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ABSTRACT

Back to nature is the concept that most of workers in the medical and dental fields are searching 
for nowadays. Coconut oil and Nigella sativa are used to treat a wide range of health problems.  
In the dental field they had been documented to possess an inhibitory effect on some oral cariogenic 
microorganisms. Aim: Thus, the aim of the current study was to evaluate the antibacterial effect of 
Coconut and Nigella Sativa oils on Streptococcus mutans, Lactobacilli and Candida albicans as a 
natural mean for prophylaxis against dental caries. 

Materials and methods: Two herbal oils (Coconut and Nigella sativa) and Chlorhexidine 
gluconate 0.2% as a positive control were used in this study. Streptococcus mutans, Lactobacilli, 
and Candida albicans were isolated and incubated. Growth inhibitory effect of the tested materials 
was evaluated by direct contact method for each microorganism separately by adding 0.5 ml. of the 
tested material to each organism in a sterile tube and incubated at 37°C aerobically for Streptococcus 
mutans and Candida albicans and anaerobically for Lactobacilli then the tested microorganisms 
were spread on specific media. The count of the microorganisms was expressed as CFU/plate and 
recorded after 2 and 24 hours. 

Results: Coconut oil showed marked % of reduction on both SM and Candida albiacans  
(89.3 % and 87.3 %) after 24 hours contact period. Nigella Sativa oil showed marked reduction on 
SM after 2 hours only (68.33%) with no effect on Candida albicans. Both oils had no effect on LB.  
The highest % of reduction of all tested microorganisms was recorded with Chlorhexidine. 

Conclusions: Coconut oil has a great inhibitory effect on both SM and Candida albicans with 
this effect extending by time, but no effect on LB. Nigella sativa oil has an inhibitory effect on SM 
over a short contact period, but this effect decreased and even vanished by time, but it has no effect 
on neither Candida albicans nor LB. Chlorhexidine showed the most superior results on all tested 
microorganisms.

KEYWORDS: Antimicrobial agents, dental caries, Nigella sativa, Coconut oil, Streptococcus 
mutans, Lactobacilli, Candida albicans.
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INTRODUCTION 

Dental caries is one of the most common oral 
diseases among children (1),in many countries 
there is  decrease in the prevalence of dental caries 
in children over the past years, however, in other 
developing countries prevalence of caries has 
increased (2).

Micro-organisms present in dental plaque accu-
mulated on tooth surface have a major role in de-
velopment of dental caries(3), Streptococcus mutans 
(SM), Lactobacilli (LB) and Candida albicans are 
the predominant cariogenic micro-organisms asso-
ciated with carious lesions(4). The prevention strat-
egy of dental caries mainly involves approaches to 
reduce the microbial load(5).

Several antimicrobial agents have been 
introduced aiming of suppressing the cariogenic 
micro-organisms (6).

Chlorhexidine (Chx) is the gold standard as 
it possesses wide antimicrobial activity, so it can 
inhibit cariogenic micro-organisms (7), however, 
it may cause brown staining of teeth and resin 
restorations (8), and hence the use of herbal agents 
can be a useful alternative (9).

Herbal products have been used since ancient 
times in folk medicine (10), medicinal plants are 
utilized in the preparation of herbal medicines as 
they are safer in comparison to recent allopathic 
drugs (11).

One of the most important medicinal plants is 
Nigella sativa, commonly known as black seed, 
it has rich historical and religious background, 
it is emerging as miracle herb since many studies 
revealed its wide range of pharmacological  
activity (12).

Several studies have reported many biological 
activities of Nigella sativa including: anticancer, 
anti-inflammatory, antioxidant and antimicrobial, 
some studies revealed that these properties are due 

to the presence large amount of thymoquinone, the 
major bioactive component of the essential oils (13,14).

In a study carried out to assess the anticariogenic 
potency of Nigella sativa essential oil, it revealed 
that the oil was not only found to have a bactericidal 
activity against Streptococcus mutans but also 
inhibit the adherence of Streptococcus mutans to the 
surface of the teeth (15).

Another research was conducted using agar dif-
fusion test followed by a minimum bactericidal con-
centration (MBC) determination to test the Nigella 
sativa oil extract’s sensitivity to Streptococcus mu-
tans and its potency to inhibit bacterial adherence 
to the dental plaque compared with chlorhexidine 
gluconate, the results showed that the extract has a 
bactericidal effect against Streptococcus mutans at a 
concentration of 10% and can inhibit the adherence 
of these microorganisms to tooth surface (16).

Further study evaluated the effect of 2 different 
extracts of Nigella sativa against cariogenic bacteria, 
the results showed that methanolic extract of Nigella 
sativa has stronger effect than ether extract (17).

Recently, a study carried out to evaluate the 
antimicrobial activity of oil in water emulsion of 
Nigella sativa oil extract against dental cariogenic 
bacteria, the results concluded that the emulsion of 
oil extract possesses antimicrobial activity against 
tested bacteria (18).

Coconut oil is another widely used edible oil, it 
is a unique source of natural products, due to its high 
content of medium chain fatty acids. It is composed 
of 92% saturated acids, with Lauric acid being the 
main component which possesses antimicrobial, 
antioxidant, and anti-inflammatory properties (19,20).

In a study testing the antimicrobial properties 
of coconut on organisms collected from carious 
cavities of affected teeth, the results revealed that 
it has significant inhibitory effect against oral 
pathogens due to active effective ingredients (5). 
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Another in vivo study comparing the antibacte-
rial efficacy of Coconut oil and Chlorhexidine on 
Streptococcus mutans, concluded that Coconut oil 
has the same effect as Chlorhexidine on SM (21).

Recently, comparing the antifungal activity of 
coconut oil to known antifungal agents revealed 
that coconut oil and chlorhexidine have shown 
significant antifungal activity comparable to 
ketoconazole (22).

This study aimed to evaluate the possible 
antibacterial effect of Nigella sativa and Coconut 
oils in comparison to Chlorhexidine against 
Streptococcus mutans, Lactobacilli and Candida 
albicans for prophylaxis against dental caries.

MATERIALS AND METHODS

Materials:   Three test materials, two of them 
were of herbal (plant) origin: Coconut and Nigella 
Sativa oils (Nile Company for volatile & non-volatile 
oils) and the third was Chlorhexidine gluconate 
0.2% as a positive control were used in this study to 
evaluate their inhibitory effect against three types of 
cariogenic microorganisms ( Streptococcus mutans, 
Lactobacilli and Candida albicans).

The study was conducted in accordance with 
the ethical guidelines in research with human 
participants and approved by the Ethics Committee 
of Faculty of Dentistry, Cairo University. These 
ethical guidelines are in accordance with the World 
Medical Association Declaration of Helsinki.

Saliva samples and cariogenic microorganisms

Saliva samples were collected from children 
attending the Pediatric Dentistry Department, Faculty 
of Dentistry, Cairo University. Those children were 
diagnosed as having high caries index. These samples 
were collected early in the morning before breakfast 
and before tooth brushing (23). From these samples 
the following micro-organisms were isolated:

a) Streptococcus mutans (SM).

b) Lactobacilli (LB).

c) Candida albicans.

All microbiological tests were conducted in 
the Immunology and Microbiology Department, 
Faculty of Medicine, Cairo University. 

Methods: 

1. Isolation of microbial strains:

a) Mitis Salivarius agar plates for isolation of 
Streptococcus mutans (SM) were used and in-
cubated in a candle jar for 48 hours at 37°C.

b) Blood agar plates for isolation of Lactobacilli 
(LB) were used and incubated in anaerobic jar 
for 72 hours at 37°C.

c) Sabaro dextrose plates containing chloramphen-
icol to inhibit bacterial growth for isolation of 
Candida albicans and incubated aerobically for 
48 hours at 37°C.

After the incubation period, all plates were 
examined, and each organism was identified by 
colony morphology, gram stain and biological 
reactions if needed.

2. Preparation of microorganisms:

Each organism was prepared into a suspension 
using sterile broth and turbidity was adjusted at 
McFarland 0.5 which equals to:

·	 SM= 1 x 107 CFU/ml.

·	 LB= 1 x107 CFU/ml.

·	 Candida albicans= 1 x 105 CFU/ml (24).

After isolation of these organisms, they were 
incubated separately in the proper atmosphere to 
obtain the control plates as a base line data.

Test for inhibition:

Growth inhibitory effect of the test materials 
was evaluated by direct contact method for each 
microorganism separately by adding 0.5ml. of the 
test material (Coconut and Nigella Sativa oils) as 
well as Chlorhexidine 0.2% to each organism in a 
sterile tube and incubated at 37°C aerobically for 
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Streptococcus mutans and Candida albicans and 
anaerobically for Lactobacilli.

-  For SM 25 µ were spread over the surface of 
blood agar and incubated again at 37°C for 24-
48 hours.

-  For LB 25 µ were spread over the surface of 
blood agar and incubated at 37°C for 48 hours.

-  For Candida albicans 25 µ were spread over 
the surface of Sabaro dextrose and incubated at 
37°C aerobically for 24-48 hours.

-  For each organism -ve control was done by 
following the same steps without adding the 
tested materials.

The microbial count was done after 2 and 24 
hours contact period. The count of was expressed 
as CFU/plate. Six plates of every organism were 
tested and the mean number of CFU for all plates 
was calculated, tabulated and statistically analysed. 

Percentage of reduction was calculated by the 
following equation:

% of reduction= No of CFU/control- CFU/test    
No of CFU/Control                x100

Statistical analysis:

Numerical data were explored for normality by 
checking the data distribution, calculating the mean 
and median values and using Kolmogorov-Smirnov 
and Shapiro-Wilk tests. Data showed parametric 
distribution so; it was represented by mean and 
standard deviation (SD) values. Repeated measures 
ANOVA test was used to study the effect of mouth 
wash type, time and their interactions on mean 
number of CFU. Bonferroni’s post-hoc test was 
used for pair-wise comparisons when ANOVA test 
is significant. One-way ANOVA test was used to 
compare between% of reduction of bacterial counts 
in the three groups.

The significance level was set at P ≤ 0.05. 
Statistical analysis was performed with IBM® 
SPSS® Statistics Version 20 for Windows.

RESULTS

This study compared the antimicrobial effect of 
two herbal oils (Coconut and Nigella sativa oil) versus 
Chlorhexidine gluconate 0.2 % as gold standard 
on 3 types of oral cariogenic microorganisms 
(Streptococcus mutans, Lactobacilli and Candida 
albicans)

Streptococcus mutans

The results of this study showed that Coconut 
oil had a statistically significant higher inhibitory 
effect on SM with decrease in number of CFU from 
500 to 40 and 53.7 and percentage of reduction 
92% and 89.3% at 2 and 24 hours contact period 
consecutively as shown in (tables (1 & 2) & fig. (1)) 
and (fig. 2 A & B).

Also, Nigella sativa oil showed an inhibitory 
effect on SM after 2 hours contact period with 
decrease in number of CFU from 500 to 158.3 and 
percentage of reduction 68.3%, but it had no effect 
on the organisms after 24 hours contact period with 
zero % of reduction (table (1& 2 & fig. (1)) and (fig. 
2 C & D). 

Lactobacilli

Surprisingly, both tested herbal oils (Coconut 
and Nigella sativa oils) had no effect on LB species 
neither after 2 nor 24 hours contact period with zero 
% of reduction (table (1& 2 & fig. (1)).

Candida albicans

Regarding the effect of the tested herbal oils on 
Candida albicans the results showed that, coconut 
oil had a statistically significant high inhibitory 
effect on the organism with decrease in number of 
CFU from 500 to 62.3 and 63.3 and % of reduction 
87.5 and 87.3 %after 2 and 24 hours contact period 
consecutively (1 & 2) & fig. (1)) and (fig 3 A & 
B). Meanwhile Nigella sativa oil showed no effect 
on this organism (table (1 & 2) & fig. (1)) and  
(fig. 3 C & D).
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TABLE (1) Mean, standard deviation (SD) values and results of comparison between CFU counts in the 
three  groups and the changes within each group at different times.

Time
Coconut oil Nigella Sativa CHX  P-value

 (Between
(groupsMean ±SD Mean ±SD Mean ±SD

S. mutans

Base line 500.0 D 0.0 500.0 D 0.0 500.0 D 0.0 NC†

2 hours 40.0 BE 4.5 158.3 AE 10.2 2.7 CE 0.8 <0.001*

24 hours 53.7 BE 5.8 500.0 AD 0.0 2.7 CE 0.8 <0.001*

P-value (Within group) <0.001* <0.001* <0.001*

Lactobacilli

Base line 500.0 0.0 500.0 0.0 500.0 D 0.0 NC†

2 hours 500.0 A 0.0 500.0 A 0.0 2.0 BE 0.6 <0.001*

24 hours 500.0 A 0.0 500.0 A 0.0 2.0 BE 0.6 <0.001*

P-value (Within group) NC† NC† <0.001*

C. albicans

Base line 500.0 D 0.0 500.0 0.0 500.0 D 0.0 NC†

2 hours 62.3 BE 4.5 500.0 A 0.0 2.0 CE 0.6 <0.001*

24 hours 63.3 BE 3.8 500.0 A 0.0 2.0 CE 0.6 <0.001*

P-value (Within group) <0.001* NC† <0.001*

*: Significant at P ≤ 0.05, NC†: Not computed because SD in all groups = 0 

A, B, C superscripts in the same row indicate statistically significantly difference between groups

D, E, F superscripts in the same column indicate statistically significantly difference between time periods

Fig. (1): Bar chart representing mean number of CFU in the three groups at different times.

By comparing the antimicrobial effect of 
these two herbal oils versus our gold standard 
Chlorhexidine gluconate 0.2%   the later showed 
superior results on all tested microorganisms with 

decrease in number of CFU from 500 to 2.7, 2 and 2 
and a % of reduction 99.5, 99.6 and 99.6 % for SM, 
LB, and Candida species at 2 and 24 hrs. contact 
period consecutively (table (1& 2) and fig. 1). 
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TABLE (2): Mean ,standard deviation (SD) values and results of comparison between percentage of reduction  
of CFU counts in the three groups.

Time

Coconut oil Nigella Sativa CHX
 P-value

Mean SD Mean SD Mean SD

S. mutans
Base line – 2 h 92.0 B 0.9 68.3 C 2.0 99.5 A 0.4 <0.001*

Base line – 24 h 89.3 B 1.2 0.0 C 0.0 99.5 A 0.4 <0.001*

Lactobacilli
Base line – 2 h 0.0 B 0.0 0.0 B 0.0 99.6 A 0.2 <0.001*

Base line – 24 h 0.0 B 0.0 0.0 B 0.0 99.6 A 0.2 <0.001*

C. albicans
Base line – 2 h 87.5 B 0.9 0.0 C 0.0 99.6 A 0.2 <0.001*

Base line – 24 h 87.3 B 0.8 0.0 C 0.0 99.6 A 0.2 <0.001*

*: Significant at P ≤ 0.05

A, B, C superscripts in the same row indicate statistically significantly difference between groups

Fig. (2): Strepococcus mutans after 2 and 24 hours (A&B with coconut oil, while B&C with Nigella Sativa oil)

Fig. (3): Candida Albicans after 2 and 24 hours (A&B with coconut oil, while C&D with Nigella Sativa oil)
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DISCUSSION

Back to nature is one of the recent concepts 
utilized in the field of general as well as dental 
health. The use of medicinal plants has been 
started since human civilization. By searching 
for the use of herbal medicines, it was found 
to be increased greatly in the last three decades 
especially with increasing the resistance of human 
pathogenic microorganisms to traditional means of  
treatment (17).

As dental caries is the most prevalent oral 
infectious disease affecting humans and it is 
considered the major reason of teeth loss, so this 
study was conducted to find an alternative way 
to reduce and inhibit the metabolic activity of 
cariogenic microorganisms (Streptococcus mutans, 
Lactobacilli and Candida albicans) (25).

In this in vitro study, two types of nutritional 
oils (Coconut and Nigella sativa oils) were tested 
regarding their inhibitory effect on the previously 
mentioned cariogenic microorganisms, as well as to 
compare their effects as natural products with the 
commercially available 0.2% Chlorhexidine as gold 
standard to overcome its undesirable effects on the 
teeth and the oral structures (26).

For this study to be conducted, the authors 
decided to evaluate the inhibitory effect of the tested 
oils using the inhibition zone method on agar plates. 
Unfortunately, neither of the tested oils showed any 
effect after proper incubation period. This problem 
could be attributed to high viscosity leading to poor 
difusibility of the tested oils, so another test was 
conducted depending on direct contact between 
tested oils and microorganisms and then counting 
the number of CFU (27).

Among the results of this study, we can observe 
that coconut oil had a great inhibitory effect on 
Streptococcus mutans expressed as CFU after 2 
and 24 hours observation period, with the greatest 
reduction after 2 hours, then its effect decreased 

by time. This result was supported by(28,29) who 
attributed this inhibitory effect to the hydrophobic 
activity of the oil which may lead to destruction of 
lipid content of the bacterial cell membrane with 
disturbing the cellular structure that became more 
permeable with the result leakage of intracellular 
components, inhibition of energy production of the 
bacterial cell and finally cell death.

Although the exact mechanism of action of 
Coconut oil is still debatable and unclear, it was 
suggested that coconut oil is a medium chain fatty 
acid which contains 92% saturated acids, about 
50% of them is Lauric acid (30) with its metabolite 
monolurine (monoglyceride of Lauric acid). This 
in turns has an antimicrobial effect against various 
types of gram +ve and gram -ve microorganisms. 
These products were proved to protect against 
infection caused by bacteria, viruses, yeast and 
parasites (30-34).

On the other hand, the results didn’t show any 
effect of Coconut oil on Lactobacilli which was not 
supported by (5) who confirmed a significant reduc-
tion of Lactobacilli in their clinical studies. In our 
opinion, this may be attributed to different used 
microbiological testing techniques and implementa-
tion methods.

As regard the yeast (Candida albicans) which are 
strong organism and can grow and multiply without 
any restrains, the results of this study showed that 
coconut oil had an excellent inhibitory effect on 
yeast with a significant reduction in the number of 
CFU after 2 and 24 hours. This result was strongly 
supported by(5,31) who reported that Candida albicans 
showed a high sensitivity to Coconut oil due to the 
presence of antifungal components (Capric and 
Lauric acids) which are medium chain fatty acids 
that possess an antifungal activity (fungicidal). 
The mechanism by which these fatty acids can 
kill the organism is still unknown, but the electron 
microscopic studies showed that they can disrupt 
the cell membrane.
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Additionally, the results of this study showed 
a great inhibitory effect of Nigella sativa on 
Streptococcus mutans count after 2 hours. This 
finding agreed with (16) who reported that there 
was an inhibition zone of black seeds oil against 
Streptococcus mutans which may be attributed to the 
antimicrobial activity of the monohydroquinone (in 
the chemical composition of black seeds oil extract 
against gram +ve microorganisms). Also, this could 
be attributed to the presence of other volatile oils 
as Nigellone/ thymoquinone and thymol in the 
chemical composition of the cold pressed black 
seeds oil extract.

Another opinion was reported by(35,36) who sug-
gested that the presence of high content of protein in 
black seeds oil extract which were proved to be in-
volved in the defense mechanism against the micro-
organisms especially a protein called Purindoline.

Although this great inhibitory effect of Nigella 
sativa against Streptococcus mutans after 2 hours, 
the result showed no inhibitory effect after 24 hours 
contact which means that Nigella sativa had its 
effect at the beginning of contact, but this effect 
decreases and disappears by time.

On contrary Nigella sativa oil showed no effect 
on Lactobacilli, neither after 2 hours nor after 24 
hours.  In our opinion this could be attributed to 
high resistance of these organisms to this natural oil.

The same result was obtained when evaluating 
the effect of Nigella sativa on Candida albicans, 
after 2 hours and after 24 hours contact period. This 
result was not supported by (11) who reported that 
methanolic extract of Nigella sativa oil showed a 
strong antifungal effect followed by the chloroform 
extract of the oil. In this study, no effect was 
observed on Candida albicans this may be due 
to the use of cold pressed oil without adding any 
component, or due to the nature of the yeast which 
is highly resistant in general.

Although Chlorhexidine is our gold standard 
in this study and has been extensively used to aid 
in treatment of some oral conditions, it is highly 

discouraged because of its unpleasant taste and 
undesirable effects such as tooth discoloration (37).

From the results of this study we can observe 
that our gold standard (0.2% Chlorhexidine 
gluconate) has a strong inhibitory effect on all 
tested microorganisms after 2 and 24 hours contact 
period. The results showed a bactericidal effect and 
broad spectrum antimicrobial activity. This may be 
attributed to its ability to precipitate and coagulate 
the intracellular components of the organisms 
leading to cellular death (37).

CONCLUSIONS:

Within the limitations of the current in vitro 
study, the following conclusions could be with-
drawn: 

1- Coconut oil has a great inhibitory effect on both 
Streptococcus mutans and Candida albicans 
with this effect extending by time.

2- Nigella sativa oil has an inhibitory effect on 
Streptococcus mutans over a short contact pe-
riod, but this effect decreased and even vanished 
by time, but it has no effect on Candida albicans.

3-  Although Coconut has better results than Nige-
lla sativa, both oils showed no inhibitory effect 
on Lactobacilli.

4- Chlorhexidine (as a gold standard) showed the 
most superior results on all tested microorganisms.

RECOMMENDATIONS

1- Further researches are recommended to study 
the effect of these natural oils on the tested mi-
croorganisms.

2- The use of more advanced and extended 
microbiological techniques to be able to 
establish the use of the natural products instead 
Chlorhexidine.

3- In vivo studies are highly recommended espe-
cially for children to reduce the risk and effect 
of Early Childhood Caries.
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