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ABSTRACT

Virgin coconut oil has been used for oil pulling, which helps to
promote oral health and can inhibit oral fungi. Due to 15-20 minutes
of rinsing time, oily taste, and instability of lately developed
mouthwashes, this present study aimed to develop a mouthwash
formula from virgin coconut oil with good stability and appropriate
rinsing time to inhibit Candida albicans in biofilm. The formulation
results showed that the mixed emulsifiers between tween 80 and
span 80 at the ratio of 40:60 were appropriate to use as the mixed
emulsifier of virgin coconut oil. After the formulation, seven
mouthwash formulas including F5 (10:25:65), F21 (20:20:60), F36
(30:20:50), F49 (40:20:40), F59 (50:15:35), F67 (60:10:30) and
F73 (70:5:25) which comprised the ratios among virgin coconut oil:
mixed emulsifier: distilled water, respectively, exhibited the stable
emulsion by using the lowest mixed emulsifier in each ratio. Results
from the XTT assay at various exposure times demonstrated that a
five-minute exposure with formula F73 exhibited the highest
inhibitory activity against C. albicans biofilm with a significant
difference compared to other formulas. To confirm the anticandidal
activity, the F73 formula could inhibit the growth of C. albicans after
enumerating the colonies with an exposure time of five minutes. It
may be concluded that the appropriate virgin coconut oil mouthwash
was formulated at the ratio of coconut oil: mixed emulsifier: distilled
water at 70:5:25 and could inhibit C. albicans after five minutes of
exposure.
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INTRODUCTION

Fungal infection is one of the main clinical problems resulting from the
extensive use of broad-spectrum antibiotics and immunosuppressive therapy.
Candidiasis is the most common opportunistic fungal infection in the oral cavity.
It is primarily caused by the overgrowth of C. albicans (Kim et al., 2011). Currently,
topical antifungal agents, such as polyenes, echinocandins, and azoles have been the
standard treatment for oral candidiasis treatment (Garcia-Cuesta et al., 2014).
However, these synthetic compounds also showed some adverse effects. Natural or
herbal extracts may be alternative options to reduce oral infection with few adverse
effects in the bacterial reduction (Sookkhee et al., 2001), inhibition of plaque
development (Amith et al., 2007; Asokan et al., 2009), prevention of caries and
gingivitis (An et al., 2008; Peedikayil et al., 2015), relief of dry mouth (Ludwar
et al., 2022), reduction of bad breath (Asokan et al., 2011a), and inhibition of fungal
growth (Ogbolu et al., 2007; Owittayakul et al., 2018). One of these options was
vegetable oil pulling for promoting oral hygiene (Shanbhag, 2017). Coconut oil is
popular in several trending diets and exhibits clinical action for preventing fat
deposition in blood vessels and reducing oxidative stress (Carandang, 2008).
Coconut oil pulling produces a clean feeling, pleasing scent, reducing oral malodor
but it has an oily taste and requires a long duration of rinsing. Lastly, mouthwash
formulated among virgin coconut oil, propylene glycol, and distilled water at the ratio
of 60:30:10 was reported (Intarakaewsri et al., 2020). Its activity against the biofilm
of C. albicans ATCC 10231 was not statistically different after being compared with
nystatin at 100,000 U/ml for ten minutes (P >0.05). Virgin coconut oil from cold
extraction has a nice fragrance and is tasty. Coconut oil contains medium-chain fatty
acids (MCFA), tocopherols (Vitamin E), tocotrienol, phytosterols, phytostanols,
flavonoids, and other polyphenols (Carandang, 2008). A saturated fatty acid is mainly
in this oil. The important antimicrobial medium-chain fatty acids, lauric acid (C12:0),
capric acid (C10:0), and caprylic acid (C8:0) are reported as the ingredients of this
oil at 36.95, 4.67, and 0.54% (Wang et al., 2015). Bergsson et al. (Bergsson et al.,
2001) reported the significant anticandidal activity of fatty acids, namely capric acid
and lauric acid, and monoglycerides, namely monocaprin (10:0) contained in coconut
oil after ten minutes of testing. They also reported the probable mechanism of 10
mM capric acid after incubating with candidal cells for 30 minutes. Transmitted
electron microscope results demonstrated the disruption of the plasma membrane of
candida cells, vacuole disorganization, and disappearances of the nucleus and
mitochondria (Bergsson et al., 2001). Therefore, the advantages of coconut oil
pulling to oral hygiene are the antifungal effect of the fatty acids, and its
saponification as the cleansing action due to the conversion reaction of triglyceride
to glycerine (Asokan et al., 2011a). Another advantage is caused by the
emulsification effect that increased the surface reaction of oil particles. The study by
Owittayakul et al. reported the satisfaction of users after rinsing orally with the
formulated coconut oil mouthwash (Owittayakul et al., 2018). Feeling of oral
cleanliness (80%), pleasant scent (60%), and reduction of oral malodor (60%) were
the primary reasons for users who desired to continue use. On the other hand, the
long rinsing time (76.5%), feeling of oily taste (16.7%) and the worry of the
numbness of the tongue which may be an adverse reaction (11.8%) were the primary
reasons for users who rejected continuing its use (Owittayakul et al., 2018). The
application of emulsifiers is the difference of virgin coconut oil mouthwash from the
coconut oil pulling. Emulsion status of coconut oil can increase the surface reaction
of antimicrobial activity. The emulsifier also affects to decrease the surface tension
and increase the emulsion status (Tadros, 2009), and also maintains the hydrophile-
lipophile balance (HLB) of w/o emulsion of virgin coconut oil mouthwash
approximately 8 = 1 as well as Intarakaewsri et al. 's study (Intarakaewsri et al.,
2020). Although propylene glycol was utilized as the emulsifier and solvent in their
study. The formulation was not stable. The finding of other emulsifiers for more stable
mouthwash is required. The factors affecting the stable anticandidal mouthwash are
also investigated in our study. In the present study, we hypothesized that the kind
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and percentage of applied emulsifier can affect the stability and anticandidal activity
of coconut oil mouthwash, and the duration of rinsing mouthwash at 2-20 minutes
did not affect anticandidal activity in the biofilm. Therefore, the aims of the present
study were to formulate the stable anticandidal coconut oil mouthwash, investigate
the appropriate time for inhibit the biofilm of one standard and three clinical isolates
of C. albicans.

MATERIALS AND METHODS

Development of virgin coconut oil mouthwash
Virgin coconut oil preparation

Cold-pressed coconut oil (CoCo Delight, Lot NP630107, GPO, Pathumthani,
Thailand) was chosen as the virgin coconut oil.

emulsion preparation

Tween 80 (polysorbate 80; Batch DO013RA312, Krungthepchemi Ltd., Lad
Prao, Bangkok, Thailand.) and Span 80 (Batch SMOML0321, Top Inno Tec Co., Ltd.,
Suan Luang, Bangkok, Thailand) with HLB 15 and 4.3 were the studied emulsifiers in
our emulsion developments. Various ratios of these chemicals including 100:0,
80:20, 60:40, 40:60, 20:80, and 0:100 was established and then mixed as the
emulsifier for preparing the emulsions. Distilled water, coconut oil and the mixed
emulsifier at the combination ratio of 25:70:5 were mixed with a homogenizer
(CDEKTM, FSH-2A, Pioway Medical Lab Equipment Co., Ltd., Nanjing, Jiangsu, China)
at 10,000 rpm for five minutes.

Emulsion stability test

After the homogenization was completed, two ml of the emulsion was aliquoted
into the tested bottle. The emulsion stability of each bottle was tested in five
incubation cycles of the conversion between 35°C for 12 hours and 5°C for 12 hours.

% residual stability was calculated = the height of emulsion at the end of test * 100
the height of emulsion at the begin

The mixed ratio of two emulsifiers that exhibited the highest % stability of any
emulsion was selected to use as the mixed emulsifier in further investigation. (Figure
1) Factors of ingredient composition affect the stability of the emulsion. Each
ingredient composition in the emulsion was varied as shown in Table 1 for preparing
each formulation before evaluating their stability as described above. The
formulations which exhibited high stability were observed. In the same ratio of
coconut oil, the stable formulations which contained the lowest quantity of emulsifier
were selected for further investigation (Figure 2).

Determination of pH (Sanjeewani, 2013)

The pH value of each emulsion formulation was determined in triplicate at 28°C
by using pH meter (pH-686, Yieryi™, Shen Zhen Yage Technology Co., Ltd.,
Shenzhen, Guangdong, China).

Determination of viscosity (Wiyani et al., 2016)

Fifty ml of each emulsion was evaluated for its viscosity by using a rotary
viscometer (RM-1(NDJ-1) rotary viscometer, Wand J Instrument Co., Ltd., Mudu,
Jiangsu, China) with the spindle at 28°C. Viscosity was demonstrated in
millipascalseconds (mPa.s) with the coefficient at the spindle.
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Table 1. Formulations of virgin coconut oil mouthwash.

Formula % w/v Formula % w/v

Coconut Mixed Distilled Coconut Mixed Distilled
oil emulsifier water oil emulsifier water
F1 10 5 85 F42 30 50 20
F2 10 10 80 F43 30 55 15
F3 10 15 75 F44 30 60 10
F4 10 20 70 F45 30 65 5
F5 10 25 65 F46 40 5 55
F6 10 30 60 F47 40 10 50
F7 10 35 55 F48 40 15 45
F8 10 40 50 F49 40 20 40
F9 10 45 45 F50 40 25 35
F10 10 50 40 F51 40 30 30
F11 10 55 35 F52 40 35 25
F12 10 60 30 F53 40 40 20
F13 10 65 25 F54 40 45 15
F14 10 70 20 F55 40 50 10
F15 10 75 15 F56 40 55 5
F16 10 80 10 F57 50 5 45
F17 10 85 5 F58 50 10 40
F18 20 5 75 F59 50 15 35
F19 20 10 70 F60 50 20 30
F20 20 15 65 F61 50 25 25
F21 20 20 60 F62 50 30 20
F22 20 25 55 F63 50 35 15
F23 20 30 50 F64 50 40 10
F24 20 35 45 F65 50 45 5
F25 20 40 40 F66 60 5 35
F26 20 45 35 F67 60 10 30
F27 20 50 30 F68 60 15 25
F28 20 55 25 F69 60 20 20
F29 20 60 20 F70 60 25 15
F30 20 65 15 F71 60 30 10
F31 20 70 10 F72 60 35 5
F32 20 75 5 F73 70 5 25
F33 30 5 65 F74 70 10 20
F34 30 10 60 F75 70 15 15
F35 30 15 55 F76 70 20 10
F36 30 20 50 F77 70 25 5
F37 30 25 45 F78 80 5 15
F38 30 30 40 F79 80 10 10
F39 30 35 35 F80 80 15 5
F40 30 40 30 F81 90 5 5
F41 30 45 25

Microscopic observation of emulsion particle (Wiyani et al., 2016)

Oil in water (O/W) emulsion appearance was observed under the microscope
(Olympus BX41TF, Olympus Optical Co., Ltd., Tokyo, Japan). Two drops of the
emulsion were placed on the glass slide before being mixed with methylene blue
(water-soluble stain), and then covered with a glass cover slip.
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Anticandidal activity against C. albicans biofilms of virgin
coconut oil mouthwash formulas

C. albicans strains

The standard reference strain of C. albicans ATCC 10231 was purchased from
the bacterial culture bank of the Sciences and Technology Institute of Thailand. Three
tested strains were isolated from patients who were diagnosed with oral candidiasis
at the Oral Diagnosis Clinic and confirmed as C. albicans on HiCrome™ Candida
Differential agar (Himedia, Mumbai, India) at Medical Science Laboratory, Dental
Hospital, Faculty of Dentistry, Chiang Mai University, Chiang Mai, Thailand. All strains
were separately cultured in Sabouraud Dextrose Broth (Difco™; Bacton Dickinson,
Sparks, MD) supplemented with 1% glucose (Lot BCCD2059, ACS reagent, Sigma-
Aldrich Co., St.Louis, MO.) at 37°C for 24 hours under aerobic condition. At the end
of incubation, one ml of culture was centrifuged at 2000 rpm/minute for ten minutes.
Cell-free supernatant was then omitted. Candidal cells were resuspended with 1 mi
of Phosphate Buffer Saline (PBS) and then adjusted the optical density at 600 nm to
be equal to McFarland No.1 (10° CFU/ml) (Yuan et al., 2019).

Subjects and saliva collections

Ten ml of each unstimulated saliva was collected from three subjects who
exhibited good oral hygiene with simple random sampling. Two hours before the
collection, the subject received the guidelines to stop eating, drinking, and cleaning
the oral cavity (Fenoll-Palomares, 2004; Muddugangadhar, 2015). Each collected
saliva was centrifuged at 10,000 rpm, 4°C for 30 minutes (Thaweboon et al., 2011),
and then the supernatant part of saliva was separately passed through 0.45 pm of
the sterilized membrane (Puridisc™ 25mm, Lot. 17024407, GE Healthcare UK Ltd.,
Buckinghamshire, UK). To produce the pellicle, 50 ul sterilized saliva was dropped
into each well of a 96-well plate with a flat bottom shape. The 96-well plate was
incubated at 37°C for two hours, and then washed twice with 200 pul of PBS solution.
The prepared pellicle of each well was conducted to confirm the missing bacterial and
yeast contaminations by using the spreading technique on blood and Sabouraud
Dextrose agars under the incubation condition at 37°C for 24 hours.

Biofilm formation of C. albicans on the bottom surface of 96-well plate

One hundred ul of each isolate of C. albicans which adjusted the optical density
to McFarland No. 1 was dropped into each well of the pellicle-prepared 96-well plate.
One hundred pl of Sabouraud Dextrose broth supplemented with 1% glucose was
also separately dropped into each well. The tested 96-well plate was then incubated
at 37°C for 1.5 hours (Santos, 2016) for initial adherence. After the end of incubation,
the whole supernatant in each well was gradually drained out before being washed
twice with 200 pl of PBS solution. One hundred pl of Sabouraud Dextrose broth
supplemented with 1% glucose was immediately dropped into each well and replaced
every 24 hours until the complete incubation at 48 hours. After the end of incubation,
the whole supernatant in each well was completely drained before being washed
twice with 200 uyl of PBS solution. The growth of candida biofilm was considered
before carried out to further experiments.

Inhibition of C. albicans in biofilm by chlorhexidine gluconate

Minimal fungicidal concentration (MFC) of chlorhexidine gluconate, the positive
control of mouthwash, against C. albicans in biofilm was determined at 48 hours of
incubation. Briefly, one hundred ml of 2% chlorhexidine gluconate was serially diluted
into a 96-well plate until the concentration was at 0.003% with sterilized distilled
water. Each well of the tested 96-well plate was then completely sealed with Breathe-
Easier® sealing membrane (Breathe-Easy®, Sigma-Aldrich Co., St.Louis, MO.) for
protecting the contamination of any wells (Gulati et al., 2018). The tested 96-well
plate was vertically placed on the stand of an orbital shaker (orbital shaker KJ-201BD,
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Hinotel Co., Ltd., Ningbo, China), and then shaken at a rotating speed of 210 rpm
(Gulati et al., 2018) for imitating the mechanical force in the oral cavity when used
the mouthwash. The shaking time varied from 2, 5, 10, and 20 minutes. At the end
of shaking time, the 96-well plate was normally placed on the bench. The sealing
membrane was removed. The biofilm was washed twice with 200 ul of PBS solution.
The biofilm in each well was completely removed and resuspended with Sabouraud
Dextrose broth before enumerating on Sabouraud Dextrose agar at 37°C under
aerobic condition for 24 hours. MFC of chlorhexidine gluconate was determined.

Inhibition of C. albicans in biofilm at the different times of exposure with
each virgin coconut oil mouthwash formula and its base by XTT reduction
assay

The selected formulas of coconut oil mouthwash and their bases from
the above investigation were carried out to determine the inhibitory activity of
C. albicans in biofilm at different times of exposure such as 2, 5, 10, and 20 minutes.
Chlorhexidine at MFC and the PBS solution in a well of the 96-well plate were the
positive and negative controls, respectively. XTT reduction assay was performed to
determine the inhibitory activity against C. albicans. One hundred ml of each tested
formula or each formula base was dropped into each well of the 96-well plate. All
wells were completely sealed with sealing silicone membrane before being vertically
placed on the orbital shaker. The exposures of biofilm to each tested formula or each
formula base were shaken at 210 rpm at 2, 5, 10, and 20 minutes. After finishing,
the tested plate was normally placed on the bench before removing the sealed
membrane. The whole supernatant in each well was completely drained out and
washed twice with PBS solution.

The XTT solution was freshly prepared as follows. XTT powder (XTT sodium salt,
Lot RO5H095, Thermo Fisher Scientific, Waltham, MA.) was solved in PBS to the final
concentration of 0.5 mg/ml. Phenazine methosulphate powder (Sigma-Aldrich, Lot
079M4198V, St. Louise, M0O.) was solved in distilled water to the final concentration
of 0.32 mg/ml. The working solution was freshly prepared in the ratio of 9:1. One
hundred pl of the working solution was dropped into the biofilm of each well. The
tested 96-well plate was incubated at 37°C for 30 minutes. At the finish of incubation,
the 96-well plate was carried out to determine the optical density at 492 nm by using
a Sunrise Tecan® absorbance microplate reader (Tecan Group Ltd., Mannedorf,
Switzerland). Due to the XTT assay being the colorimetric technique for determining
the enzymatic activity of viable candidal cells, the inhibition of each tested
mouthwash formula was calculated by comparing with the positive and negative
control utilizing the following formulars.

% inhibition of mouthwash formula = OD492tested formula-OD492PBS *100
0OD492chlorhexidine-OD492PBS

% differential inhibition of mouthwash formula compared with its emulsion base

= %inhibition of tested formula-%inhibition of its base *100

%inhibition of tested formula

Confirmation of anticandidal activity in biofilm by enumeration of Candidal
colonies

Anticandidal activity in biofilm was performed in 96-well plates. The experiment
was described above but not carried out to perform with an XTT working solution.
Two hundred pl of PBS solution was dropped into each well before thoroughly
resuspending with a micropipette until the complete disruption of biofilm. The whole
suspension in each well was separately removed to a new Eppendorf tube. Eight
hundred pl of PBS solution was mixed into this tube and then mixed with a vortex
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mixer for three minutes. Ten-fold dilution with PBS solution was performed in the
new tube. One hundred pl of each tube was spread on Sabouraud Dextrose agar. All
tested plates were incubated at 37°C under aerobic condition for 24 hours before the
Candidal colonies were enumerated by using Image J software. The total amount of
C. albicans in the original tube was calculated in CFU/ml. The percentage of
anticandidal activity of the selected mouthwash formula was determined after
compared with the experiment of chlorhexidine gluconate and PBS solution as the
positive and negative control, respectively.

% inhibitory activity of mouthwash formula = CFU/mlI of tested formula-CFU/ml of PBS *100
CFU/mlI of chlorhexidine- CFU/ml of PBS

Statistical Analysis

Two-way ANOVA and Tukey’s multiple comparisons at P <0.05 were performed
as the statistical analysis in the present study by using the software IBM SPSS
Statistics for Windows Version 25 (IBM Corp., Armonk, NY, USA).

RESULTS

Results in Figure 1 showed the stabilities of these emulsifiers (Tween 80: Span
80) that mixed before formulating the mouthwash were varied from 28.25% to 100%
at the ratio 60:40 (HLB = 10.72), and 40:60 (HLB = 8.58), respectively. From this
result, the mixed ratio of these emulsifiers at 40:60 was used as the mixed emulsifier
in further investigations.

Figure 1. Percentage emulsion stability of various ratios between tween 80:
span 80 which formulated in mouthwash formula and their HLB values.

After formulating all mouthwash formulas at the ratio of Tween 80: Span 80 at
40:60 with the varied ratio between coconut oil, distilled water, and mixed emulsifier,
81 mouthwash formulas were developed and also evaluated for their % stability
(Figure 2). It was found that 23 mouthwash formulas demonstrated high stability at
100% of the emulsion. However, we selected only the formula that contained the
lowest amount of emulsifier in the same amount of coconut oil as shown in Figure 3.
Seven formulas including F5, F21, F36, F49, F59, F67, and F73, were selected as the
high emulsion stability of mouthwash formulas that contained the lowest amount of
mixed emulsifier after compared with the same amount of coconut oil at 10%, 20%,
30%, 40%, 50%, 60%, and 70%, respectively.
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100
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Virgin coconut oil

Figure 3. Ternary phase diagram of each coconut oil mouthwash formulation
that exhibited % content of each ingredient. The numbers in the circle were the
mouthwash formulas that demonstrated high emulsion stability. ***, the selected
formula that contained the lowest amount of emulsifier after being compared with
the same amount of coconut oil.

Their pH, viscosity, and microscopic appearance under the microscope were
exhibited in Table 2. They were weak alkali. Their viscosities varied in a range of
81.00 to 1976.00 mPa.s. Their emulsion appearances were oil in-water (O/W) after
being observed under a microscope (Figure 4). As the mouthwash control, MFC of
chlorhexidine gluconate was determined at various exposure times against each
C. albicans tested isolates. Results revealed MFC of chlorhexidine gluconate was
gradually decreased after being exposed for a longer time (Table 3).

Table 2. Physical characteristics of each selected coconut oil mouthwash.

Ratio of coconut oil (C): Microscopic

Formula Mixed emulsifier (E): pH ‘?:;’:ist)y appearance
Distilled water (W) : of emulsion
F5 C10 E25 W65 7.34+0.02 81.00 £7.42 o/W
F21 C20 E20 W60 7.34+£0.02 183.00 £ 6.71 o/W
F36 C30 E20 W50 7.35+0.02 286.00 + 8.94 o/W
F49 C40 E20 W40 7.43+0.01 982.00 + 10.95 o/W
F59 C50 E15 W35 7.47 £0.02 954.00 + 16.73 o/W
F67 C60 E10 W30 7.55+0.01 952.00 + 30.33 o/W
F73 C70 E5 W25 7.76 +0.03 1976.00 + 16.73 o/W
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(@

Figure 4. Oil-in-water emulsion appearance of each selected coconut oil
mouthwash formula (a) F5 (b) F21 (c) F36 (d) F49 (e) F59 (f) F67 (g) F73
after observed under microscope.

Table 3. MFC of chlorhexidine gluconate, the positive control, against C. albicans in
biofilm at various exposure times.

C. albicans isolates MFC (%w/v) at the exposure time (minutes)
2 5 10 20
Reference standard ATCC 10231 0.25 0.25 0.125 0.125
Oral isolate from patient 1 0.25 0.25 0.062 0.031
Oral isolate from patient 2 0.25 0.25 0.125 0.062
Oral isolate from patient 3 0.25 0.125 0.062 0.031

To determine the inhibition of C. albicans biofilm of mouthwash formulas by
XTT reduction assay, the activity of the mixed emulsifier base of each mouthwash
formula was also determined. It was shown that the anticandidal activity of a 5%
mixed emulsifier was detected as shown in the result of Figure 6. Therefore, the
percentage of actual inhibition of mouthwash formulas after being calculated with the
activity of mixed emulsifier was exhibited in Figure 5. It was revealed that the activity
of mixed emulsifier bases in four formulas including F5, F21, F49, and F59 was higher
than the actual activity of coconut oil with an exposure time of two minutes. Results
were shown very low median values of %inhibition. It also detected the higher
activity of mixed emulsifier bases of F5, F49, and F59 formulas after being exposed
for 5 minutes. The activity of formula F49 was also lower than the activity of mixed
emulsifiers as shown as the lowest inhibition at 10 and 20 minutes of exposure times.
Most of the selected formulas demonstrated the actual activity of coconut oil at ten
minutes. Due to the large inter quartile rank of F73 at the exposure time of two
minutes, significant activity was not detected after compared with formula F5, F21,
F36, F49, F59 and F67 (P = 0.11, 0.115, 0.15, 0.113, 0.107 and 0.139), respectively.
At the exposure time of five minutes, the highest significant activity was detected in
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formula F73 after being compared with formula F5, F21, F36, F49, and F59 (P =
0.013, 0.010, 0.014, 0.005, 0.021) except F67 (P = 0.112), respectively. At the
exposure time of ten minutes, the highest significant activity was detected in formula
F73 after being compared with formula F5, F21, F49, F59, and F67 (P = 0.026, 0.031,
0.004, 0.007, 0.011) except F36 (P = 0.186), respectively. At the exposure time of
20 minutes, the highest significant activity was detected in formula F73 after being
compared with formula F5, F36, F49, and F59 (P = 0.01, 0.047, 0.008, 0.007) except
F21 and F67 (P = 0.181 and 0.247), respectively. It was found that this formula
exhibited higher anticandidal activity than the activity of its emulsifier base. It may
be due to the lowest percentage of mixed emulsifier base used in this formula (5%),
and the highest percentage of coconut oil (70%).

Times

M 2min
100
W 5min

| i
| ;s ||‘ mn «!““!

F5 F21 F59 F73

%Inhibitions

(]
o

o

Formulas

Figure 5. Percentage of inhibition against C. albicans in biofilm of each
selected coconut oil mouthwash formula with exposure time at two minutes
(blue), five minutes (red), ten minutes (green), and 20 minutes (orange).
Interquartile rank at Q1 (lower bar), Q3 (upper bar), and the median value (inner
bar) were also demonstrated. *, the significant difference at P < 0.05.

Anticandidal activity of coconut oil mouthwash formula f73 by using colony
enumeration (CFU/ml)

To confirm the inhibition of C. albicans biofilm by colony enumeration, it was found
that the activity of formula F73 was significantly different among the exposure time
of two or five minutes after comparison with the activity at 20 minutes. Moreover,
the anticandidal activities of formula F73 at the exposure time of 5, 10, and 20
minutes were significantly different from the activity of a 5% mixed emulsifier at the
same exposure time. It could be suggested that the formula F73 which possessed
the highest inhibitions at each exposure time against C. albicans biofilm, especially
at five minutes was performed to investigate the anticandidal activity (Figure 6).

Nat. Life Sci. Commun. 2023. 22(1): e2023016

Open access freely available online


https://cmuj.cmu.ac.th/

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

i Formulas
100 MF73
! %* ' B Actual activity of F73
[ 1 # W 5%mixed emulsifier

80 # I
P —
=
©
©
s 60 #
o 1
c
©
L
§ 40
= N

20 I i i .

| -
0 : I i . :
2min 5min 10min 20min
Times

Figure 6. Box chart of anticandidal activity of F73 coconut oil mouthwash
(blue box) after compared with its mouthwash base containing same ratio
(5%) of mixed emulsifier (green box) at various exposure times. The actual
anticandidal activity of coconut oil in F73 at various times was calculated and shown
in the red box. Data shows their median values (middle bar in the box), Q1, (black
lower bar), and Q3 (black upper bar). *, the significant difference at P < 0.05.

DISCUSSION

In the present study, we would like to focus on the emulsion formation of virgin
coconut oil for preserving its anticandidal efficacy. Theoretically, the formation of
emulsion is caused by three important compositions including virgin oil, emulsifier,
and distilled water. The ratio between the virgin coconut oil and the mixed emulsifier
may be affected by the different stabilities of the emulsion. However, the property of
the emulsifier is important for the recruitment of emulsifiers in the present study.
The first inclusion criterion was mentioned on the chemical that had been reported
to apply as the stable emulsion. Secondly, it should be a non-ionic surfactant because
of the little bubble production, no irritation, and no disturbance from the acid-base
effect. Thirdly, the HLB of the formed emulsion should be proper for the objectives
and utilization of the product. Additionally, the mixed ratio between Tween 80 and
Span 80 was also considered for setting the HLB value of the mixed emulsifier at
8.58 because the different values of HLB were made from the other ratio of Tween
80 and Span 80 from the present study. Tubtimsri et al. (Tubtimsri et al., 2015)
reported that the HLB value, 12 and 13, of these emulsifiers can be proper for
formulating the stable emulsion of 20% modified coconut oil. While the stable
emulsion was also reported by Wiyani et al. (Wiyani et al., 2016) after being
formulated from 80% virgin coconut oil and a mixed emulsifier that possessed an
HLB value of 8.58. From the last report, we would like to confirm that the mixed
emulsifier with an HLB value of 8.58 can form the stable emulsion of a high
percentage of virgin coconut oil and applied the mixed emulsifier at this HLB value
for our formulation. As the compositions of emulsion in the present study, the
sterilized distilled water that possessed a pH value of 6.24 was selected as well as
virgin coconut oil that was extracted under cool conditions and resulted in the
odoriferous smell and the preservation of chemical compounds.
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According to the ternary phase diagram, we determined the effect of each
component phase behavior on the stability of formulated emulsions as slightly
modified from the study of Gani and Adisah (Gani et al., 2015). The narrow range of
the virgin coconut oil in the earlier study gave large numbers of formulations and
demonstrated similar results in a group of formulations. We modified the range of
the oil phase in a ternary diagram from 5% to 10%. A reduction in the number of
the formulation was observed. This extending range also resulted in decreasing the
similarity of the formulation group. On the other hand, we aimed to discover the
minimal ratio of mixed emulsifiers applied in the formulation of the stable emulsion.
A narrower percentage of mixed emulsifiers in the formulation was required in our
study from 10% to 5%. This modification of the mixed emulsifier resulted in 81
formulations in the present ternary phase diagram. According to our ternary phase
diagram, the stable emulsions could be observed in 23 formulations (28.40% of total
formulations) which consisted of the range of virgin coconut oil and mixed emulsifier
between 10-70%, and 5-45%, respectively. After compared in each percentage of
virgin coconut oil, the minimal use of a mixed emulsifier to form a stable emulsion
was considered. Therefore, seven formulations contained different ratios of three
phases. They were the stable emulsion carried out to further study the ability to
inhibit the candida growth in the biofilm of these formulations.

In the present study, the in vitro inhibition of C. albicans growth in biofilm was
determined to be slightly modified from the method described by Gulati et al. (Gulati
etal., 2018). XTT reduction assay was performed to analyze the relationship between
candidal cellular density and its metabolic activity by the observation of colorimetric
spectrophotometry as studied by Hawser et al. (Hawser et al., 1998), and Honraet
et al. (Honraet et al., 2005). The study by Agarwal et al (Agarwal et al., 2008)
revealed that coconut oil possessed slightly lower anticandidal activity than the other
tested plant oils, for example, eucalyptus oil, peppermint oil, ginger oil, and clove oil.
To determine the inhibition of C. albicans growth in biofilm, an XTT reduction assay
was performed to evaluate the activity of seven selected formulas of coconut
mouthwash that exerted the stable emulsion in the present study.

In contrast to the results reported by Agarwal et al. (Agarwal et al., 2008), we
found that the highest inhibition of candida growth was shown in the formula which
contained 70% coconut oil, the largest amount of coconut oil in our study. Moreover,
we found that the largest enhancement of activity was demonstrated in this formula.
It may be suggested that the optimal formation of emulsion among coconut oil, mixed
emulsifier and distilled water could result in the increase of small droplets of oil,
increase the oil surface that reacts to the candida cells, and then affected the increase
of candida growth inhibition as well as the report of Eshtiaghi et al. (Eshtiaghi et al.,
2011). After the highest inhibition of candidal growth in biofilm was found in the test
of formula 73 which consisted of 70% coconut oil, 5% mixed emulsifier, and 25%
distilled water, this inhibition was confirmed by counting the residual colony-forming
units. Results revealed the confirmation of candidal inhibition with the reduction of
colony forming unit of tested candida. Wang et al. (Wang et al., 2015) hypothesized
that the inhibition of coconut oil may be due to the anticandidal effect of lauric acid,
the most common fatty acid found in coconut oil. The report of Bergsson et al.
(Bergsson et al., 2001) described that lauric acid exhibited higher anticandidal
activity than other fatty acids. The study of Asokan et al. (Asokan et al., 2011b)
reported that coconut oil pulling within five minutes can result in the saponification
and dissociation of coconut oil. Depending on the time exposure, the sizes of fat cells
were decreased and formed the complete emulsion. Moreover, the increase of
mechanical force from shaking and the increase in exposure time can result in the
production of homogenous small oil molecules. It may be suggested that the increase
of oil surface from homogenous small oil molecules with longer exposure can enhance
the inhibition of C. albicans growth in biofilm. The result obtained from our study
may be applied as the implementation of coconut oil mouthwash for inhibiting the
oral candida infection by using about 10-15 ml with five minutes of washing. We
found that the emulsion of coconut oil mouthwash was more viscous than the virgin
coconut oil. This viscosity may affect the increase of pulling force. Therefore, further
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study to reduce the viscosity of the formulation will be considered. This formulation
impacts the implementation of coconut oil mouthwash for use with the patients.
However, the production of this mouthwash on a large scale will be of concern to the
compatibility of oil-water emulsion of this mouthwash.

CONCLUSION

The results of our present study revealed that the ratio of three phase
components (coconut oil: mixed emulsifier: distilled water), and the exposure time
of mouthwash were the affecting factors towards the inhibition of candida growth in
biofilm. After formulation of coconut oil mouthwash, formula F73 gave the stable
emulsion with the lowest mixed emulsifier used and possessed the highest
anticandidal activity especially at least five minutes of exposure time. This
formulation was made from the ratio of three phase components at 75: 5: 25. The
research about safety tests and clinical trials in the volunteers will be further done
soon for controlling the oral candida infection and improving oral hygiene in the
elderly.
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