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ABSTRACT

The objectives of this study were to investigate the inhibitory
effect of coconut oil denture-cleansing (CDC) formula against Candida
albicans biofilm formed on 96-wells plate and acrylic surfaces at
various immersion times and to determine the effects on physical
properties of heat-cured acrylic surfaces. A total of twenty-seven CDC
formulas were prepared. All CDC formulas were evaluated the
stability and anticandidal activity by freeze-defrost cycles and broth
microdilution assays, respectively. The formula 22t (F22) containing
0.3 g of anionic emulsifier at a ratio 40:60 of virgin coconut oil to
distilled water showed the highest stability and anticandidal activity.
The percent inhibition against C. albicans biofilm formed on 96-well
plate and acrylic resin surfaces of the F22 after 8 hours of immersion
were 86.87 £ 0.65%, and 91.19 + 1.81%, respectively. However,
the F22 had significantly lower inhibitory activity than 0.12%
chlorhexidine gluconate (P <0.05). Furthermore, flexural strength of
acrylic resin specimens was determined using a 3-point bending test
and surface roughness was measured with a profilometer. The
flexural strength and the change in surface roughness of F22 were
not significant different compared with chlorhexidine and distilled
water after 8 hours immersion for 30 days (P >0.05). In conclusions,
F22 which containing 0.3 g of anionic emulsifier at the ratio of coconut
oil to distilled water at 40:60 exhibited the potent inhibitory activity
to Candida albicans biofilms and had no significant effect on the
flexural strength and surface roughness of acrylic resins after
immersion for 30 days.
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INTRODUCTION

Denture stomatitis is an inflammatory disease resulting from a polymicrobial
biofilm infection at the denture surface-palatal mucosa interface. Its incidence is
occurring up to 70% of older patients (Gendreau et al., 2011). Old age should be
regarded as a normal inevitable biological phenomenon. During the latter half of
the 20™ century, the age demographic changed dramatically with a greater
proportion of elderly people within the population. This change has had a major
impact on the delivery of oral healthcare products (Akar et al., 2008). The increase
of the number of elderlies may lead to an increase in the number of people
requiring removable dentures which can result in denture stomatitis. Inadequate
cleaning of removable dentures promotes the accumulation and adhesion of
biofilm, which is one of the main causes of prosthesis failure (Neppelenbroek,
2015). It has been widely reported that denture biofilm acts as a reservoir of
microbial community which is similar to that of dental biofilm, except for an
increase in Candida spp., that can cause local infections, especially Candida-
related denture stomatitis (Gleiznys et al., 2015) Candida albicans is most
common microorganism that adheres the inner surface of the denture bases and
has been identified as the primary risk factor of denture stomatitis (Ramage et al.,
2004). Besides poor denture cleanliness, local and systemic conditions such as
xerostomia and diabetes, particularly found in older adults are predominant factors
in the pathology of denture stomatitis (Bozdemir et al., 2019). Various methods
were reported to eliminate C. albicans such as brushing, ultrasonic, sodium
hypochlorite (NaOCI), chlorhexidine gluconate (CHX), natural extracts, and the
combination method. Mechanical method by brushing dentures alone is ineffective
against microbial biofilms on dentures (Glass et al., 2001). The combination of
brushing and chemical immersion in denture cleansers is the recommended
method for removing biofilms on dentures (Felton et al., 2011). An ideal denture
cleanser should have bactericidal and fungicidal properties, remove biofilms
without affecting denture materials’ properties or stains. It should be nontoxic,
compatible with denture material, short acting (< 8 hours), simple to use,
acceptable taste, and cost-effective (Felton et al., 2011). However, there is no
ideal chemical agent. Chemical denture cleansers such as NaOCI, CHX and alkaline
peroxides are most widely used. NaOCI| and CHX were reported for candidal biofilm
eradication efficacy. Alkaline peroxides were not effective in eliminating Candida
(Ribeiro Rocha et al., 2020) in the 15 minutes period specified by the
manufacturer. Nevertheless, this solution showed an adverse effect on denture
materials. Sodium hypochlorite is not used as immersion products. Exposure of
longer than ten minutes in this solution may cause the damage of denture. This
solution can damage the denture base to cobalt chromium alloy surface. Moreover,
overnight immersion of NaOCI can affect to the color stability and flexural strength
of acrylic resin (Barbosa et al., 2007), can increase the surface roughness (Vieira
et al., 2010), exerts the malodor, and has a bad taste (Barnabé et al., 2004). Both
0.12%, and 2.0% CHX-based treatments exhibited the similar ability to remove
denture biofilm. Moreover, long term soaking of dentures caused acrylic staining.
CHX should not be applied with nystatin because their combination creates a salt,
which interferes the efficacy of the drugs (Barkvoll et al., 1989). CHX at 0.12%
can affect the microhardness of the denture base by continue exposure, and alter
the dimensional stability of self-cure acrylic resin (Arora et al., 2011). Alkaline
peroxide solution can decrease the flexural strength of acrylic resins (Shah et al.,
2015) and causes lightening of acrylic resin on extended use (Ghalichebaf et al.,
1982). Therefore, a new or alternative choice for denture cleanser with
anticandidal activity and non-toxic substance should be investigated for example,
mouthwash containing propolis, white vinegar, lemongrass extract (Dany et al.,
2015). Coconut oil contains a plentiful source of medium-chain fatty acids
(MCFAs), especially lauric acid (45-56%) and capric acid (4-10%) (Nevin et al.,
2006). These MCFAs can destroy candidal cell membrane (Mukhtar et al., 2020)
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and has potential anticandidal activity against C. albicans (Yildirim-Bicer et al.,
2014). Among several MCFAs, 2.5 mM of lauric acid, 5 mM of capric acid, and
1.25 mM of monocaprin were effective to kill C. albicans within ten minutes of
incubation time (Bergsson et al., 2001). Bergsson et al’s study reported that capric
acid affected the ultrastructure of C. albicans as demonstrated by TEM. After
treatment with 10 mM of capric acid for 30 minutes, the results demonstrated the
disorganization of cytoplasm and cell membrane.

Coconut oil-pulling was carried out in the preventive therapy to maintain oral
hygiene (Asokan et al., 2009). Our former study reported high patient satisfaction
score with coconut oil-pulling because of its advantages such as good taste,
pleasing scent, and fewer allergic reactions compared with CHX (Owittayakul
et al., 2018). Recently, Intharakaewsri et al. developed anticandidal mouthwash
from coconut oil that was added propylene glycol and distilled water to reduce its
cost. This innovative mouthwash was formulated with virgin coconut oil: propylene
glycol: distilled water at the ratio at 60:30:10 demonstrated the efficacy to reduce
C. albicans biofilm as equal to nystatin with the percent of inhibition at 83.75+
5.75, and 82.36+4.61, respectively (Intarakaewsri et al., 2020). Unfortunately,
this formula of coconut oil was not stable. The separation of the coconut oil layer
and water layer was observed within a few minutes resulting in the inappropriate
denture-cleansing agent. Hence, other emulsifying agent are required to solve this
problem and achieve a homogeneous solution. The objectives of the present study
were to develop a denture-cleansing formula from virgin coconut oil with an
emulsifier and to investigate its efficacy in order to reduce C. albicans biofilm. In
addition, the effect on physical properties of heat-cured acrylic surfaces were
evaluated. The null hypothesis were that there is no difference of the anticandidal
activity between the developed cleansing formula from virgin coconut oil and
0.12% CHX, and the developed cleansing formula does not affect the physical
properties of acrylic resin, such as flexural strength and surface roughness, at 30
days of immersion.

MATERIALS AND METHODS

Preparation of coconut oil denture-cleansing (CDC) formula

A total of 27 CDC formulas were prepared by using virgin coconut oil (VCO;
CoCo Delight®, GPO, Pathumthani, Thailand) and diluted with distilled water at the
ratio of 10-90%v/v. Then, sodium polyacrylate and C13-14 isoparaffin and
Laureth-7 (tradename Aquagel™ 45; Chem Sources Ltd., Bangkok, Thailand) was
separately added at 0.1, 0.2 or 0.3 %w/v. The ingredients were mixed together
using a magnetic stirrer.

Emulsion stability test

The stability test was performed within two days at room temperature
according to the freeze-defrost cycles (Daher et al., 2014). The formulas which
exhibited the homogeneous appearance were selected. Four incubation cycles of
each formula at 4°C were completed and then incubated again at 45°C for 24
hours. After the incubation cycle completed, the formulas which demonstrated an
unchanged appearance were then selected for further evaluation.

Candida albicans strains

C. albicans ATCC10231 was obtained from the laboratory of Department of
Medical Science, Ministry of Public Health, Nonthaburi, Thailand. Sabouraud
Dextrose agar (SDA; Difco™; Bacton Dickinson, Sparks, MD) was used as the
culture medium of C. albicans while Sabouraud dextrose broth (SDB; Difco™;
Bacton Dickinson, Sparks, MD) was used to determine the minimum inhibitory
concentration (MIC) and the minimum fungicidal concentration (MFC). All strains
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were separately cultured in SDB at 37°C for 24 hours under aerobic condition.
At the end of the incubation period, one mL of culture was centrifuged at 2,000
rpm/minute for ten minutes. Cell-free supernatant was then decanted. Candidal
cells were resuspended with one mL of Phosphate Buffer Saline (PBS) and then
adjusted at the optical density of 600 nm to be equal to McFarland No.1 (10°
CFU/mL) (Chanpa et al., 2023).

Determinations of MIC and MFC

The MIC and MFC values of 0.12% CHX, 100% VCO, The selected CDC
formula and Aquagel™ 45 against C. albicans were determined by using broth
microdilution assay with slight modification (Rodriguez-Tudela et al., 2003).
Positive and negative controls were 0.12% CHX and 0.1 to 1.0 %w/v of Aquagel™
45 which was dissolved in distilled water. One hundred pL of candidal suspension
and 100 pL of sample solutions were mixed into a 96-well plate and incubated at
37°C for 24 hours. The lowest concentration of the tested compounds that can
inhibit the visual growths of C. albicans was recorded as MIC. The growth of the
tested pathogen in the non-visible wells over the MIC well were subculturing with
inoculating loop. A sample from each well was subsequently streaked on the
surface of SDA plate. The plates were then incubated at 37°C for 24 hours. The
lowest concentration of the tested compounds exhibiting the absence of C. albicans
colony on SDA plate was recorded as the MFC.

Colony Enumeration

Colony enumeration was performed to evaluate C. albicans inhibitions of the
selected CDC formula (Madeira et al., 2016). C. albicans suspension was adjusted
to a final concentration of 1.5x10% CFU/mL. One hundred pL of C. albicans solution
and 100 pL of the sample were mixed into 96-wells plate and incubated at 37°C
for 24 hours. Then, ten pL of suspension from each well was dropped into 90 pL
of SDB and was then serially diluted with PBS solution. The 100 pL of suspended
solution was plated in triplicated onto SDA plate. The plates were aerobically
incubated for 24 hours at 37°C before counting the colonies. The percentage of
reduction was calculated using the following formula;

[(Numbers of colonycontrol - Numbers of colonysample)/Numbers of colonycontroi] X 100%

Biofilm Formation

One hundred uL of each isolate of C. albicans which adjusted the optical
density of McFarland No. 1 was dropped into each well of the pellicle-prepared
96-wells plate. One hundred L of SDB was separately dropped into each well. The
tested 96-wells plate was then incubated at 37°C for 90 minutes for initial
adherence (Santos et al., 2016). After the end of incubation period, the whole
supernatant in each well was gradually decanted before being washed twice with
200 pL of PBS solution. One hundred pL of SDB was immediately dropped into
each well and replaced every 24 hours until the incubation was completed after
48 hours. After the end of the incubation period, the whole supernatant in each
well was completely drained before being washed twice with 200 pl of PBS solution.
The growth of candidal biofilm was measured according to the previous study
(Chanpa et al., 2023).

Inhibitory activity against C. albicans biofilms formed on 96-well plate

The MFC value of 0.12% CHX solution against C. albicans in freshly prepared
biofilms was determined at 48 hours of the incubation period as described in the
previous report (Chanpa et al., 2023). C. albicans biofilms that formed on the
surface of 96-well plates were measured after incubated with the selected CDC
formulas at 37°C for 20 minutes, 8 hours, and 12 hours. After the incubation
period, the treated biofilm of each well was separately removed by a sterilized
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disposable inoculating loop. The biofilm suspension was serially two-fold diluted in
PBS and plated in triplicate onto a SDA plate to enumerate the C. albicans colonies.
Inhibitory activity on biofilm was calculated as described above as a percentage of
candidal inhibition. The formula which exhibited the strongest activity was selected
for further investigation with regard to candidal viability.

Inhibition of candidal viability and biofilm detected by fluorescence
microscopy

C. albicans biofilm was prepared on the 96-wells plate which was then
incubated with the selected CDC formula for inhibition time. The plate was washed
twice with PBS, then removed the solution before stained with FUN™-1 to
determine the candidal viability and appearance of biofilm extracellular matrix.
Prior to staining, the plate was transferred to a new well of 96-wells plate and
incubated with 2 mL of PBS containing 10 uM FUN™-1 fluorescent dye (Invitrogen,
Thermo Fisher Scientific, Waltham, MA) and 25 pg/mL of concanavalin A (Con A)-
Alexa Fluor 488 conjugate (Invitrogen, Thermo Fisher Scientific, Waltham, MA) for
45 minutes at 37°C in dark condition (Montelongo-Jauregui et al., 2019). This
investigation was completed in triplicate. After the incubation period, fluorescence
microscopy (Olympus EX41 microscope, Olympus Co., Shenzhen, Guangdong,
PRC) was performed to observe the candidal viability at 200x magnification. The
FUN™-1 stain passively diffuses into a variety of cell types and initially stains the
cytoplasm with a diffusely distributed dye fluorescence. For yeasts and fungi, live
cells stain red but dead cells stain bright yellowish green without any red color.
Concanavalin A (Con A) is one of the most widely used lectins in cell biology which
exhibits green fluorescence. It selectively binds to a-mannopyranosyl and a-
glucopyranosyl residues at the glycan of C. albicans.

Anticandidal activity against biofilm formed C. albicans on acrylic resin
disc

Heat-cured acrylic resin discs (Hexa Ceram dental laboratory, Chiang Mai,
Thailand) with a diameter of 6 x 2 mm. were fabricated, immersed in distilled
water at 37°C for 48 hours to reduce the remaining monomers, and then sterilized
with ethylene oxide gas (Paranhos et al., 2009).

Biofilm formation was prepared on the sterilized discs of acrylic resin
according to the previous study (Chanpa et al., 2023). The anticandidal activity of
the selected CDC formula was determined at 37°C for 20 minutes, 8 hours, and
12 hours. Briefly, two hundred pL of the selected CDC formula was dropped into
each well which placed the C. albicans biofilm on acrylic discs. After incubation
with various cleansing times, each acrylic disc was washed twice with PBS and
then transferred into a new centrifuge tube that contained 300 uL of the SDB.
Biofilm attached on the acrylic resin was separately sonicated using an ultrasonic
vibrator at 1,000 Hz for five minutes to break down attachment (Choonharuangdej
et al., 2021). Ten pL of the suspension was diluted into a new centrifuge with 990
puL of SDB twice. The anticandidal activity against C. albicans biofilm on acrylic
resin disc was determined by colony enumeration and the percentage of fungal
inhibition was calculated.

Effect on flexural strength (Fs) of heat-cured acrylic resin

Fifty-six rectangular heat-cured acrylic resin sheets with a size of 65 x 10 x
3 mm were fabricated, polished, and then immersed in distilled water at 37°C for
48 hours to eliminate residual monomer (Jorge et al., 2006). The polishing process
was performed by using 400-grit silicon carbide abrasive paper (TOA Paint Public
Com. Ltd., Thailand) under running water. Sequential sandpapering was done
using a micromotor, and then specimens were polished on a wet rag wheel with a
slurry of pumice. The polished specimens were checked their dimension using a
vernier caliper. The fifty-six specimens were divided into four groups (n=14)
including the baseline group (initiation value), the control group (immersion with
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distilled water, the two treated groups (immersion with the selected CDC formula,
and 0.12% CHX). For each cycle of sample immersion, the sample was rinsed
through distilled water for three minutes, dried, then kept at room temperature
for 24 hours (Ghazal et al., 2019). The cycling of each sample was repeated every
day for 30 days. The flexural strength was measured according to the three-point
bending test (Arora et al., 2011) by using the universal hardness tester (Instron
5566 universal testing machine, Instron®, Norwood, MA) with a crosshead speed
at five mm/minute and with the support span width of 50 mm applying the load
until specimen fracture. The maximum load exerted at failure was recorded in
Newton (N). The flexural strength (Fs) and flexural modulus (Fm) of each sample
were calculated from the following equations (ISO, 2013).

Flexural strength (MPa) = 3PL/bd?
Flexural modulus (MPa) = L3m/4bd3

with P, maximum load; L, span length (65 mm); b, acrylic width (10 mm);
d, acrylic thickness (3 mm); m, the slope of the modulus line (N/mm).

Effect on surface roughness (Ra) of heat-cured acrylic resin

Thirty specimens with a size of 25 x 14 x 3 mm were fabricated, prepared
and polished as described above. A roughness tester (Surftest SJ-310, Mitutoyo
Co., Kanagawa, Japan) was used to measure the surface roughness of each
rectangular specimen at baseline. The baseline values were not exceeding 0.2 um
to simulate the clinically acceptable level of surface roughness (Neppelenbroek
et al., 2005). Thirty acrylic sheets were divided into three groups (n=10): distilled
water, the CDC formula, and CHX. Each sample was immersed for 8 hours as
described above (Bollen et al., 1997). Sample cycling was repeated every day for
a 30 days-period. Surface roughness was determined at days 0, 15 and 30. Each
specimen were performed 2.4 mm in length and cutoff value of 0.5 mm/s in the
regions corresponding of the marks of the specimen (Madeira et al., 2016).
The mean value of surface roughness was calculated from the three lines.
The resolution of the record data was 0.01 pm.

Statistical analysis

Normal distribution of data was tested by Shapiro-Wilk test. One-way
analysis of variance (One Way-ANOVA) and Tukey’s multiple comparisons were
used to compare the means between groups and the paired-sample T-test was
computed to compare the means within the same group using IBM software SPSS
17.0 (SPSS Inc., Chicago, Illinois, USA). All tests were performed using a
confidence level of 95%.

RESULTS

Stability evaluation of CDC formulas with Aquagel™ 45

Details of each CDC formula exhibited with % Aquagel™ 45, % VCO and their
physical stability at day 1 and day 2 were shown in Table 1. Figure 1 demonstrated
that the 27 CDC formulas were obtained according to the variation of % Aquagel™
45 in a range of 0.1 to 0.3% and their stabilities at 48 hours of incubation. Only
five CDC formulas, F19 to F23, were presented the homogeneous appearance (H)
after 48 hours of incubation at room temperature. The results revealed that the
application of 0.3%w/v of Aquagel™ 45 was effective to stabilize the mixture of
oil and water Details of each CDC formula exhibited with ingredients, and physical
stability at day one and day two were shown in Table 1.
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Figure 1. Stability evaluation of CDC formulas at 48 hours of incubation.

Table 1. CDC formulas, ingredients and their physical stabilities.

Formulas Ingredients Physical Stabilities
%w/v Aquagel™ 45 % VCO Day 1 Day 2

F1 10 Cs Cs
F2 20 Cs Cs
F3 30 S S
F4 40 Cs Cs
F5 0.1 50 Cs Cs
F6 60 Cs Cs
F7 70 Cs/C Cs
F8 80 S/C S/C
F9 90 S/C S/C
F10 10 H/C H/C
F11 20 H/C H/C
F12 30 H/C H/C
F13 40 S/C S/C
F14 0.2 50 H/C H/C
F15 60 H/C H/C
F16 70 H/C H/C
F17 80 S/C S/C
F18 90 H/C H/C
F19 10 H H
F20 20 H H
F21 30 H H
F22- 40 H H
F23- 0.3 50 H H
F24 60 H/C H/C
F25 70 H/C H/C
F26 80 H/C H/C
F27- 90 S/C S/C

Note: CS, Clear separation; S, Separation; H, Homogeneous; C, Colloidal appearance; *, Selected formulas

To confirm the appropriate %VCO for development of the stable CDC
formulas, three formulas in different %VCO, F22, F23, and F27, were selected to
investigate with the freeze-defrost cycles for one and two days, and with an
extreme thermal test for eight days. Figure 2 demonstrates that two CDC formulas
(F22 and F23), demonstrated homogeneous emulsion at the end of freeze-defrost
cycle and extreme thermal stability test. These CDC formulas were stable and used
for further investigations.
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Figure 2. Stability evaluation of the selected CDC formulas with 0.3%w/v
Aquagel™ 45 at one and two days of incubation at room temperature, and
after eight days of extreme thermal incubation.

Determination of MIC and MFC values of CHX

The MIC and MFC values of CHX were 0.0075% and 0.015%w/v CHX,
therefore fungicidal. In comparison, 0.1% to 1% Aquagel™ 45 did not inhibit
C. albicans in 96-wells plate or on the SDA plate.

Colony enumeration

Figure 3 shows the significant difference between 0.12% CHX, CDC formulas
F22 and F23, compared with 100% virgin coconut oil (VCO) and 0.3% Aquagel™
45 after 24-hours of incubation against C. albicans (P <0.001). The mean values
of inhibitory activities were 97.73 £ 1.24%, 94.19 £+ 2.24% and 91.18 £+ 2.11%,
whereas the mean percentage of inhibition of the VCO and 0.3% Aquagel™ 45
were only 44.55 £ 3.00% and 2.16 £ 0.50%, respectively. The CDC formulas F22
and F23 differed on the percent ratio between VCO and distilled water such as
40:60, and 50:50 %vV/v, respectively.
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Figure 3. Percentage of inhibition against C. albicans after 24-hour
incubation; *, P < 0.05. The red bars of these data were the mean value of
each data group.
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Figure 4 demonstrates the mean value of percentage inhibition against
C. albicans biofilms-formed on 96-wells plate by CFU enumeration. The results
exhibited the highest anticandidal activity ranked in order to 0.12% CHX, CDC
formula F22, CDC formula and F23, 100% VCO and 0.3% of Aquagel™ 45,
respectively. CHX at 0.12% showed the highest inhibition after immersion for 8
and 12 hours whereas its high level of inhibitory activity was shown at 92.49 +
1.47% after 20 minutes of immersion. For the activity of emulsifier, immersion in
0.3% Aquagel™ 45 for 20 minutes, 8 hours and 12 hours did not inhibit the
C. albicans biofilms, 1.16 £+ 0.78%, 1.44 £ 0.74%, and 1.28 £ 0.38%,
respectively. For the activity of VCO, there were the significant differences of
inhibitory activity compared with 0.12% CHX at all immersion time (P <0.05). At
20 minutes of immersion, the significant differences (P <0.05) were detected after
compared among 0.12% CHX, the CDC formula F22, the CDC formula F23, and
100% VCO with the inhibitions at 92.49 £ 1.47%, 79.21 £ 2.18%, 38.49 £ 0.71%,
and 22.72 £ 1.15%, respectively. At 8 and 12 hours of immersion, the significant
differences at P <0.001 were also detected after compared among 0.12% CHX,
the CDC formula F22, the CDC formula F23, and 100% VCO with the inhibitions
at 99.56 £ 1.02% and 99.81 + 0.38, 86.87 = 0.65% and 91.94 + 0.83, 79.02 =
0.83% and 82.81 £ 1.44, and 52.81 £ 1.16 and 52.09 + 1.01%, respectively. The
inhibitory activity of CDC formula F22 showed significantly higher than that of the
CDC formula F23 at all immersion times (P <0.05). As the results, F22 was chosen
because of its stability and anticandidal effect. Although, the CDC formula F22
exhibited high value of candidal inhibition within 20 minutes of immersion, eight-
hours of immersing time was chosen because of higher percentage inhibition of
C. albicans. Moreover, the American College of Prosthodontists suggested to use
a short acting (8 hours) substance (Felton et al., 2011).
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Figure 4. Percentage inhibition of C.albicans biofilms of five different
substances at three immersion times (A) 20 min, (B) 8 hour, (C) 12 hour;
*, P<0.05. The red bars of these data were the mean value of each data group.
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Inhibition of candidal viability and biofilm detected by fluorescence
microscopy

Figure 5 reveals that candidal biofilm and its extracellular matrix were
decreased after immersed in the selected CDC formula F22 whereas inhibition was
demonstrated in the immersion of 0.12% CHX solution both with the FUN™-1 and
Con A stainings. After eight hours of immersion, the treated C. albicans biofilms
were stained with those fluorescent dye. The red fluorescence signal of FUN™-1
appeared to be concentrated in candidal cells which indicated that the C. albicans
cells was alive.
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Figure 5. Inhibition of candidal viability and biofilm formation detected by
fluorescence microscopy after eight hours of immersion. Biofilm formation
of C. albicans in SDB, the CDC formula F22, and 0.12% CHX solution, respectively.
CHX was performed as the positive control.

Anti- C. albicans biofilm formed on acrylic resin discs at 8 hours of immersion

Figure 6 demonstrates the mean percentage inhibition of C. albicans biofilm-
formed on acrylic resin surfaces. At 8 hours of immersion, 0.12% CHX exhibited
the greatest percent inhibition of C. albicans biofilms with 98.59 + 0.53%, followed
by the CDC F22 (91.19 £ 1.81%), 100% VCO (41.54 £ 1.34%), and 0.3%
Aguagel™ 45 (2.06 + 0.82%). The CDC F22 presented high values of percentage
inhibition of C. albicans biofilm. However, the percentage inhibition of 0.12% CHX
group was significantly greater than that of the others (P <0.05).

Open access freely available online Nat. Life Sci. Commun. 2023. 22(3): 2023047




N LS Natural and Life Sciences Communications: https:// cmuj.cmu.ac.th

100 = —
. A
£ 4 ==
-— N
<S5z ]
== -
=T -
s =
= = =
- 50 =
3 E T A
0;; - —;;—
gn .2 ]
£5 7
3.5 -
= 2 7
O = -
A2 2
-
g -
Y 1 T T 4=
9 o e 3
i o = o gﬂ
) - o =
=] (=
5 g 2
= R
(] (2l
=

Figure 6. Percentage inhibition against C. albicans biofilms formed on
acrylic resin surface by CFU calculating at 8 hours of immersion.
*, Significant differences were shown in comparison with 0.12% CHX (P < 0.05).
The red bars of these data were the mean value of each data group.

Investigation on flexural strength of heat-cured acrylic resin after
immersion with CDC formula F22

Table 2 demonstrates the mean values of flexural strength and flexural
modulus of acrylic resin after 8 hours of immersion at room temperature for 30
days. The results showed the flexural strength and flexural modulus of baseline
group had slightly higher than those of other groups. However, the results of the
One-way ANOVA test found no significant difference in flexural strength among
four groups. The statistical analysis showed no significant difference in flexural
strength and flexural modulus after 8 hours of simulated immersion (P=0.328,
and 0.931, respectively).

Table 2. Means and standard deviation flexural strength and flexural modulus of
all test groups at 30 days immersion period.

Groups (n=14) Flexural strength (MPa) Flexural modulus (GPa)
No treatment 131.630 £ 22.290 2.498 + 3.490
Distilled water 117.900 + 16.120 2.444 £ 1.230
0.12 % CHX 120.930 £ 20.250 2.470 £+ 1.360
The CDC formula F22 122.920 + 22.090 2.477 £ 1.230

Note: Data were analyzed by One-way ANOVA test. No significantly different at P >0.05

Investigation of surface roughness of heat-cured acrylic resin after
immersion with the CDC formula F22

Table 3 presents the surface roughness and the changes in roughness (ARa)
of heat-cured acrylic resin after immersion in three different solutions. The results
of paired-sample T-test revealed that the roughness values of three groups was
not significantly different at day 0, 15, and 30 (P >0.05). Furthermore, analysis
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of the One-way ANOVA showed no significant difference in ARa between three
different solutions (P =0.210).

Table 3. Means and standard deviation of surface roughness (Ra, y) of three

solutions.
) ARa* ¥ *
Groups (n=10) Basiline*, Day 15% Day 30%* (Day 0 - Day
30)
Distilled water 0.101 £ 0.046 0.108 £ 0.050 0.107+£0.049 -0.002+0.009
012% CHX 0.092+0.048 0.092+0.0447 0.100+0.478 0.009+0.019

The CDC formula F22 0.078 +£0.048 0.078+0.0472 0.077+0.042 0.007+0.011

Note: *, **Data were analyzed by paired-sample T-test; *** Data were analyzed by One-way ANOVA test. No significantly different at
P <0.05

DISCUSSION

This study focused on developing a stable CDC formula which demonstrated
a homogenous solution, possessed the required anticandidal activity with minimal
alteration to the physical properties of acrylic resin. The null hypotheses were
accepted: there was no significant difference of the anticandidal activity between
the developed CDC formula and 0.12% CHX, and the CDC formula does not affect
the physical properties of acrylic specimens at 30 days of immersion.

The CDC product was formulated according to three phases of compositions:
VCO, distilled water and emulsifier. There are three different types of emulsifying
agents based on the behavior in aqueous solutions including anionic, cationic, and
nonionic emulsifiers (Levine et al., 1989). Adding emulsifiers facilitates reducing
the interfacial tension between water and oil phases, allows the creation of smaller
droplets and increases the emulsion status. The emulsifier structure includes a
hydrophobic portion that dissolves in the oil phase and a hydrophilic portion that
may be either charged or uncharged and dissolves in the aqueous phase (Tadros,
2009). The application of emulsifier to the development of coconut oil related
products was reported in very few studies. Most of all, they belong to the nonionic
type such as propylene glycol (1, 2-propanediol) (Intarakaewsri et al., 2020),
Tween 80 (Polyoxyethylene sorbitan mono-oleate) (Fitriyani et al., 2018), Tween
85 (Polyoxyethylene sorbitan tri-oleate), Span 85 (Sorbitan tri-oleate), Span 80
(Sorbitan mono-oleate), Span 20 (Sorbitan monolaurate) (Gani et al., 2015).
However, the previous study of Intharakaewsri et al reported a non-stable
formulation which consisted of VCO, distilled water and emulsifier (Intarakaewsri
et al., 2020). Therefore, an anionic emulsifier was chosen instead of a nonionic
emulsifier in this study. Aquagel™ 45 is a universal emulsifier that can emulsify a
variety of oils. It is an anionic polyacrylic acid emulsifier that is stable, non-
corrosive, environment-friendly, and compatible with polymer substrates. It swells
rapidly and creates a gel or cream immediately without neutralization or heat.
It shows the ease of preparation, no heat requirement, and no foam production.
These characteristics of Aquagel™ 45 were advantageous, therefore, we used it in
the preparation of CDC formulas in the present study.

In this study, 27 formulations were developed, however, only two CDC
formulas (F22 and F23) were stable and exhibited homogeneous appearances.
These formulas were composed of VCO, distilled water and Aquagel™ 45 in a ratio
of 40-50%, 50-60%, and 0.3%, respectively. The results indicated that Aquagel™
45 was an appropriate emulsifier to stabilize the mixture of VCO and distilled
water.

C. albicans ATCC 10231 was used because it is a strain derived from the
mouth and throat of a human (Fani et al., 2014). The selected CDC formulas in
our investigation which were prepared from 40-50% VCO exhibited significantly
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higher percentage inhibition of C. albicans growth compared to the other formulas
that contained different percentages of VCO. The obtained findings indicated the
application of emulsifier in a 40-50% ratio increases the anticandidal activity of
VCO. The study of Fitriyani and Andina reported that 50% VCO possessed the
largest average inhibitory zone than that of other % VCO (Fitriyani et al., 2018).
Furthermore, Intarakaewsri et al reported that the mouthwash formulated in the
ratio of VCO, propylene glycol and distilled water at 60:30:10 was able to reduce
viable cells in the fungal biofilms by 83.75 £ 5.75% that was significantly higher
than that in 100% VCO (42.83 £ 7.61%). In addition, there was no statistical
difference between this formulation and that of nystatin (82.36 £ 4.61%)
(Intarakaewsri et al., 2020). Regarding the anticandidal activity of VCO, Ogbolu
et al reported the anticandidal activity of VCO in vitro (Ogbolu et al., 2007). MCFA
in coconut oil can inhibit Gram-positive bacteria, Gram-negative bacteria, fungi,
protozoa and viruses (Khoramnia et al., 2013). VCO is composed of greater than
99% triglycerides, with free fatty acids making up less 0.2% (Marina et al., 2009).
VCO triglycerides can be hydrolyzed with lipase and water to form monoglycerides,
diglycerides, glycerol, and free fatty acids. Monoglycerides and free fatty acids
have been reported to exhibit the antimicrobial activity (Bhattacharyya et al.,
2020). The exact mechanism by which VCO exerts antimicrobial effects is still
unknown. It has been suggested that VCO must be metabolized to release its
component MCFAs, caprylic acid (Cg), capric acid (Ci0), and lauric acid (Ci2) to
exert its antimicrobial effects (Ogbolu et al., 2007). Of these metabolites, lauric
acid may have the most antimicrobial activity. A proposed mechanism for the
antibacterial effects of VCO suggests that membrane lipids are solubilized as the
VCO fatty acids integrate into the membrane (Shilling et al., 2013).

The physical characteristics of acrylic resin particularly the flexural strength
and roughness are the crucial parameters. Currently, there is no published data
about the effect of coconut oil-based denture cleansers on the physical properties
of acrylic denture materials. The parameters were assessed after 8 hours of
immersion with F22 according to the recommendation of by the American College
of Prosthodontists (Felton et al., 2011). Moreover, 8 hours of immersion is initiated
the overnight denture hygiene care by patients (Degirmenci et al., 2020). Flexural
strength of acrylic denture was measured to determine the longevity of prosthesis.
Poor flexural strength causes higher incidence of fracture of dentures (Barbosa
et al., 2007). Furthermore, immersion in denture cleansers may reduce the
flexural strength of acrylic resins (Sato et al., 2005). According to ISO 20795-1
for denture base polymers, the 3-point flexural test is frequently used to measure
the flexural strength of denture base resins (ISO, 2013). The results of the present
study revealed that mean flexural strength of acrylic sheets after 8 hours of
immersion in the CDC formula F22 for 30 days was 122.92 £22.09 MPa, which
had no significantly change in flexural strength compared with baseline. The
flexural strength value of the CDC formula F22 group was still above the minimum
requirement at 65 MPa which indicated by ISO 20795.1.2013 (ISO, 2013).
Flexural modulus is the ratio of stress to strain in flexural deformation.
It demonstrates the stiffness or rigidity of a material within the elastic range
(Chaijareenont et al., 2012). A lower flexural modulus is favorable in increasing
the absorbed energy before fracture of the denture base, but a higher flexural
modulus is recognized as clinically advantageous (Ucar et al., 2012). From the
results of the present study, the flexural modulus value of acrylic sheets after eight
hours of immersion in the CDC formula F22 for 30 days had no significant change
compared with non-treatment and distilled water groups. The flexural modulus
value of The CDC formula F22 was higher than the indicated minimum (2 GPa)
(IS0, 2013). Considering the surface roughness, the increase of roughness usually
relates to the colonization of candida cells and biofilm formation (Paranhos Hde
et al., 2013). Moreover, excessive surface roughness of acrylic denture base leads
to difficulty in removal of biofilm and increases the risk of Candida-associated
denture stomatitis (Valentini et al., 2017). The previous study reported that the
surface roughness value is greater than 0.2 um may promote bacterial colonization
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and plaque formation (Bollen et al., 1997). In this study, mean surface roughness
after an eight-hour immersion in the CDC formula F22 for 30 days was 0.077 pm
which was acceptable within the range reported by Bollen et al (Bollen et al.,
1997). In relation to CHX group, the result of this present study was in agreement
with the former study by Schwinding et al that revealed CHX can cause a slight
increase in surface roughness, but had no significant on Ra (Schwindling et al.,
2014).

According to the American College of Prosthodontists (Felton et al., 2011),
the CDC formula F22 had the desirable properties, which including homogenous
mixture, fungicidal properties, short action (<8 hours), ease of use and non-
damaging the heat-curing acrylic resin surfaces. In terms of the appropriate
immersion period, the results of the present study revealed that the CDC formula
F22 had the highest anticandidal activity at 12-hour immersion, which was longer
than the recommendation of eight hours. Therefore, denture immersion with the
CDC formula F22 for eight hours, and a combination of brushing and chemical
immersion may increase the efficiency in eliminating C. albicans on dentures.
However, the eight-hour immersion of acrylic resin in the CDC formula F22 for 30
days in experimental conditions did not lead to significant changes in flexural
strength and surface roughness, indicating the solution was safe to use.
Nevertheless, further clinical trials concerning effect of long-term application of
the CDC formula on the strength and roughness should be conducted.

The limitation of the present study is that a single species was used in an
in vitro biofilm model. Whereas mixed species and polymicrobial biofilms, which
are more resistant than single species biofilm, are found in real life. Moreover, the
effects of the solutions on acrylic resin were analyzed without biofilms. Another
limitation of our study was that only chemical cleaning method by chemical
substances was simulated. As a result of this, the physical values would be less
than in vivo study due to several factors such as mastication process and
mechanical brushing or tap water could affect the physical properties of acrylic
denture bases.

CONCLUSION

After formulation, the CDC formula F22 exhibited a stable emulsion with
minimum amount of emulsifier used and demonstrated the highest anticandidal
activity. Within the eight hours of immersion, the formula effectively reduced
C. albicans biofilms formed on 96-well plates and acrylic resin sheet. Moreover,
CDC formula F22 did not alter two physical properties of the acrylic resin sheets.
Moreover, the CDC formula F22 had no significant effect on flexural strength and
surface roughness of the acrylic resin after 30 days of immersion. In conclusion,
the CDC formula F22 is an effective product made from virgin coconut oil that can
be applied as an alternative denture cleanser for eradication of biofilm-formed
C. albicans, and prevention of denture stomatitis caused by this pathogen.
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	Denture stomatitis is an inflammatory disease resulting from a polymicrobial biofilm infection at the denture surface–palatal mucosa interface. Its incidence is occurring up to 70% of older patients (Gendreau et al., 2011). Old age should be regarded ...
	Coconut oil-pulling was carried out in the preventive therapy to maintain oral hygiene (Asokan et al., 2009). Our former study reported high patient satisfaction score with coconut oil-pulling because of its advantages such as good taste, pleasing sce...
	MATERIALS AND METHODS
	Preparation of coconut oil denture-cleansing (CDC) formula
	A total of 27 CDC formulas were prepared by using virgin coconut oil (VCO; CoCo Delight®, GPO, Pathumthani, Thailand) and diluted with distilled water at the ratio of 10-90%v/v. Then, sodium polyacrylate and C13-14 isoparaffin and Laureth-7 (tradename...
	Emulsion stability test
	The stability test was performed within two days at room temperature according to the freeze-defrost cycles (Daher et al., 2014). The formulas which exhibited the homogeneous appearance were selected. Four incubation cycles of each formula at 4 C were...
	Candida albicans strains
	C. albicans ATCC10231 was obtained from the laboratory of Department of Medical Science, Ministry of Public Health, Nonthaburi, Thailand. Sabouraud Dextrose agar (SDA; DifcoTM; Bacton Dickinson, Sparks, MD) was used as the culture medium of C. albican...
	Determinations of MIC and MFC
	The MIC and MFC values of 0.12% CHX, 100% VCO, The selected CDC formula and AquagelTM 45 against C. albicans were determined by using broth microdilution assay with slight modification (Rodríguez-Tudela et al., 2003). Positive and negative controls we...
	Colony Enumeration
	Colony enumeration was performed to evaluate C. albicans inhibitions of the selected CDC formula (Madeira et al., 2016). C. albicans suspension was adjusted to a final concentration of 1.5×106 CFU/mL. One hundred µL of C. albicans solution and 100 µL ...
	[(Numbers of colonycontrol - Numbers of colonysample)/Numbers of colonycontrol] × 100%
	Biofilm Formation
	One hundred µL of each isolate of C. albicans which adjusted the optical density of McFarland No. 1 was dropped into each well of the pellicle-prepared  96-wells plate. One hundred µL of SDB was separately dropped into each well. The tested 96-wells p...
	Inhibitory activity against C. albicans biofilms formed on 96-well plate
	The MFC value of 0.12% CHX solution against C. albicans in freshly prepared biofilms was determined at 48 hours of the incubation period as described in the previous report (Chanpa et al., 2023). C. albicans biofilms that formed on the surface of 96-w...
	Inhibition of candidal viability and biofilm detected by fluorescence microscopy
	C. albicans biofilm was prepared on the 96-wells plate which was then incubated with the selected CDC formula for inhibition time. The plate was washed twice with PBS, then removed the solution before stained with FUNTM-1 to determine the candidal via...
	Anticandidal activity against biofilm formed C. albicans on acrylic resin disc
	Heat-cured acrylic resin discs (Hexa Ceram dental laboratory, Chiang Mai, Thailand) with a diameter of 6 × 2 mm. were fabricated,  immersed in distilled water at 37 C for 48 hours to reduce the remaining monomers, and then sterilized with ethylene oxi...
	Biofilm formation was prepared on the sterilized discs of acrylic resin according to the previous study (Chanpa et al., 2023). The anticandidal activity of the selected CDC formula was determined at 37 C for 20 minutes, 8 hours, and 12 hours.  Briefly...
	Effect on flexural strength (Fs) of heat-cured acrylic resin
	Fifty-six rectangular heat-cured acrylic resin sheets with a size of 65 × 10 × 3 mm were fabricated, polished, and then immersed in distilled water at 37 C for 48 hours to eliminate residual monomer (Jorge et al., 2006). The polishing process was perf...
	Flexural strength (MPa)  = 3PL/bd2
	Flexural modulus (MPa) = L3m/4bd3
	with P, maximum load; L, span length (65 mm); b, acrylic width (10 mm); d, acrylic thickness (3 mm); m, the slope of the modulus line (N/mm).
	Effect on surface roughness (Ra) of heat-cured acrylic resin
	Thirty specimens with a size of 25 × 14 × 3 mm were fabricated, prepared and polished as described above. A roughness tester (Surftest SJ-310, Mitutoyo Co., Kanagawa, Japan) was used to measure the surface roughness of each rectangular specimen at bas...
	Statistical analysis
	Normal distribution of data was tested by Shapiro-Wilk test. One-way analysis of variance (One Way-ANOVA) and Tukey’s multiple comparisons were used to compare the means between groups and the paired-sample T-test was computed to compare the means wit...
	RESULTS
	Stability evaluation of CDC formulas with AquagelTM 45
	Details of each CDC formula exhibited with % AquagelTM 45, % VCO and their physical stability at day 1 and day 2 were shown in Table 1. Figure 1 demonstrated that the 27 CDC formulas were obtained according to the variation of % AquagelTM 45 in a rang...
	Figure 1. Stability evaluation of CDC formulas at 48 hours of incubation.
	Table 1. CDC formulas, ingredients and their physical stabilities.
	Note: CS, Clear separation; S, Separation; H, Homogeneous; C, Colloidal appearance; *, Selected formulas
	To confirm the appropriate %VCO for development of the stable CDC formulas, three formulas in different %VCO, F22, F23, and F27, were selected to investigate with the freeze-defrost cycles for one and two days, and with an extreme thermal test for eig...
	Figure 2. Stability evaluation of the selected CDC formulas with 0.3%w/v AquagelTM 45 at one and two days of incubation at room temperature, and after eight days of extreme thermal incubation.
	Determination of MIC and MFC values of CHX
	The MIC and MFC values of CHX were 0.0075% and 0.015%w/v CHX, therefore fungicidal. In comparison, 0.1% to 1% AquagelTM 45 did not inhibit  C. albicans in 96-wells plate or on the SDA plate.
	Colony enumeration
	Figure 3 shows the significant difference between 0.12% CHX, CDC formulas F22 and F23,  compared with 100% virgin coconut oil (VCO) and 0.3% AquagelTM 45 after 24-hours of incubation against C. albicans (P <0.001). The mean values of inhibitory activi...
	Figure 3. Percentage of inhibition against C. albicans after 24-hour incubation; *, P < 0.05. The red bars of these data were the mean value of each data group.
	Figure 4 demonstrates the mean value of percentage inhibition against  C. albicans biofilms-formed on 96-wells plate by CFU enumeration. The results exhibited the highest anticandidal activity ranked in order to 0.12% CHX, CDC formula F22, CDC formula...
	Figure 4. Percentage inhibition of C.albicans biofilms of five different substances at three immersion times (A) 20 min, (B) 8 hour, (C) 12 hour; *, P<0.05. The red bars of these data were the mean value of each data group.
	Inhibition of candidal viability and biofilm detected by fluorescence microscopy
	Figure 5 reveals that candidal biofilm and its extracellular matrix were decreased after immersed in the selected CDC formula F22 whereas inhibition was demonstrated in the immersion of 0.12% CHX solution both with the FUNTM-1 and Con A stainings.  Af...
	Figure 5. Inhibition of candidal viability and biofilm formation detected by fluorescence microscopy after eight hours of immersion. Biofilm formation of C. albicans in SDB, the CDC formula F22, and 0.12% CHX solution, respectively. CHX was performed ...
	Anti- C. albicans biofilm formed on acrylic resin discs at 8 hours of immersion
	Figure 6 demonstrates the mean percentage inhibition of C. albicans biofilm-formed on acrylic resin surfaces. At 8 hours of immersion, 0.12% CHX exhibited the greatest percent inhibition of C. albicans biofilms with 98.59 ± 0.53%, followed by the CDC ...
	Figure 6.  Percentage inhibition against C. albicans biofilms formed on acrylic resin surface by CFU calculating at 8 hours of immersion.  *, Significant differences were shown in comparison with 0.12% CHX (P < 0.05). The red bars of these data were t...
	Investigation on flexural strength of heat-cured acrylic resin after immersion with CDC formula F22
	Table 2 demonstrates the mean values of flexural strength and flexural modulus of acrylic resin after 8 hours of immersion at room temperature for 30 days. The results showed the flexural strength and flexural modulus of baseline group had slightly hi...
	Table 2. Means and standard deviation flexural strength and flexural modulus of all test groups at 30 days immersion period.
	Note: Data were analyzed by One-way ANOVA test. No significantly different at P >0.05
	Investigation of surface roughness of heat-cured acrylic resin after immersion with the CDC formula F22
	Table 3 presents the surface roughness and the changes in roughness (∆Ra) of heat-cured acrylic resin after immersion in three different solutions. The results of paired-sample T-test revealed that the roughness values of three groups was not signific...
	Table 3. Means and standard deviation of surface roughness (Ra, µ) of three solutions.
	Note: *, **Data were analyzed by paired-sample T-test; *** Data were analyzed by One-way ANOVA test. No significantly different at P <0.05
	DISCUSSION
	This study focused on developing a stable CDC formula which demonstrated a homogenous solution, possessed the required anticandidal activity with minimal alteration to the physical properties of acrylic resin. The null hypotheses were accepted: there ...
	The CDC product was formulated according to three phases of compositions: VCO, distilled water and emulsifier. There are three different types of emulsifying agents based on the behavior in aqueous solutions including anionic, cationic, and nonionic e...
	In this study, 27 formulations were developed, however, only two CDC formulas (F22 and F23) were stable and exhibited homogeneous appearances. These formulas were composed of VCO, distilled water and AquagelTM 45 in a ratio of 40-50%, 50-60%, and 0.3%...
	C. albicans ATCC 10231 was used because it is a strain derived from the mouth and throat of a human (Fani et al., 2014). The selected CDC formulas in our investigation which were prepared from 40-50% VCO exhibited significantly higher percentage inhib...
	The physical characteristics of acrylic resin particularly the flexural strength and roughness are the crucial parameters. Currently, there is no published data about the effect of coconut oil-based denture cleansers on the physical properties of acry...
	According to the American College of Prosthodontists (Felton et al., 2011), the CDC formula F22 had the desirable properties, which including homogenous mixture, fungicidal properties, short action (≤8 hours), ease of use and non-damaging the heat-cur...
	The limitation of the present study is that a single species was used in an  in vitro biofilm model. Whereas mixed species and polymicrobial biofilms, which are more resistant than single species biofilm, are found in real life. Moreover, the effects ...
	CONCLUSION
	After formulation, the CDC formula F22 exhibited a stable emulsion with minimum amount of emulsifier used and demonstrated the highest anticandidal activity. Within the eight hours of immersion, the formula effectively reduced  C. albicans biofilms fo...
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