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Abstract

Background: Tooth decay and periodontal disease are the most common chronic human and oral diseases, respectively, and
bacterial plaque has a major role in their occurrence. Because of the importance of plaque control, this study was done to compare the
antimicrobial effects of Nigella sativa nanoparticles and chlorhexidine emulsion on the most common dental cariogenicic bacteria.

Methods: In this experimental study, the effects of 0.2% chlorhexidine mouthwash and Nigella sativa nanoparticle with different
dilutions on Streptococcus mutans, Streptococcus sobrinus, Streptococcus salivarius, Lactobacillus acidophilus, Minococcal fecalis,
and Enterococcus fecalis were compared using minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) assessment. Data were analyzed by SPSS Version 16.0 software, and statistical tests, including an independent sample t test.

Results: Mean diameters of growth inhibition zone because of the nanoemulsion of Nigella sativa nanoparticle was close to each
other in different bacteria (p=0.665). In addition, there was no significant difference between these values because of different
dilutions of nanoemulsion even in different microbial species (p=0.778). The MIC and lethal concentrations of Nigella sativa
nanoemulsion were similar for Enterococcus faecalis and Streptococcus mutans, and it was higher than other bacteria. In comparison,
the MIC and MBC values of all bacteria in chlorhexidine were lower than those of the nanoemulsion.

Conclusion: MIC and MBC values showed that Nigella sativa nanoemulsion affects tooth cariogenicic bacteria. Enterococcus
faecalis and Lactobacillus acidophilus were the most resistant and susceptible bacteria to this nanoparticle, respectively, while the
antimicrobial effects of Nigella sativa nanoemulsion were weaker than the chlorhexidine mouthwash.
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Introduction

The mouth is one of the essential organs of the human
body that plays a vital role in the nutrition, speech, and
beauty of people, thus, its health affects the quality of life
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(1, 2). Many syste mic disorders are related to periodonti-
tis and oral diseases. Therefore, the World Health Organi-
zation (WHO) has made oral health a part of public health

tWhat is “already known” in this topic:

Based on the literature review, a broad spectrum of animal
studies has demonstrated the antimicrobial effect of Nigella
sativa nanoparticles in one or a limited number of bacteria.
Moreover, its antimicrobial mechanism is vague compared
with  the gold standard plaque controlling agent
(Chlorhexidine).

—What this article adds:
For the first time, the effects of different concentrations of

Nigella sativa nanoparticles were evaluated on the most
common cariogenicic  bacteria and compared with
chlorhexidine. Its antimicrobial effects were weaker than
chlorhexidine.
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(3). Tooth decay is the most common chronic human peri-
odontal disorder and the leading cause of tooth loss. The
oral cavity has a complex and diverse variety of microor-
ganisms. Various types of bacteria, including Streptococ-
cus (mutans, subrinus, salivarius, and sanguis), periodon-
tal pathogens (Porphyromonas gingivalis and Actinobacte-
rium ectinobacterium), and Enterococcus faecalis, have
been discovered that are responsible for tooth decay
through destruction of dental structures (4, 5). In this re-
gard, the WHO has approved proper oral hygiene and mi-
crobiome control as an essential strategy for preventing
these pathological conditions (6).

The most successful plaque control program combines 2
mechanical and chemical removal strategies (7). Chlor-
hexidine (CHX) has been recognized as a gold standard
plaque control agent because of its broad spectrum of an-
timicrobial properties, stability, and relative toxicity, but
its use has recently been limited (8). Concurrent with the
expansion of CHX use, several side effects (alteration of
bacterial microflora, tooth and soft tissue immunoreactivi-
ty, cytotoxicity, and alteration of taste, erosive oral muco-
sa, and parotid salivary gland swelling) have also been
reported (9). Besides, excessive use of antiseptic agents
resulted in microbial resistance (10). Therefore, the
worldwide need for new accessible, affordable, and path-
ogen-sensitive antimicrobials with maximum efficacy and
minimal side effects is increasing. In this regard, it is pos-
sible to achieve the desired results by utilizing modern
technology and nonchemical (herbal) compounds. Among
these, the black cumin (also named as Nigella sativa or al-
habba al-sawdaa or senouj), which belongs to the family
of Ranunculaceae, has been recognized for its effective
therapeutic effects (11). This plant grows in many coun-
tries, including the Mediterranean, North African, and
East Asian countries, and thus it has been termed as an
herbal miracle of the century by scientific evidence (12).
The tiny grains of this plant are rich in bioactive com-
pounds, such as protein, oil, amino acids, vitamins, and
unsaturated fatty acids (13). These compounds have mul-
tiple therapeutic properties, including antibacterial and
antiviral, anti-inflammatory, analgesic, histamine release
inhibitor, antihypertensive, antioxidant, hypoglycemic,
and liver protective (14, 15). Additionally, these com-
pounds have low toxicity. One of the components of Ni-
gella sativa is thymoquinone. In MIC determination, thy-
moquinone is active against all the strains studied (16).
The main antibacterial activity is seen against Streptococ-
cus constellatus with MIC 4 pg/mL. The essential oil also
shows the strongest activity against Streptococcus mitis,
Streptococcus mutans, Streptococcus constellatus, and
Gemella haemolysans with MIC 2.13 mg/mL (17).

Because of the antimicrobial and anti-inflammatory ac-
tivity of Nigella sativa, researchers believe in the anti-
caries effects of this compound on dental caries and perio-
dontal diseases. In this regard, animal and laboratory stud-
ies in this field were performed by the usual forms to low-
er latent bacterial count after drinking Nigella sativa-
containing water (18, 19). Another study showed more
antimicrobial activity of Nigella sativa on Streptococcus
sanguis than Streptococcus mutans (20). Some studies
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showed that silver nanoparticles containing these herbal
compounds had more potent antimicrobial effects on
Streptococcus mutans than gold and zinc nanoparticles
(21). It can be used with less tissue toxicity using proper
nanocarriers. Therefore, the development and introduction
of nano drugs have been of interest to researchers because
of their benefits, such as more extended durability, target-
ed tissue distribution, and reduced side effects.

Considering the importance of plaque controlling in oral
health, the adverse effects of chemicals, the antimicrobial
activity of nanoparticles, and also the vague antimicrobial
mechanisms of Nigella sativa (11, 12), we aimed to com-
pare the antimicrobial effect of nanoemulsion of Nigella
Sativa and chlorhexidine on common dental cariogenic
bacteria, taking a step towards improving the general
health of the population.

Methods

Collection of Bacterial Isolates

In this experimental study, the antimicrobial effect of
Nigella sativa emulsion (Zanjan region) on common cari-
ogenicic microbial strains was assessed, which includ-
ed1683 (ATCC 35668)  Streptococcus mutans,
1601(ATTC 27607) Streptococcus sobrinus, (ATCC
19258) Streptococcus salivarius, 1643(DSM 20079) Lac-
tobacillus acidophilus, and 1237(NCTC 8213) Enterococ-
cus faecalis. This study was approved by the National
Center for Genetic and Biological Resources of Iran and
the resources were prepared in lyophilized fashion (Freeze
drying, a low temperature dehydration process for the
long-term preservation of cells).

Preparation of Nanoemulsion Oil

After approval of the University Ethics Committee
(code: ZUMS.REC.1395.195) and following the environ-
mental principles of nanoemulsion, the Nigella sativa oil
was prepared by solvent evaporation. In this study, fennel
flower nanomulsion was prepared via the emulsion meth-
od. The size of nanoemulsions was determined by the dy-
namic light scattering (DLS) method. Figures 1 and 2 de-
pict the typical intensity-based and volume-based results
of the DLS analysis. Clearly, the symmetric size distribu-
tion profile of nanoemulsions in terms of intensity-based
and volume-based particle size distribution as well as low
polydispersity index indicates very homogenous proper-
ties of nanoemulsion. The z average of the nanoparticles
size was 76.26+0.15 nm, with the corresponding poly dis-
persity index of 0.277. The surface charge of nanoparti-
cles plays a crucial rule in the stability of nanoemulsion.
The zeta potential of nanoparticles was determined to be -
29.6 mV (Fig. 3). It is believed that owning surface charge
over £20 mV could provide suitable electrostatic repulsion
characteristic to make nanoparticles stable for a long time.
Considering the high zeta potential of the nanoparticles, it
seems that the nanoemulsion would possess a long-term
stability. The structure of nanoemulsions consists of nano-
crystalline liquid cells, which were dispersed in another
liquid that we first weighed a certain amount of Nigella
sativa (Zanjan spp.), dissolved it in a suitable solvent (eth-
anol), and added and dissolved the deionized water con-
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Fig. 1. The intensity based particle size analysis of the nanoemulsion
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Fig. 2. The volume based particle size analysis of the nanoemulsion
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Fig. 3. The zeta potential of nanoemulsion

taining 3% surfactant. Then, the obtained solution was
poured into the vial and placed it in a water bath to reach
75°C and then we put the dissolved oil in the solvent into
the bath to reach the desired temperature. Then, the oil as
the deionized water was sterilized and then put into a cen-
trifuge (Ultra-Turrax T25 IKA Janke and Kunkle, GmbH
and CO KG) for 10 minutes at 1000 RMP (revolutions per
minute). The sample was then kept at 4 °C for identifica-
tion. Finally, homogenized solution and nanoemulsion
were obtained and chemically analyzed. A semi-
McFarland solution was prepared by adding 0.5 mL bari-
um chloride solution 1.75% to 99.5% mL sulfuric acid
1%. It is worth noting that a 0.5 McFarland Latex Stand-
ard (used as a reference to adjust the turbid-
ity of bacterial suspensions for susceptibility testing and
other procedures that require a standardized inoculum) is
comparable to a bacterial suspension
of 1.5 X 10® CFU/mL (21, 22).

To prepare the microbial suspension, we removed fresh
and purified bacterial colonies and dissolved it in a tube

200

containing sterile physiological serum. Then, compared
with its turbidity with the standard McFarland half solu-
tion, we prepared microbial suspension equivalent to
McFarland 0.5. Chlorhexidine 0.2% (positive control) and
sterile serum (negative control) were used to determine
microbial susceptibility. The suspensions were prepared
based on 0.5 McFarland. Each plate was operated using a
pour plate method. In this regard, 100 pL of the standard
half strain suspension of McFarland was added to the
Miiller Hinton Agar medium and poured into the plate to
be frozen. Next, 3 wells were created per plate and the
Nigella sativa nanoemulsion, positive and negative con-
trols were added to the wells. The plates were then stored
at 37°C for 24 hours and examined the next day in terms
of the appearance of a growth inhibition zone (12, 23).
The diameter of the growth inhibition zone was meas-
ured with a ruler and interpreted according to the Clinical
and Laboratory Standards Institute standard. The micro-
titer plate method (A to C, respectively) was used to de-
termine the MIC. We used 5% dimethylsulfoxide. We
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added 100 microliters of fresh culture medium to 9 cells
per row. We assigned each row to the special bacterial
species. Inside the first cell of each row, we added the
following materials to obtain a final concentration of
1:200 v/v (9% nanoemulsion 9% + DMSO 10 pl + 89 of
culture medium). We added 100 microliters of the first
cell to the second cell and up and down 10 times. Cell no.
10 was designated for drug control (with nano-emulsion
solution) and cell no. 11 for bacterial control, without
nanoemulsion and bacterial cell for sterile steps control).
A total of 100 mL microbial suspension was added to cell
no. 11 and 100 mL sterile culture medium to cell no. 10.
In this case, we prepared the final concentrations of
nanoemulsions at 1:200, 1:400, 1:800, 1:1600, 1:3200,
1:6400, and 1:12800 volumes (Table 1).

We added 100 mL of standard McFarland half microbial
suspension to each row cell. Finally, we incubated it at
37°C for 24 to 18 hours. The lowest concentration without
turbidity was considered to be MIC. To calculate the
MBC, we planted the MIC tube and the 2 preceding tubes
in a plate and divided it into 3 sections. We evaluated the
results after incubation. The experiments were performed
in triplicate, and the mean results were reported.

After allocating the appropriate codes to the collected
data, the data were entered into SPSS Version 16.0 soft-
ware, and then the tests were performed experimentally
using standard methods. To compare the MIC- and MBC-
associated outcomes and mean diameter growth inhibition
zone between 0.2% chlorhexidine mouthwash and Nigella
sativa emulsion nanoemulsions, we used an independent
sample t test and P < .05 was considered statically signifi-
cant.

Results

In this study, the effect of 0.2% CHX mouthwash and
Nigella sativa emulsion nanoemulsions in different dilu-
tions on the microbial species of Enterococcus faecalis,
Streptococcus mutans, Streptococcus soberini, Strepto-
coccus salivarius as well as Lactobacillus acidophilus
were tested by the well method, the MIC method, and
MBC assay. The values of disk diffusion and mean diame-

ter of growth inhibition zone of nanoemulsion for the
aforementioned species were 7, 8, 8, 6.4, and 8.5, respec-
tively, while the diameter of CHX inhibition zone for
these bacteria was 21, 20, 19, 30, and 22 mm, respectively
(Table 1). Therefore, it was found that nanoemulsion of
Nigella sativa had antibacterial effects on all studied mi-
crobial species. The highest and lowest growth area were
specified to Lactobacillus acidophilus (8.5 mm) and En-
terococcus faecalis (7 mm), respectively. The studies
showed that the mean diameter of the growth inhibition
zone due to nanoemulsion in different bacterial numbers
was close (Table 2). However, the diameter of the CHX
inhibition zone in all studied bacteria was more than Ni-
gella sativa (p=0.665). Therefore, despite the nonsignifi-
cant statistical assoctation, the antibacterial affects of
chlorhexidine were higher than that of nanoemulsion of
Nigella sativa. However, the minimum inhibitory concen-
tration and also the minimum lethal concentration of
nanoemulsion for Enterococcus faecalis and Streptococcus
mutans were similar, but higher than those for other bacte-
ria. Therefore, it was found that the inhibitory and lethal
effects of nanoemulsion were more significant in Strepto-
coccus soberini, Streptococcus. Salivarius, and Lactobacil-
lus acidophilus bacteria. In contrast, the MIC (p=0.042)
and MBC (p=0.038) rates of chlorhexidine for all bacteria
were lower than those for the Nigella sati-
va nanoemulsion.

Discussion

Although the broad spectrum of antimicrobial activity
of Nigella sativa has already been established, the strength
of the present study is the initial assessment of the effects
of different concentrations of nanoemulsion by both mac-
ro dilution and disk diffusion on the most common cario-
genic bacteria (Enterococcus faecalis and Streptococcus
mutans and Streptococcus sublinii and Streptococcus sa-
lubrium) and compared with chlorhexidine (17-19). Over-
all, it was shown that nanoemulsion of Nigella sativa sig-
nificantly inhibited the growth of all studied bacteria, alt-
hough its effect was less than CHX. This finding may be
due to the fact that the nano drug structure at high concen-

Table 1. The compounds used to test the Minimum Inhibitory Concentration of growth

Tube 1 2 3 4 5 6 7 8 9 10 11 12 Control  Control
substance bacteria

Substance 2048 1024 512 256 128 64 32 16 8 4 2 1 2048 --

Microgr/militr

Culture 100 100 100 100 100 100 100 100 100 100 100 100 100 100

medium

(Microliter)

Table 2. Effect of Nigella sativa and 0.2% chlorhexidine on the bacterial isolates

Bacterial isolates Enterococcus streptococcus Streptococcus Streptococcus Lactobacillus
Faecalis Mutans Salivaris Subbrine Acidophilus
Non-growth halo Nigella sativa emulsions 7 8 8 6.4 8.5
Chlorhexidine 21 20 22 30 19
MIC (pg/ml) Nigella sativa emulsions 2048 2048 1024 1024 1024
Chlorhexidine 512 16 256 512 128
MBC (ug/ml) Nigella sativa emulsions 2048 2048 1024 1024 1024
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trations loses its stability, so the impossibility of produc-
ing high concentrations of the nano drug of Nigella sativa
is one of the limitations of working with this plant. On the
other hand, silver-based or gold-based nanoparticles may
be retained if the concentration is increased, and as a re-
sult, nanoparticle concentrations can be closer to CHX.
An increase in the concentration of Nigella sativa might
affect cytotoxicity, which should be considered when pre-
paring high concentrations of this nanoparticle.

The study results by Manju et al (22), in line with the
present study, showed that gold nanoparticles with Nigella
sativa effectively inhibited biofilm formation of both bac-
teria (Vibrio harveyi and Parahemolyticus) by reducing
hydrophobicity index. Therefore, it seems that the ability
of Nigella sativa oil to reduce biofilm may be related to
the antiplatelet and antidiabetic effects of this material.
Therefore, creaming and sediment formation phenomena
did not occur because the tiny droplets prevent intercon-
nection and surface flocculation. As a result, nanoemul-
sions have an extremely high surface area and consequent-
ly very high permeability, making them an effective trans-
fer system. Although the antibacterial effect of Nigella
sativa and amoxicillin disc against Streptococcus mutans
was similar, nanosilver showed a more significant effect
against Sanguis (in contrast to the present study) (23). Due
to the probable toxicity of the nanosilver, the Nigella sati-
va, as the less toxic substance, can be used for mouth-
washing because of its antibacterial and antiseptic proper-
ties.

This study showed that the mean diameter of the inhibi-
tion zone of the nanoemulsions of all bacteria strains was
close to each other. In this regard, Enterococcus faecalis
and Lactobacillus acidophilus because of the lowest (7)
and highest (8.5) values of the growth inhibition zone as
well as high (2048) and low (1024) MIC, respectively,
were the most resistant and most susceptible bacteria to
Nigella sativa nanoemulsion. This outcome might be be-
cause Enterococcus faecalis is an opportunistic bacterium
producing lactic acid, which is very effective in its re-
sistance to antibiotics. Therefore, its resistance (as Strep-
tococcus group D) to nanoemulsion is predictable (24).
Also, the present study showed that the antimicrobial ef-
fect of Nigella sativa nanoemulsion on growth inhibition
of Enterococcus faecalis and Streptococcus mutans was
more negligible than other bacteria. In contrast, its inhibi-
tory effects on Lactobacillus acidophilus, Streptococcus
salivarius, and Soberini were similar and may be because
of the structural differences of the bacteria. In this regard,
an in vitro study by Kouidhi et al (25), similar to the pre-
sent study, showed that the addition of thymoquinone in
Nigella sativa has selective antimicrobial effects. Simulta-
neously, it is effective against gram-positive bacteria, but
gram-negative bacteria are resistant to it, and its synergis-
tic effects enhance antimicrobial drugs. Besides, it has
been shown that Nigella sativa oil at appropriate concen-
trations can inhibit the growth of methicillin-resistant
Staphylococcus bacteria. Therefore, synergistic use of
Nigella sativa with other antimicrobial drugs can be sug-
gested. The significant antibacterial effect of Nigella sati-
va oil against a variety of bacteria might appear to be due

to their different structure and mechanisms. In this way,
the physiology of the cell envelope of gram-negative bac-
teria and having an outer layer on the outer membrane
varied in sensitivity and consequently the absorption iden-
tification. Thus, the outer membrane reduces access to the
Nigella sativa molecules (due to their molecular size) to a
definite expansion and results in the killing of bacteria but
accelerates the discovery of organelles. Also, Arici et al
(26) studied the antibacterial effects of 5 species of Turk-
ish Nigella sativa on 24 different bacterial strains concur-
rent with the present study, which showed that lactic acid-
producing bacteria were more resistant to Nigella sativa
oil than other bacteria. Given that all the bacteria studied,
including Streptococcus, Enterococci, and Lactobacillus,
were lactic acid producing bacteria (LAB lactic acid bac-
teria), the weaker antibacterial power of the Nigella sativa
nanoemulsion compared with CHX was attributed to these
bacteria. Moreover, it should be noted that the results of
other studies with Nigella sativa species from other geo-
graphical areas cannot be generalized to other studies be-
cause of the structural differences of native herbal reme-
dies in different regions (25, 26). In recent years, because
of topical (skin allergy) and systemic (nephrotoxicity and
hepatotoxic) side effects of Nigella sativa seed, most stud-
ies have investigated the effect of active part of Nigella
sativa (Thymoquinone). In this regard, Kokoska et al
study (27), in line with the present study, showed that the
Nigella sativa extracted by the broth microdelution meth-
od (BMDM) could inhibit the growth of pathogenic oral
bacteria, especially Streptococcus mutans and subrinus;
however, the difference in statistical values may be related
to the different drug structure studied (28). The study by
Harzallah et al (29), in line with the present study of the
antimicrobial effects of Nigella sativa seed (Tunisia spe-
cies) extracted by BMDM, showed that Nigella sativa oil
had a dose-dependent antibacterial effect. In contrast, pure
thymoquinone was effective against all studied strains,
especially Sturgeon, and its growth inhibitory effects on
human epithelial cells were strong. Mohammed (30) who
investigated the effect of 2 different types of black Nigella
sativa extract on 2 cariogenicic bacteria (Streptococcus
mutans and methis) stated that methanolic extract of Ni-
gella sativa seed (with 6.3 mm area inhibitory value
against Streptococcus mutan) was more effective than
ethanolic extract (12.7 mm diameter). However, in this
study, the effect of Nigella sativa nano-drug was com-
pared with CHX in a various common cariogenicic bacte-
ria. Sufya et al (31) study showed that the Nigella sativa
oil extract of Libya had a significant effect on Escherichia
coli and Streptococcus aureus but had a greater effect on
Streptococcus aureus and a more significant effect on
Streptococcus aureus. However, unlike the 2 above stud-
ies, the effect of different concentrations of nano drug on
bacterial species was investigated in the present study, as
toxicity evaluations about different concentrations are
necessary for therapeutic assessments and oral flora con-
tain various bacteria (32,33).

In the in vitro study of Ugur AR, et al, titled as “Anti-
bacterial Activity of Nigella sativa Oil Against gram-
positive and gram-negative bacteria, consistent results
http://mjiri.iums.ac.ir
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were shown with other researches in terms of gram-
positive bacteria. Ugur study showed that Nigella sati-
va oil compared with the control group had no cytotoxic
effect on the proliferation of the gingival fibroblasts. Ni-
gella sativa was very active against Methicillin-Resistant
CoNS and Methicillin-Resistant Staphylococcus aureus,
which had no in vitro cytotoxicity at relevant concentra-
tions up to 1 pg/mL. It seems that antimicrobial activities
of a specific plant may differ depending on geographical
location where it has been cultivated (34).

The effect of Nigella sativa on caries can be since, in
addition to its antimicrobial effect, Nigella sativa seed oil
inhibits the adhesion of streptococcus mutans to the tooth
surface. The antimicrobial mechanism of Nigella sativa is
not yet well understood. However, it may be related to
active compounds, particularly thymoquinone and mela-
nin, and the widespread activity of these components can
also be due to the impact on critical processes of microor-
ganisms.

The strengths of study

Nano drugs have recently been developed and intro-
duced because of their benefits (more extended durability
and targeted tissue distribution, and reduced side effects)
as a novel production method that has been of interest to
researchers in various clinical medicine disciplines; and in
this study, for the first time, the antibacterial effects of
nanoemulsion of Nigella sativa were investigated by broth
macro dilution and disk diffusion methods on the most
common cariogenic and compared with standard control
drug (Chlorhexidine). Since in the present study, as the
first study, we were faced with limitations in selecting
bacterial species, only the common oral microbes, mostly
LAB, were investigated. In the case of molecular, cellular
studies on the mechanism of its action, the use of this herb
in toothpaste and other oral hygiene products is recom-
mended. Finally, it is recommended that other researchers
investigate the inhibitory effects of different concentra-
tions of Nigella sativa and other nanocarriers with differ-
ent sizes on-resistance of bacterial species.

Conclusion

Overall, the present study showed that Nigella sati-
va nanoemulsions were effective on common cariogenic
pathogens, as Enterococcus faecalis and Lactobacillus
faecalis were more resistant and more sensitive species to
this nanoemulsion respectively, however, the antimicrobi-
al effects of Nigella sativa nanoemulsions were weaker
than the standard drug of chlorhexidine.
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