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Abstract
Streptococcus mutans is a bacterium involved in the formation of caries. Red ginger essential oil is 
extracted from rhizomes, has a content of natural compounds, and is used in medicine for antibacterial, 
anti-inflammatory, and anticancer. To prove the effect of red ginger essential oil on Streptococcus 
mutans bacteria. The agar diffusion method is performed to test antimicrobial activity and determine 
the Minimum Inhibitory Concentration (MIC) against Streptococcus mutans. Furthermore, the adherence 
test of Streptococcus mutans bacteria was carried out using a spectrophotometer λ = 570nm. MIC 
red ginger essential oil against Streptococcus mutans bacteria at concentrations of 0.78% and 1.56%. 
In the 0.78% concentrate, an adherence value of 2.12 was obtained and in the 1.56% concentrate, 
an adherence value of 1.93 was obtained and 3.125% concentrate obtained an adherence value of 
1.78. Red ginger essential oil has potential as an antimicrobial agent by inhibiting the adherence of 
Streptococcus mutans bacteria.
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INTRODUCTION

 Dental caries poses a significant oral 
health challenge in Indonesia, as indicated by 
findings from the 2018 Basic Health Research 
(RISKESDAS). As reported in the same study, the 
prevalence of caries in Indonesia, reaching 88.8%, 
surpassed the target set by the World Health 
Organization (WHO).1,2 Dental caries is a condition 
where teeth are demineralized due to bacteria 
that produce acids as a result of carbohydrate 
fermentation and will colonize to form biofilms.1,3,4-7 
Streptococcus mutans, a gram-positive bacterium, 
is identified as the primary culprit behind dental 
caries development in humans. Foods containing 
carbohydrates, especially sucrose, can accelerate 
the attachment of Streptococcus mutans to the 
enamel surface and will become dental plaque. 
These bacteria produce acids to lower the pH 
of the host or its surroundings.8-11 A biofilm is a 
collection of microbes attached to the surface of 
a tooth and encased in a polysaccharide matrix. 
Bacterial biofilms consist of bacterial enzymes 
such as GTF, FTF polysaccharides, nucleic acids, 
proteins, bacterially secreted compounds, salivary 
components (including salivary enzymes and food 
debris), and other host constituents. Mechanical 
cleaning, such as brushing and flossing, can serve 
to control bacterial biofilms on the surface of 
teeth.1,11-15 Caries prevention measures to date 
are carried out with the administration of effective 
ingredients such as fluoride.1,13-19 Excessive use 
of fluoride has side effects of fluorosis.1,13 Herbal 
medicines today are developed and receive greater 
attention because they have many properties, are 
safer to cure diseases, and are well tolerated.20 
Natural ingredients such as herbal plants that can 
be used to prevent caries are red ginger because 
it has various health benefits. Red ginger has 
benefits as an antibacterial, anti-inflammatory, 
and anticancer.21-24 Red ginger essential oil, as a 
small aromatic, organic, and molecular natural 
metabolic product, is a volatile compound of red 
ginger that plays an important role in therapeutic 
activity.23,25 Red ginger essential oil is a natural 
ingredient that shows the best antibacterial 
activity against gram-positive bacteria such as 
Streptococcus mutans bacteria.23,24,26-29 Some 
researchers have attributed the antibacterial 
activity of red ginger essential oil to key active 

ingredients such as zingiberene, α-farnesene, 
6-gingerol, and α-curcumene. Zingiberene has 
the highest content of all components, followed 
by α-curcumene.22-24,30 Previous research has 
been conducted on red ginger essential oil 
on Staphylococcus aureus as an antibacterial, 
obtaining effective concentrations of MIC of 2.0 
and 1.0 μL/mL.22 The process of colonization 
of Streptococcus mutans bacteria on tooth 
surfaces, known as biofilm formation, involves 
physicochemical and molecular interactions that 
begin with the process of bacterial adherence.24,29,30 
Bacterial adherence is the first step in the 
formation of caries, which involves the interaction 
between the tooth surface.9,29,30 One of the most 
important pathogenic mechanisms of bacteria 
is its adherence capacity through electrostatic 
and chemical interactions on the surface of teeth 
and other bacteria in the complex extracellular 
matrix.14,29,31,32

 The purpose of this study is to assess the 
optimal concentration of red ginger essential oil 
for its antibacterial efficacy against Streptococcus 
mutans and to substantiate its effectiveness in 
hindering the adherence of Streptococcus mutans 
bacteria.

METHODS 

 The first phase is the preliminary stage, 
which involves the production of bacterial culture 
and ginger essential oil. Bacterial culture was 
used to multiply S. mutans Serotype C stock 
obtained from Airlangga University's Research 
Center by inoculating one dose of pure S. mutans 
culture into Tryptone Soya Broth (TSB) media 
and incubation at 37°C for 24 hours. The steam 
dilution is then used to create ginger essential 
oil. Red ginger was obtained from the Herbal 
Material Medika Laboratory, Malang. After that, 
the ginger was cleaned with distilled water to 
remove the microbes on the red ginger, then it 
was sliced thin and then put in steam distillation 
for five hours until the essential oil was obtained. 
To analyze the compounds present in essential 
oils, an examination was carried out using Gas 
Chromatography-Mass Spectrometry (GC-MS). 
The acquired essential oil was preserved in a 
yellow container at a temperature of 4°C until its 
utilization. After completing the preparation stage, 



  www.microbiologyjournal.org544Journal of Pure and Applied Microbiology

Nuraini et al | J Pure Appl Microbiol. 2024;18(1):542-548. https://doi.org/10.22207/JPAM.18.1.37

test the MIC and MBC first. Microdilution tests 
were performed on concentrations of 100%, 50%, 
25%, 12.5%, 6.25%, 3.125%, 1.56%, and 0.78%. 
In each test tube, 0.05 ml of the bacterial culture 
with the McFarland 0.5 standard was cultivated 
in BHIB medium in each test tube with a varied 
concentration. This is known as the treatment 
group. Following that, the positive control 0.05 ml 
of BHIB media and Streptococcus mutans bacterial 
suspension (with McFarland standard 0.5) were 
prepared without the addition of red ginger 

essential oil. Negative controls were created using 
BHIB media with sucrose or red ginger essential oil. 
The test tubes were then all incubated. The biofilm 
adherence test of Streptococcus mutans bacteria 
was cultivated in a test tube for 24 hours in Brain 
Heart Infusion Broth (BHIB) media with a slope of 
30°C at 37°C. Tube K0 contains cultures cultured in 
Brain Heart Infusion Broth (BHIB), tube K1 contains 
cultures cultured in BHIB with 5% sucrose as the 
negative control group, and tubes P1, P2, and P3 
contain cultures cultured in BHIB with 5% sucrose 

Table. Average and standard deviation of adherence of Streptococcus mutans bacteria after administration of 
red ginger essential oil

No. Groups N Mean SD Maximum Minimum

1. Streptococcus mutans + BHIB 4 1.68 0.037 1.63 1.72
2. Streptococcus mutans + BHIB + Sucrose 5%  4 2.32 0.086 2.21 2.41
3. Streptococcus mutans + BHIB + Sucrose 5% +  4 2.12 0.021 2.1 2.15
 essential oil 0.78%
4. Streptococcus mutans + BHIB + Sucrose 5% +  4 1.93 0.031 1.89 1.96
 essential oil 1.56%
5. Streptococcus mutans + BHIB + Sucrose 5% +  4 1.78 0.034 1.75 1.8
 essential oil 3.125%

Figure. Bar table of the average adherence concentration of bacteria for each group
*: Significant difference value (P<0.05) between treatment groups
#: Value of significance difference (P<0.05) between certain groups with group 1 
##: The value of the difference in significance (P<0.05) between certain groups with group 2
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and ginger essential oil. The culture is then slowly 
drained out of the test tube. Cells adhered to the 
tube's surface were removed with 0.5 M NaOH 
and centrifuged. The cells were then cleaned and 
submerged in a saline solution. Their adherence 
was observed using a spectrophotometer (BIORAD 
SmartSpec Plus) with a wavelength of 570 nm.

RESULTS

 The ginger essential oil obtained consists 
of 1,4 Cineol, Alpha-Curcumen, Alpha-Zingiberene, 
(E)-farnesene, Beta-Bisabolene. MIC results were 
found in the treatment consisting of BHIB with 
Streptococcus mutans, 5% sucrose, and 0.78% red 
ginger essential oil, and BHIB with Streptococcus 
mutans, 5% sucrose, and 1.56% red ginger 
essential oil. MBC results on treatment consisting 
of BHIB with Streptococcus mutans, 5% sucrose, 
and 3.125% red ginger essential oil, are shown in 
Table.
 The findings indicated that, subsequent 
to exposure to ginger essential oil, the average 
adherence of Streptococcus mutans exhibited a 
decline when compared to the negative control 
group, wherein Streptococcus mutans was 
cultivated in BHIB + 5% sucrose media. Notably, as 
the concentration of ginger essential oil increased, 
the average adhesion of the Streptococcus mutans 
bacterium decreased. This substantiates the 
correlation that a heightened concentration of 
ginger essential oil corresponds to a diminished 
adhesion of the Streptococcus mutans bacterium 
(Figure).
 Data analysis was performed using 
Kolmogorov-Smirnov to see the normality of the 
data distribution. Then, the homogeneity between 
the data variances was tested using Levene's Test. 
The Oneway-ANOVA and Duncan tests are carried 
out to determine the significance of the differences 
between groups. As per the outcomes of the 
Kolmogorov-Smirnov normality test conducted 
through the SPSS (Statistical Product and Service 
Solution) software, it was determined that all 
groups exhibited normal distribution, with a 
p-value of 0.790 (p < 0.05). Subsequently, a test 
for homogeneity of sample variances was executed 
utilizing Levene's Test to assess whether variance 
homogeneity was satisfied. The value of p = 
0.123 (p > 0.05) was obtained, which means that 

the data between variances are homogeneous. 
However, in this study, there was a group whose 
normality still needed to be fulfilled. Consequently, 
the decision was made to employ the parametric 
test, specifically Oneway ANOVA, resulting in a 
probability value of 0.000. This probability value 
is below the 0.05 significance level, signifying the 
rejection of the null hypothesis (H0). Hence, it can 
be inferred that a statistically significant difference 
exists between the groups.
 
DISCUSSION 

 Streptococcus mutans is a pathogenic 
bacterium found in the human body, mainly 
located on the surface of the teeth which 
contributes to the development of caries.22-24,30 
The karyogenic potential of Streptococcus mutans 
is attributed to its ability to form biofilms on 
tooth surfaces.10,11,28,33-35 The prevalence of dental 
caries in the population in developing countries is 
currently still high, so research is needed related 
to efforts to prevent dental caries. Currently, the 
therapy used in the prevention of dental caries is 
to use fluoride both systemically and topically.1, 17-20 
The topical use of fluoride that children often use is 
toothpaste. Children who tend not to understand 
the use of toothpaste often swallow paste when 
brushing their teeth, so fluorosis will be at risk.1,17 
The exact pathomechanism of fluorosis remains 
incompletely understood; however, it is highly 
probable that the process occurred at the time 
of biomineralization resulting in mineralization 
disorders. The clinical manifestations of fluorosis 
manifest as hypomineralization and increased 
porosity of enamel, potentially causing significant 
hypoplasia of enamel. Enamel fluorosis is clinically 
evident through stains and varying degrees of 
discoloration on the enamel.17 With the toxicity 
of fluoride, herbal ingredients were developed 
that have antibacterial benefits. This study used 
essential oil from red ginger because it has high 
antibacterial activity compared to other types 
of ginger.36 Essential oils can be obtained from a 
wide variety of plants, one of which is red ginger. 
Parts of the plant such as leaves, flowers, fruits, 
seeds, stems and rhizomes can be processed 
into essential oils. The rhizome or part we often 
know as the "root" is most commonly processed 
because it contains the highest concentration 
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of essential oils. The results of this research are 
the same as previous research, the chemical 
compounds of red ginger essential oil that 
has antibacterial activity include zingiberene, 
α-farnesene, 6-gingerol, and α-curcumene. The 
highest content of essential oil from ginger is 
zingiberene.23,31,32 The mechanism of action of red 
ginger essential oil as an antibacterial is carried 
out by damaging cell membranes, destroying cell 
membrane structures, and denaturing proteins, 
causing bacterial cell death. Growth metabolites 
such as enzymes, proteins, water, carbohydrates, 
and organic ions are bound by the hydrophobic 
compounds of red ginger essential oil so that 
the survival needs of bacterial cells are not met. 
Essential oils have also been shown to interfere 
with bacterial metabolism by interfering with 
protein expression in bacteria, especially some 
large molecular-weight proteins.7,27 From the MiC 
and MBC tests, the MIC concentration of red ginger 
essential oil against Streptococcus mutans bacteria 
was 0.78% and 1.56%, and the MBC concentration 
was 3.125%. The results will be used for further 
research on the adherence test of red ginger 
essential oil against Streptococcus mutans bacteria 
using 0.78%, 1.56%, and 3.125% concentrates. 
Processes of bacterial colonization on tooth 
surfaces, known as biofilm formation, begin with 
the process of bacterial adherence.10,16,28,34 The 
adherence of Streptococcus mutans bacteria 
works through the enzyme glucosyltransferase, 
which converts sucrose into glucan.1,12,15,28 These 
glucans play a role in bacterial adherence, which 
will then form biofilms, which can increase the 
adherence of Streptococcus mutans to the tooth 
surface.1 Besides attaching bacteria through the 
adherence of specific bonds between bacteria 
and hosts, bacteria can also attach to tooth 
surfaces with non-specific physical bonds such 
as van der Waals forces, electrostatic forces, and 
hydrophobic interaction.36 In classical DLVO theory, 
the process of bacterial adherence is produced 
from the Lifshitz-Van der Waals force, namely 
the process of electrostatic bilayer interaction 
and acid-base binding.37 In bacteria, there are 
fimbriae that contribute to the initial adherence 
of the tooth surface and the adherence between 
bacteria. Fimbriae are proteins from the EPS 
matrix (extracellular polysaccharide) that play a 
role in the formation of biofilms and increase the 

development of EPS.35,38,39 The second adherence 
process is irreversible through bacterial cell surface 
hydrophobicity, hydrogen bonds, covalent bonds, 
ionic bonds, and dipole-dipole interactions.35

CONCLUSION

 The red ginger essential oil can act as an 
antibacterial Streptococcus mutans. Essential oils 
can decrease the adherence of bacterial biofilms as 
antibacterial Streptococcus mutans. The increase 
in the concentration of essential oils by 0.78%, 
1.56%, and 3.125% lowers the adherence of 
Streptococcus mutans.
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