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Background and Aim:The antibacterial effects of coconut products have been
extensively studied in the recent years. Due to the high prevalence of periodontal
disease and the role of Aggregatibacter actinomycetemcomitans (A. actinomycet-
emcomitans) in periodontitis, antimicrobial agents can be effective in controlling
this condition. This study aimed to evaluate and compare the antimicrobial effects of
coconut water and coconut oil on A. actinomycetemcomitans.

Materials and Methods: Coconut water was extracted by cracking a coconut, and
coconut oil was extracted by an oil-pressing machine by the cold pressing method
at -50 'C. The disc diffusion test was carried out on 4 plates containing coconut oil,
coconut water, positive control, and negative control to measure the diameter of
growth inhibition zone. The minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) were determined. All tests were repeated 3 times.
Results: Coconut oil in 100% concentration showed no antibacterial effect on A.
actinomycetemcomitans in the disc diffusion test. Thus, the MBC and MIC were
not determined for the coconut oil. Coconut water demonstrated a bactericidal effect
with 11, 9, and 0 mm growth inhibition zone diameter on 3 consecutive repetitions.
According to independent t-test, a significant difference existed between the diam-
eter of growth inhibition zone caused by coconut oil and positive control (P=0.001).
Conclusion: Coconut oil showed no antibacterial effect on A. actinomycetemcomi-
tans, and the antibacterial effect of coconut water on A. actinomycetemcomitans was
very weak.
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Introduction

Herbal medications have become an increas-
ingly popular therapeutic alternative to synthetic
medications amongst the general population.!V
Coconut, with the scientific name of Cocos nucif-
era L, has attracted the attention of scholars due
to its abundance in tropical regions, low carbo-
hydrate content, and antibacterial property.” The
anti-bacterial property of coconut is thought to
be attributed to lauric acid, a fatty acid, that ac-

counts for 50% of the fat content of the coconut.
)

Coconut products are available in various forms,
two of which are coconut water and coconut oil.
In vitro studies have documented the antibacte-
rial effect of coconut oil on Streptococcus mu-
tants and Candida species®¥, and coconut water
on Candida albicans and Klebsiella pneumoniae
.® Also, a control-free clinical trial showed that
topical application of coconut oil led to a reduc-
tion in inflammation and plaque index in patients
with plaque-free gingivitis.”
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Periodontitis is one of the most common
oral diseases® affecting about 20-50% of the
world’s population.® Periodontitis develops and
progresses due to the activity of a small group
of generally Gram-negative and anaerobic bac-
teria that proliferate in the subgingival space;
the three commonly involved pathogens include
Porphyromonas gingivalis, Bacteroides forsy-
thus, and Aggregatibacter actinomycetemcomi-
tans (A. actinomycetemcomitans).!'” Scaling and
root planing with mechanical plaque control are
known as the primary treatment for periodontitis.
Nevertheless, many patients lose their teeth due
to the related diseases despite successive dental
visits.') A. actinomycetemcomitans is a Gram-
negative anaerobe that is associated with invasive
localized periodontitis and is suspected to be in-
volved in chronic periodontitis. It can defeat the
immune system by producing a leukotoxin, a cell
cycle-modifying protein, and it can also bond to
the host’s matrix and attack the cells.""? Consid-
ering the prolonged process and high costs asso-
ciated with conventional periodontal therapy, it is
prudent to consider effective and cheaper thera-
pies. Therefore, topical antimicrobial agents have
been studied as an alternative approach for treat-
ment of periodontitis.!'® To our knowledge, there
are no in vitro studies on the effect of coconut
products on oral pathogens other than Candida
albicans and Streptococcus mutans.®> Consider-
ing that coconut water has been proven effective
against Klebsiella pneumoniae, a Gram-negative
bacterium ©, as well as the important role of A.
actinomycetemcomitans, which is also a Gram-
negative bacterium, in development of periodon-
tal disease, and the availability and convenient
application of coconut water as compared with
its oil, we sought to investigate the antimicrobial
effects of coconut water and coconut oil on A.
actinomycetemcomitans.

Materials and Methods

This in vitro study was approved by the
ethics committee of Shahid Beheshti Univer-
sity of Medical Sciences (IR.SBMU.RIDS.
REC.1396.581). The coconut used in this study
was imported from Philippines. Due to the age
of coconuts being unknown, we selected three
coconuts and mixed their products. To extract
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coconut water, the coconuts were cracked and
water was drained. Oil extraction was carried out
at a temperature of -50°C using a coconut oil ex-
traction machine under a cold pressing process
(Iran Cold Pressing Co., 35 caliber model, Iran).
Coconut water and coconut oil were sterilized by
a 0.2-micron syringe filter (bio file Co, Canada).
The concentration of coconut water and coconut
oil was 100%.

A. actinomycetemcomitans colonies (JP2,
Nov99) were transferred to 5 mL of brain heart
infusion (BHI) broth (Merck Co., Germany). The
tube containing the medium and bacteria was
then placed in an incubator (Mmert Co, Germa-
ny) at 37°C in an anaerobic jar (Afshar equip-
ment Co., Iran) for 72 hours using a Gas-Pak A
(Anaerocult™ A; Merck Co., Germany) to allow
the bacteria to proliferate and reach the desired
concentration. Bacterial concentration was then
analyzed by a spectrophotometer (Uniko Co.,
Germany) at 600 nm wavelength. The optical
density to reach 0.5 McFarland standard concen-
tration should be equivalent to 0.08-0.1. Bacteria
were subsequently collected by a loop and streak-
cultured on BHI agar medium (Merck Co., Ger-
many) (Figure 1).

Figure 1: Streak-culture of bacte
ria on BHI agar medium

Agar-well diffusion assay:

In the next step, the BHI broth agar medium
was divided into four sections, and in each sec-
tion, a well was created with 5 mm diameter and
5 mm depth in the agar using a sterile punch.
The sections were allocated to coconut oil, coco-
nut water, positive control (0.2% chlorhexidine;
NAJO Co., Iran), and negative control (saline;
Merck Co, Germany) (Figure 2).
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Figure 2: BHI agar medium pre-
pared for the well-plate test

Coconut oil and coconut water were passed

through a 0.2-pm filter and poured into the re-
spective wells using a sampler (Socorex Co.,
Switzerland) in an amount of 50 pL. The lids
were then closed (Azarbin Co., Iran), and the
plates were placed in an incubator as previously
described. Upon removal of the plates from the
incubator, it was observed that the coconut oil
was not absorbed by the BHI agar medium. To
mitigate this problem, the oil was dissolved by
adding 2% dimethyl sulfoxide (Carlo Erda Co,
Spain) and 1% ethanol (Bidestan Co, Iran), and
the test was repeated. One section was allocated
to the coconut oil, one section to saline, one sec-
tion to the positive control, and one section to the
negative control (2% dimethyl sulfoxide + 1%
ethanol). The previous steps were then repeated,
and the culture medium was placed in the anaero-
bic jar at the same temperature for 72 hours.
The antibacterial effect of coconut water on A.
actinomycetemcomitans was tested following
a similar procedure with the difference that co-
conut water was tested directly with no solvent.
Each test was repeated three times, and the results
were observed after 72 hours of incubation in an
anaerobic jar. The antibacterial activity of each
product was determined by comparing the diam-
eter of growth inhibition zones with the diameter
of the zone of growth inhibition formed around
the chlorhexidine well.

Minimum inhibitory concentration:

To investigate the antibacterial effect of coconut
water and coconut oil, the minimum inhibitory
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concentration (MIC) and minimum bactericidal
concentration (MBC) were determined. MIC re-
fers to the lowest concentration of antibacterial
agent that inhibits visible growth of microorgan-
isms after 48 hours of incubation, and MBC re-
fers to the lowest concentration of an antibacterial
agent that kills 99.99% of bacteria and indicates
inability to be re-cultured.

To determine the MIC, the microdilution test
and colorimetric methods were applied in a 96-
well plate consisting of 8 rows and 12 columns
(SPL Co., Korea). One-hundred microliters of the
BHI broth was poured into each well followed
by100 uL of coconut water in the first well. Then,
per serial dilution protocol, 100 pL of the solu-
tion in the first well was collected by a sampler
and poured into the second well, and this proce-
dure was repeated until the concentration of the
agent was reduced by12 times (in the 12th well).

In the next step, 10 pL of the 0.5 McFarland
standard bacterial suspension was added to all
wells except the negative control row. The nega-
tive control, consisting of BHI broth medium,
was poured into the wells of another row, and the
positive control, which consisted of BHI broth
medium and A. Actinomycetemcomitans, was
poured into the wells of another row. All tests
were repeated three times.

The plates were then incubated for 48 hours as
previously described. Upon removal of the plates,
20 uL of sterile 0.01% Resazurin dye (Sigma Co.,
USA) was added to all wells (Resazurin dye is
revived under the influence of microbial activity
and its color changes from blue to a purple hue).
The discoloration was observed after 1-2 hours of
incubation (Figure 3). The minimum concentra-
tion that showed no discoloration was considered
as the MIC.

Figure 3: A 96-well plate after
adding Resazurin dye
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Statistical analysis:

Data analysis was carried out using SPSS soft-
ware version 21 (IBM Crop., Armonk, N.Y.,
USA). Statistical analysis was performed by in-
dependent t-test.

Results

The antimicrobial effect of the two coconut
products (water and oil) on A. actinomycetem-
comitans, is presented in Tables. Coconut oil
(100% concentration), added to the culture medi-
um containing A. actinomycetemcomitans failed
to exhibit any antibacterial effect and created no
zone of inhibition (MIC mean = 0 mm, standard
deviation = 0) compared with the positive control
(MIC mean = 45 mm, standard deviation = 4.08
mm); thus the MIC and MBC values were not
reported for the coconut oil (Table 1).

Table 1: Effect of coconut oil on A. actinomycet-

emcomitans
First Second Third
observation repeat repeat
Positive control:  inhibitory inhibitory inhibitory
- . zone zone
chlorhexidine zone diameter . .
diameter: 50 diameter:
0.2% :40mm
mm 45mm
coconut oil no effect no effect no effect
Negative control:
Saline — — —
% +
DMSO - 2% no effect no effect no effect

ethanol 1%

Coconut water (100% concentration) dem-
onstrated an antibacterial effect on the culture
medium containing A. actinomycetemcomitans
with an average diameter of growth inhibition
zone to be 6.6 mm (standard deviation = 4.78).
In MIC assessment, the concentration in the first
well was diluted to 2 of the concentration in the
well plate test, and given the fact that in the well
plate experiment, the results were very weak, no
effects were observed in the MIC experiment. As
a result, the MBC test was not carried out for the
coconut water. The independent t-test showed a
significant difference between the diameter of
growth inhibition caused by coconut water and
the positive control (P =0.001). (table 2)
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Table 2: The effect of coconut water on the
A.actinomycetemcomitans bacterium

First Second Third repeat
observation repeat

Positive inhibitory zone inhibitory zone inhibitory zone

control: diameter  :40 diameter: 50 diameter: 45mm

chlorhexidine mm mm

0.2%

Coconut water  inhibitory zone inhibitory zone no effect
diameter :11lmm  diameter: 9 mm

Negative - - -

control: Saline

MIC Not observed Not observed Not observed

Discussion

The majority of human periodontal conditions
are caused by bacterial pathogens, and thus far,
a wide range of antibacterial agents have been
suggested to treat these conditions. Bacteria that
are closely associated with the onset and progres-
sion of periodontal disease such as A. actinomy-
cetemcomitans, Porphyromonas gingivalis, and
Treponema denticola are called periodontopathic
bacteria.!® A. actinomycetemcomitans and Por-
phyromonas gingivalis are two major periodontal
pathogens.'> A. actinomycetemcomitans, which
is an anaerobic microorganism, has been identi-
fied as a definitive pathogen in localized juvenile
periodontitis, and periodontitis with rapid pro-
gression. Since A. actinomycetemcomitans has
been identified as a periodontal pathogen in the
subgingival plaque of many patients with peri-
odontal disease !¢'®, it was used in the present
study.

Coconut is predominantly a tropical fruit culti-
vated in countries such as the Philippines, India,
Sri Lanka, Malaysia, and Indonesia and has been
extensively used in the Asian traditional medi-
cine for a long time.!”

Coconut oil is used for cooking and in cosmet-
ic products. This oil contains 92% saturated fatty
acids, about 50% of which is lauric acid [4]. The
antibacterial and antifungal effects of lauric acid
have been previously confirmed.!” Coconut oil
has a significant effect on Escherichia coli, Enter-
obacter species, Helicobacter pylori, Streptococ-
cus mutans, Staphylococcus aureus, and Candida
species.® The precise mechanism of antibacterial
activity of coconut oil is still unknown; however,
it is postulated that monolaurin and several medi-
um-chained fatty acids can bind to, penetrate into,
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and degrade the bacterial cell wall, and interfere
with the enzymatic activity producing energy in
the bacteria.®) The present study investigated the
antimicrobial effect of coconut oil and water on
A. actinomycetemcomitans.

According to the results of this study, the use
of coconut oil (100% concentration) on A. ac-
tinomycetemcomitans in the microplates failed
to produce any zone of inhibition, indicating
that it did not have an antibacterial effect on this
periodontal pathogen. As coconuts from differ-
ent sources and with varying degrees of ripeness
might show various antibacterial effects, negative
results of coconut oil on A. actinomycetemcomi-
tans may be due to the origin of the coconuts.

Nagila et al.?” found that the use of coconut
oil significantly reduced the amount of bacterial
plaque after 7 days of use in comparison with the
control group. In most studies, coconut oil has
been used as a mouthwash, and the improvement
in periodontal conditions, which was observed in
some studies, seems to be due to the reaction of
salivary alkaline with oil and thus the formation
of soap. This reaction reduces the binding prob-
ability of bacterial plaque to surfaces.?"

According to studies by Beenashino et al,®
Peedikayil et al,” and Ogbolu et al,”coconut
oil has an inhibitory effect on Candida albicans,
Staphylococcus aureus, and Escherichia coli,
which was inconsistent with the present results.
This discrepancy may be due to the difference in
the type of bacteria since A. actinomycetemcom-
itans which is a Gram-negative microorganism
was evaluated in the present study.

Contrary to the aforementioned studies,
Taheri et al. @ showed that coconut powder, sim-
ilar to its oil, did not affect oral bacteria (there
was no bacterial lysis zone in the plates), and
in fact, did not show any antimicrobial activ-
ity against the oral bacterial flora. Their findings
were in line with the findings of the present study.
Ogbolu et al.®showed that coconut oil had anti-
microbial effects on Candida, which is contrary
to our study, likely due to differences in the type
of microorganisms studied. Thaweboon et al.®)
examined the effects of different types of oils
such as corn oil, coconut oil, palm oil, sesame
oil, sunflower oil, rice bran oil, and soybean oil
on oral microorganisms. They found that coconut
oil had an antibacterial effect on Streptococcus
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mutans and Candida albicans, which was incon-
sistent with the results of the present study. This
difference can be due to the difference in the type
of microorganisms studied. It was also concluded
that sunflower and sesame oil decreased the count
of Candida albicans and Streptococcus mutans,
respectively. The difference between the above-
mentioned study and the present study in terms of
effect on microorganisms could be due to the use
of different oils. ©®

Beenashino et al, in an in vitro study com-
pared the antibacterial activity of chlorhexidine,
coconut oil, probiotics, and ketoconazole on Can-
dida albicans in children who had early childhood
caries. Their study confirmed the anti-microbial
activity of coconut oil, which is contrary to the
results of the present study. The reason for such
discrepancy might be due to the difference in the
type of microorganisms under investigation.

The results of the present study showed
that coconut water (100% concentration) had a
growth inhibitory effect on A. actinomycetem-
comitans, but it was not observed in the MIC test,
and the antibacterial effect of the coconut water
on A. actinomycetemcomitans was so minimal
that was deemed clinically insignificant. As co-
conuts from different sources and with varying
degrees of ripeness might show various antibac-
terial effects, negative results of coconut water
on A. actinomycetemcomitans can be attributed
to the origin of coconut.

Nasimuddin et al.® investigated the anti-
microbial activity of coconut water and oil on
Gram-positive and Gram-negative bacteria in-
cluding Staphylococcus aureus, Escherichia coli,
Klebsiella pneumoniae, and Pseudomonas aer-
uginosa. The results showed that coconut oil and
water had antibacterial properties; however, they
did not affect Pseudomonas aeruginosa, which
is inconsistent with the present study. Different
results might be attributed to different types of
bacteria (encapsulated Klebsiella) as well as the
differences in testing conditions, such as type of
culture medium, duration of effect, etc.

Rukmini et al.?? investigated the effect of
coconut water on Streptococcus mutans and
found that coconut water had no antibacterial ef-
fect on this microorganism, and no growth inhib-
itory effect was observed, which was inconsistent
with the results of the present study. which may
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be due to different microorganisms studied and the
Gram-negative nature of A. actinomycetemcomi-
tans as compared with Streptococcus mutans.

Kohli et al.?» compared the antimicrobial
susceptibility and cytotoxicity of coconut extract
and chlorhexidine against Enterococcus faecalis,
Prevotella intermedia, and Porphyromonas gin-
givalis. They observed that coconut extract had
an antibacterial effect similar to that of chlorhex-
idine, which is contrary to coconut water and oil,
as shown in the present study.

One of the limitations of the present study was
that after removing the plates from the incubator,
it was observed that the coconut oil had not been
absorbed into the BHI agar medium, and to solve
this problem, the oil was dissolved by adding 2%
dimethyl sulfoxide and 1% ethanol and the test
was repeated. The effect of coconut products on
other oral pathogenic microorganisms should be
investigated as well. In addition, the coconut used
in the present study was from Philippines. Coco-
nuts from other regions should be investigated in
future studies.

Conclusion

Coconut oil did not have an antibacterial effect
on A. actinomycetemcomitans, and coconut water
also showed a poor antibacterial effect on A. ac-
tinomycetemcomitans.
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