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-
Abstract

~

Antimicrobial resistance poses a significant global health challenge, necessitating the search for novel therapeutic
approaches. Streptococcus mutans, a key etiological agent in dental caries, requires innovative strategies due to its biofilm-
forming ability and resistance to conventional antibiotics. Natural plant-derived compounds have garnered attention as
potential antimicrobial agents with a low risk of resistance development. In this study, we investigated the synergistic
antibacterial effect of a hydroalcoholic Mentha extract combined with alum against Streptococcus mutans (PTCC 16836). The well
diffusion assay demonstrated that alum exhibited a larger inhibition zone diameter (12.04 + 2.02 mm) compared to the
hydroalcoholic Mentha extract (10.33 + 1.53 mm). However, the minimum inhibitory concentration (MIC) values for the
hydroalcoholic Mentha extract (8.20 + 5.57 mg/mL) and alum (0.35 + 0.20 mg/mL) were comparable. The minimum bactericidal
concentration (MBC) for the hydroalcoholic Mentha extract was 10 mg/mL, while the MBC for alum was 0.625 + 0.006 mg/mL.

Streptococcus mutans. The study's findings suggest potential applications in dentistry, offering a natural and effective adjunctive
treatment for dental caries management. The underlying mechanisms of this synergistic effect warrant further exploration. To
translate these promising findings into clinical applications, further in vivo investigations and rigorously designed clinical trials

provide an environmentally sustainable and cost-effective approach in the fight against antimicrobial resistance.
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The combination of these substances demonstrated a synergistic effect, indicating enhanced antibacterial activity against

are necessary to establish the safety and efficacy of this combination therapy. The natural origin of these substances may

J

1. Background

In recent years, antimicrobial resistance has emerged
as a significant global health challenge, necessitating
the search for novel and effective antibacterial agents.
Pulp necrosis, the death of dental pulp tissue, can result
from various causes, including bacterial infections,
traumatic injuries, and exposure to chemical irritants
(1). Notably, root canal infections and pulp pathologies
often involve a polymicrobial consortium, consisting of
multiple bacterial species (2). Facultative anaerobic
bacteria are frequently present in pulp and root canal
infections (3). Necrotic root canals exhibit a distinct
microbial profile, with facultative anaerobes making up

57.14% and aerobes comprising 42.86% of the bacterial
population (4).

Among oral pathogens, Streptococcus mutans, a gram-
positive, facultatively anaerobic bacterium, is a primary
and extensively studied etiological agent associated
with dental caries and other oral infections (5). This
species is a key member of the oral microbiome,
particularly abundant in dental plaque biofilms, and is
responsible for initiating the caries process through its
acidogenic and aciduric properties. Streptococcus mutans
accounts for a significant proportion of cariogenic
bacteria in the oral cavity and has been implicated in
various oral and systemic conditions, including dental
caries, endocarditis, and bacteremia (6, 7). Its ability to
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produce extracellular polysaccharides, tolerate acidic
environments, and form robust biofilms makes it a
formidable contributor to oral disease, particularly in
the presence of dietary sugars. Streptococcus mutans, as a
key etiological agent in dental caries, poses a
considerable public health concern due to its biofilm-
forming capacity and resistance to conventional
antimicrobial therapies. Consequently, there is a
growing interest in exploring alternative treatment
strategies that can combat bacterial infections while
reducing the risk of resistance development (8).

Natural plant-derived compounds have garnered
substantial attention for their potential antimicrobial
properties and low likelihood of inducing resistance (9).
Mentha (mint) plants are known to contain a diverse
array of bioactive constituents, including polyphenols,
flavonoids, and essential oils, which have demonstrated
antibacterial activity against various pathogens.
Additionally, alum (aluminum potassium sulfate) has
been historically employed for its astringent and
antimicrobial properties, though its potential in
combination with botanical extracts remains largely
unexplored (10).

The present study aims to investigate the synergistic
antimicrobial effect of a hydroalcoholic extract of
Mentha in conjunction with alum against Streptococcus
mutans. The choice of Streptococcus mutans as the target
pathogen is based on its clinical significance in oral
health and the need for novel approaches to control its
growth effectively. To comprehensively evaluate the
antimicrobial properties of this combination, a variety
of well-established antimicrobial susceptibility testing
methods will be employed, including the well diffusion
assay, minimum inhibitory concentration (MIC),
minimum bactericidal concentration (MBC), and the
checkerboard titration technique. These methods will
allow for a thorough assessment of the antimicrobial
efficacy of the individual components and their
combined effects, potentially providing valuable
insights into their synergistic interactions.

In this context, we present the results of the
inhibition zone diameter of the hydroalcoholic Mentha
extract and alum, as well as their respective MIC and
MBC values against Streptococcus mutans. The
combination of the hydroalcoholic Mentha extract and
alum holds promise as an innovative and effective
antibacterial approach, and the findings of this study
may pave the way for the development of alternative,
nature-based therapeutics to combat bacterial
infections.

2. Objectives

Ultimately, this research seeks to expand the
knowledge base on natural antimicrobial agents and
explore the potential of this synergistic combination as
an adjunctive therapy in dentistry or other fields. This
effort aligns with the global fight against antimicrobial
resistance, promoting public health by offering
sustainable alternatives to conventional antibiotics.

3.Methods

3.1. Plant Material and Extract Preparation

Fresh Mentha plants were collected from a local
herbal garden, and the leaves were thoroughly washed
to remove any contaminants. The plant material was
then dried in the shade and ground into a fine powder. A
hydroalcoholic extract was prepared by macerating 50
grams of Mentha powder in 500 mL of 70% ethanol for 72
hours, with intermittent shaking. The extract was
filtered, and the solvent was evaporated under reduced
pressure at a controlled temperature of 40°C to obtain a
dry residue. The extract was stored in an airtight
container at 4°C, protected from light and air, until
further analysis (11).

3.2. McFarland Standard Preparation

A 0.5 McFarland standard solution is prepared by
adding 0.5 mL of 1.2% (w/v) barium chloride dihydrate
solution to 99.5 mL of 1% sulfuric acid. This solution,
stored in a dark environment for up to six months to
minimize photodegradation, serves as a reference for
determining bacterial suspension concentrations. The
turbidity of the McFarland standard solution
corresponds to an approximate bacterial concentration

of 1.5 x 108 colony-forming units per milliliter (CFU/mL).
To prepare a bacterial suspension with an equivalent
concentration, fresh and pure bacterial colonies are
inoculated into a tube containing sterile phosphate-
buffered saline (PBS).

By visually comparing the turbidity of the resulting
suspension to that of the 0.5 McFarland standard
solution, a suspension containing approximately 1.5 x

108 CFU/mL of bacteria can be achieved (12).

3.3. Bacterial Strain and Culture Conditions

Streptococcus mutans (PTCC 16836) was obtained from
the Persian Type Culture Collection (PTCC) and
maintained on LB (Luria-Bertani) agar slants at 4°C. Prior
to each experiment, a fresh subculture of the bacterium
was prepared by inoculating a loopful of the strain into
LB broth and incubating it overnight at 37°C (13). The
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standard Streptococcus mutans (PTCC 16836), obtained in
lyophilized form from the Iran Scientific and Industrial
Research Organization, was revived by culturing it on LB
agar medium for 24 hours at 37°C under
microaerophilic conditions. Following incubation, the
bacterial suspension was adjusted to a 0.5 McFarland
standard and diluted 1:100 in LB broth to achieve a final

concentration of approximately 1.5 x 10® CFU/mL. One
hundred microliters of this diluted bacterial suspension
were added to each well containing the serially diluted
test compounds, including positive and negative
controls.

3.4. Determination of Inhibition Zone Diameter

The agar well diffusion method was employed to
evaluate the in vitro antimicrobial activity of the
hydroalcoholic Mentha extract and alum (potassium
aluminum sulfate) against Streptococcus mutans. This
technique assessed the ability of these agents to inhibit
bacterial growth. LB agar plates were inoculated with an
overnight culture of Streptococcus mutans using a sterile
cotton swab to achieve a uniform lawn of growth. Wells
were then created in the agar using a sterile cork borer
(6 mm in diameter).

Next, 100 yL of various concentrations of the Mentha
extract and alum solutions were added to separate wells.
The plates were incubated at 37°C for 24 hours, after
which the inhibition zone diameters were measured in
millimeters (mm) (14). All experiments were performed
in triplicate to ensure reproducibility, and the results
were expressed as mean + standard deviation. Statistical
analysis was conducted using one-way ANOVA, followed
by Tukey's post-hoc test, to determine significant
differences between treatments (P < 0.05).

3.5. Determination of Minimum Inhibitory Concentration
and Minimum Bactericidal Concentration

The MIC and MBC values of the hydroalcoholic
Mentha extract and alum were determined using the
microdilution method in 96-well microtiter plates. Two-
fold serial dilutions of each substance were prepared in
LB broth to achieve a concentration range covering a
suitable spectrum.

The bacterial inoculum was standardized to a 0.5
McFarland standard and subsequently diluted in LB
broth to achieve a final concentration of approximately

1x10° CFU/mL. Aliquots of the bacterial suspension were
added to each well containing the test substances, along
with positive and negative controls. After incubation at
37°C for 24 hours, the MIC was determined as the lowest
concentration of the test substance that completely
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suppressed visible bacterial growth, assessed by either
optical density (OD) measurements or direct visual
observation. For the MBC determination, aliquots from
the wells showing no visible growth were subcultured
onto LB agar plates and incubated at 37°C for an
additional 24 hours. The minimum bactericidal
concentration was identified as the lowest
concentration of the test substance that resulted in no
visible bacterial growth on the agar plates after
subculturing (15).

3.6. Checkerboard Titration

The Checkerboard Titration method was employed to
evaluate the combined antimicrobial effect of the
hydroalcoholic Mentha extract and alum against
Streptococcus mutans. The same microdilution technique
used for MIC determination was applied, but this time,
the two substances were combined in various ratios and
concentrations. The fractional inhibitory concentration
index (FICI) was calculated to determine whether the
interactions between the two agents were synergistic,
additive, or antagonistic (16).

3.7. Statistical Analysis

All experiments were performed in triplicate, and the
data are presented as mean + standard deviation (SD).
Statistical analysis was conducted using appropriate
parametric tests, such as one-way analysis of variance
(ANOVA) for normally distributed data involving
multiple groups, or Student's t-test for normally
distributed data with two groups, to assess significant
differences between the groups. A P-value threshold of
0.05 was used to determine statistical significance.

4. Results

4.1. Inhibition Zone Assay

The aim of the present study was to assess the
antimicrobial effects of hydroalcoholic extracts of
Mentha and alum against standard strains of
Streptococcus mutans (PTCC 16836) under laboratory
conditions. The well diffusion method was used to
measure the diameter of the growth inhibition zone for
Mentha extract at a concentration of 80 mg/mL and
alum at a concentration of 10 mg/mL against
Streptococcus mutans. The results, presented in Figure 1
and Table 1, show the values of the growth inhibition
zone in millimeters.

The hydroalcoholic extract of Mentha exhibited the

greatest in vitro inhibitory effect against Streptococcus
mutans at a concentration of 50 mg/mL, with a zone of
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Figure 1. Inhibition Zone diameter induced by Mentha extract, Alum, and PBS on Streptococcus mutans. ** indicated the statistically significant with P<0.01.
Table 1. Inhibition Zone Diameter, MIC and MBC Values the Mentha extract and Alum Against Streptococcus mutans *
Substance Inhibition Zone Diameter (mm) MIC (mg/mL) MBC (mg/mL)
Mentha extract 10.33£1.53 8.20%5.57 10.000 £0.000
Alum 12.04 £2.02 0.35%+0.20 0.625+0.006
PBS 3.33£115

Abbreviations: MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration; PBS, phosphate-buffered saline.

2Values are expressed as mean + SD.

growth inhibition measuring 10.33 £ 1.53 mm. Notably,
alum exhibited a larger zone of inhibition (12.04 £ 2.02
mm). These findings indicate that both the
hydroalcoholic Mentha extract and alum demonstrate
antimicrobial activity against Streptococcus mutans. The
diameter of the inhibition zone represents the area of
bacterial growth inhibition around the test substance,
with a larger zone indicating stronger antimicrobial
activity.

4.2. Minimum Inhibitory Concentration and Minimum
Bactericidal Concentration Assay

To further assess the antimicrobial activity of the
hydroalcoholic Mentha extract and alum against
Streptococcus mutans, the MIC and MBC were
determined. As shown in Table 1, these values were
obtained through serial dilutions of the extract and
alum, starting at concentrations of 80 mg/mL and 10
mg/mL, respectively

The results revealed that the MIC and MBC values of
the extract against Streptococcus mutans were
approximately 8.21 + 5.57 mg/mL and 10.05 * 0.06
mg/mL, respectively. In comparison, alum exhibited
lower MIC and MBC values of 0.35 £ 0.20 mg/mL and
0.63 £ 0.02 mg/mL.

A 96-well microplate was used for the MIC assay
(Figure 2A), where the absence of visible bacterial
growth in specific wells indicated the inhibitory effect
of the extract and alum at those corresponding
concentrations. For MBC determination, LB agar plates
were utilized (Figure 3).

The absence of bacterial growth on these plates
following subculturing confirmed the bactericidal
effect of the test substances at specific concentrations.
The specific MIC and MBC values for the Mentha extract
and alum are presented in Table 1.

4.3. Synergistic Assay via Checkerboard Titration Test
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Figure 2. A, 96-well microplate to determine the MIC; and B, the synergetic activity of the Mentha extract and Alum against Streptococcus mutans.

To investigate the synergistic effects of Mentha extract
and alum, the Checkerboard Titration method was
utilized. First, concentrations of 10, 5, 2.500, 1.250, 0.625,
0.312, 0.156, and 0.087 mg/mL were prepared from a
stock solution of 20 mg/mL alum. To assess the
synergism between the two compounds, 100 pL of LB
Broth was added to all wells in a 96-well microplate with
64 wells (8 x 8). Then, 100 uL of a 160 mg/mL stock of
peppermint extract was added to the first vertical
column, resulting in a concentration of 80 mg/mL
Mentha extract in the first vertical row. Serial dilution
was performed by transferring 100 pL from each well to
the next until 100 uL was transferred from the last well
outside the plate.

Next, 100 pL of a 10 mg/mL alum stock was added to
the first horizontal row (A). A 5 mg/mL concentration
was added to the second horizontal row (B). For rows C

Jundishapur ] Nat Pharm Prod. 2024;19(4): e148545

through H, concentrations of alum were added as
follows: 100 pL of 2.500 mg/mL in row C, 1.250 mg/mL in
row D, 0.625 mg/mL in row E, 0.312 mg/mL in row F, 0.156
mg/mL in row G, and 0.087 mg/mL in row H. The final
volume in each well was 200 uL (Figure 2B).

After preparing the dilutions, 20 pL of a 15 x 10°
CFU/mL suspension of Streptococcus mutans was
inoculated into all the wells. Table 2 shows the
concentrations of the compounds wused in the
synergism test. The results of the Checkerboard
Titration test were analyzed using the fractional
inhibitory concentration (FIC) formula. According to the
FIC analysis, if the value is less than 0.5, the two
compounds exhibit a synergistic effect. If the FIC is
greater than 4, the compounds have an antagonistic
effect. Fractional inhibitory concentration values
between 0.5 and 4 indicate an additive or increasing
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Alum 4

Figure 3. Blood agar plates to MBC assay of the Mentha extract and Alum against Streptococcus mutans.

effect. Based on the results of the FIC Index calculation,
most of the concentrations demonstrated an increasing
effect of Mentha extract and alum.

5. Discussion

This study's key finding is the demonstration of a
synergistic ~ antibacterial effect between the
hydroalcoholic Mentha extract and alum against
Streptococcus  mutans. This suggests that the
combination may be more effective than either agent
alone. The combination of these two substances showed
enhanced antimicrobial activity compared to their
individual effects, indicating a potential novel approach
for combating Streptococcus mutans infections.

The inhibition zone diameter results revealed that
alum exhibited a larger zone of inhibition (12.04 + 2.01
mm) compared to the hydroalcoholic Mentha extract
(1033 *+ 1.53 mm). However, when examining the MIC
and MBC values, the hydroalcoholic Mentha extract

showed comparable potency (MIC: 8.20 + 5.57 mg/mlL,
MBC: 10 mg/mL) to alum (MIC: 0.35 £ 0.20 mg/mL, MBC:
0.63 £ 0.02 mg/mL). The differences in the inhibition
zone diameter and MIC/MBC values suggest that the
mode of action and antimicrobial mechanisms of these
substances might differ.

Our study aligns with previous research reporting
the antimicrobial activity of Mentha extract and alum
against various bacterial strains. However, there is
limited literature on the specific combination of
hydroalcoholic Mentha extract with alum against
Streptococcus mutans. This study provides novel evidence
in the field, highlighting the potential of combining
these natural substances to combat this specific
pathogen.

The observed synergistic effect of the hydroalcoholic
Mentha extract with alum on Streptococcus mutans
growth inhibition may be attributed to their distinct
mechanisms of action. Mentha extract contains various
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Table 2. Checkerboard Titration Assay of mutans Mentha extract and Alum Against Streptococcus mutans
Samples Concentrations of Mentha Extract and Alum (mg. mL)
A
Mentha extract (mg. mL™) 80 40 20 10 5 2.500 1250 0.625
Alum (mg. mL™) 10 10 10 10 10 10 10 10
B
Mentha extract (mg. mL-1) 80 40 20 10 5 2.500 1.250 0.625
Alum (mg. mL-1) 5 5 5 5 5 5 5 5
C
Mentha extract (mg. mL-1) 80 40 20 10 5 2.500 1250 0.625
Alum (mg. mL-1) 2.500 2.500 2.500 2.500 2.500 2500 2500 2.500
D
Mentha extract (mg. mL-1) 80 40 20 10 5 2,500 1.250 0.625
Alum (mg. mL-1) 1250 1250 1250 1250 1250 1250 1250 1250
E
Mentha extract (mg. mL-1) 80 40 20 10 5 2.500 1250 0.625
Alum (mg. mL-1) 0.625 0.625 0.625 0.625 0.625 0.625 0.625 0.625
F
Mentha extract (mg. mL-1) 80 40 20 10 5 2.500 1.250 0.625
Alum (mg. mL-1) 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312
G
Mentha extract (mg. mL-1) 80 40 20 10 5 2.500 1.250 0.625
Alum (mg. mL-1) 0156 0156 0156 0.156 0.156 0.156 0.156 0.156
H
Mentha extract (mg. mL-1) 80 40 20 10 5 2.500 1.250 0.625
Alum (mg. mL-1) 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078
bioactive compounds, including polyphenols and formation and acid production. The demonstrated

flavonoids, which have been reported to disrupt
bacterial cell membranes, inhibit vital enzymes, and
interfere with cellular processes. Meanwhile, alum's
antimicrobial activity is attributed to its ability to
induce protein denaturation and disrupt the bacterial
cell wall. The combination of these agents likely targets
multiple bacterial pathways, leading to enhanced
bacterial growth inhibition.

It is plausible that the hydroalcoholic Mentha extract
and alum act through complementary pathways,
enhancing bacterial growth inhibition. The
combination of multiple bioactive compounds in
Mentha extract and alum may result in greater
disruption of bacterial cell structures, metabolic
pathways, or vital enzymes, ultimately contributing to
the observed synergistic effect.

The synergistic combination of hydroalcoholic
Mentha extract with alum holds promise for potential
applications in dentistry, particularly in the prevention
and treatment of dental caries caused by Streptococcus
mutans. Dental caries, a prevalent oral health issue, is
primarily associated with Streptococcus mutans biofilm
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antimicrobial efficacy of this combination against
Streptococcus mutans suggests its possible utility as a
natural adjunctive therapy or as a component of oral
care products aimed at reducing bacterial load and
promoting oral health.

The increasing prevalence of antimicrobial
resistance has underscored the need for alternative
antimicrobial agents. While conventional antibiotics
have been used extensively for bacterial infections, their
overuse and misuse have contributed to the
development of resistant strains. The combination of
hydroalcoholic Mentha extract with alum offers a
potentially safer and more sustainable alternative due
to the lower risk of resistance development associated
with natural plant-derived compounds. Moreover, the
synergistic effect may allow for lower -effective
concentrations of both substances, reducing the
likelihood of adverse effects and promoting safer
treatment options.

While this study demonstrated promising results,
several limitations need to be considered. The in vitro
nature of the study may not fully capture the
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complexity of interactions in a biological system.
Therefore, future research should include in vivo studies
and, if feasible, clinical trials to evaluate the safety and
efficacy of this combination in living organisms.
Additionally, assessing the potential cytotoxicity of the
combination on human cells and its effects on other
commensal oral bacteria is essential to determine its
selectivity and safety for oral applications.

This study lays a foundation for future research on
natural antimicrobial agents. Further studies should
focus on identifying and characterizing the active
compounds in the hydroalcoholic Mentha extract and
their interactions with alum. Exploring the potential of
this combination against other pathogenic bacteria and
multidrug-resistant strains could further validate its
broad-spectrum antimicrobial potential. Additionally,
investigating  different  delivery = methods or
formulations to optimize the antimicrobial effects and
improve the stability and shelf life of this combination
would be beneficial.

The use of natural plant-derived compounds like
Mentha extract and alum may positively impact the
environment, as their production generally involves
fewer synthetic chemicals and reduces the ecological
footprint compared to conventional pharmaceuticals.
Moreover, the potential cost-effectiveness of these
natural substances may provide affordable alternatives
for antimicrobial therapy, particularly in resource-
limited settings.

5.1. Conclusions

The present study demonstrated a synergistic
antibacterial effect of hydroalcoholic Mentha extract
combined with alum against Streptococcus mutans.
While alum exhibited a larger inhibition zone diameter,
the hydroalcoholic Mentha extract showed comparable
MIC and MBC values. This finding holds promise for the
development of natural and effective antimicrobial
agents to combat bacterial infections. The synergistic
combination may have potential applications in
dentistry and beyond, offering a safer and more
sustainable approach to addressing antimicrobial
resistance. However, further investigations are
necessary to elucidate the precise mechanisms of
action, explore clinical applications, and ensure the
safety and efficacy of this combination for future
therapeutic use. Overall, this research provides valuable
insights into the field of antimicrobial research and
may pave the way for developing alternative and
effective treatment strategies.

Acknowledgements

This study was supported financially by Jundishapur
University of Medical Sciences, Ahvaz, Iran
(IR.AJUMS.REC.1403.245).

Footnotes

Authors' Contribution: H. M.: Project administration
and writing-review; S. H.: Writing-review and editing,
and Final approved; I K: Methodology; A. N.
Methodology; M. G.: Project administration, Software,
editing, and writing-review.

Conflict of Interests Statement: All the authors
declare no financial or commercial conflict of interest
that could negatively influence the study.

Data Availability: No new data were created or
analyzed in this study. Data sharing does not apply to
this article.

Ethical Approval: IR AJUMS.REC.1403.245

Funding/Support: This study was supported
financially by Jundishapur University of Medical
Sciences, Ahvaz, Iran.

References

1. Chinemerem Nwobodo D, Ugwu MC, Oliseloke Anie C, Al-Ouqaili
MTS, Chinedu Ikem ], Victor Chigozie U, et al. Antibiotic resistance:
The challenges and some emerging strategies for tackling a global
menace. | Clin Lab Anal. 2022;36(9). €24655. [PubMed ID: 35949048].
[PubMed Central ID: PMC9459344]. https://doi.org[10.1002[jcla.24655.

2. Walton RE, Torabinejad M, Bakland LK. Endodontics. Principles and
Practice (10th ed). St. Louis, Missouri: Elsevier. 2009.

3. Sakko M, Tjaderhane L, Rautemaa-Richardson R. Microbiology of
Root Canal Infections. Prim Dent J. 2016;5(2):84-9. [PubMed ID:
28826437|. https://doi.org/10.1308/205016816819304231.

4. Yamin IF, Natsir N. Bakteri dominan di dalamsaluran akar gigi
nekrosis (Dominant bacteria in root canal of necrotic teeth). Journal
of Dentomaxillofacial Science. 2014;13(2).
https://doi.org[10.15562[jdmfs.v13i2.399.

5. de Lima Guimaraes NLS, Otoch HM, de Andrade LC, Ferreira CM,
Rocha MMDNP, de Almeida Gomes F. Microbiological evaluation of
infected root canals and their correlation with pain. Rsho.
2012;9(1):31-7.

6. Pujiastuti P, Lestari S. Perbedaan Efektifitas Antibakteri Ekstrak Daun
Sirih Merah (Piper crocatum) pada Porphyromonas gingivalis dan
Streptococcus viridans. STOMATOGNATIC-Jurnal Kedokteran Gigi.
2015;12(1):1-4.

7. Samaranayake L. Essential microbiology for dentistry 4th ed. Churchil
Livingstone Elsevier. 2012;2012:279-81.

8. Nijampatnam B, Ahirwar P, Pukkanasut P, Womack H, Casals L, Zhang
H, et al. Discovery of Potent Inhibitors of Streptococcus mutans
Biofilm with Antivirulence Activity. ACS Med Chem Lett. 2021;12(1):48-

Jundishapur ] Nat Pharm Prod. 2024;19(4): e148545


https://brieflands.com/articles/jjnpp-148545
https://ethics.research.ac.ir/ProposalCertificate.php?id=495515
https://ethics.research.ac.ir/ProposalCertificate.php?id=495515
http://www.ncbi.nlm.nih.gov/pubmed/35949048
https://www.ncbi.nlm.nih.gov/pmc/PMC9459344
https://doi.org/10.1002/jcla.24655
http://www.ncbi.nlm.nih.gov/pubmed/28826437
https://doi.org/10.1308/205016816819304231
https://doi.org/10.15562/jdmfs.v13i2.399

Malekzadeh H et al.

Brieflands

10.

11.

12.

55. [PubMed ID: 33488963]. [PubMed Central ID: PMC7812604].
https://doi.orgf10.1021/acsmedchemlett.0c00373.

Vaou N, Stavropoulou E, Voidarou C, Tsigalou C, Bezirtzoglou E.
Towards Advances in Medicinal Plant Antimicrobial Activity: A
Review Study on Challenges and Future Perspectives. Microorganisms.
2021;9(10). [PubMed ID: 34683362]. [PubMed Central ID: PMC8541629].
https://doi.org/10.3390/microorganisms9102041.

Anwar F, Abbas A, Mehmood T, Gilani AH, Rehman NU. Mentha: A
genus rich in vital nutra-pharmaceuticals-A review. Phytother Res.
2019;33(10):2548-70. [PubMed ID: 31286590].
https://doi.org/10.1002/ptr.6423.

Gharbavi M, Mousavi M, Pour-Karim M, Tavakolizadeh M, Sharafi A.
Biogenic and facile synthesis of selenium nanoparticles using
Vaccinium arctostaphylos L. fruit extract and anticancer activity
against in vitro model of breast cancer. Cell Biol Int. 2022;46(10):1612-
24.[PubMed ID: 35819083]. https://doi.org/10.1002/cbin.11852.

Edwin Al, Osarobo BA, Evbuomwan SA, Babatunde OS, Harrison I,
Christiana A, et al. Preparation, Antibacterial Activity, MIC and MBC
of Black Soup Against Staphylococcus aureus and Salmonella typhi.
Advances in Biochemistry. 2023;11(2):22-8.

Jundishapur ] Nat Pharm Prod. 2024;19(4): e148545

14.

15.

16.

Xiao ], Zeng Y, Rustchenko E, Huang X, Wu TT, Falsetta ML. Dual
transcriptome of Streptococcus mutans and Candida albicans
interplay in biofilms. | Oral Microbiol. 2023;15(1):2144047. [PubMed ID:
36389056]. [PubMed Central ID: PMC9662060].
https://doi.org/10.1080/20002297.2022.2144047.

Yang K, Li HZ, Zhu X, Su JQ, Ren B, Zhu YG, et al. Rapid Antibiotic
Susceptibility Testing of Pathogenic Bacteria Using Heavy-Water-
Labeled Single-Cell Raman Spectroscopy in Clinical Samples. Anal
Chem.  2019;91(9):6296-303. [PubMed  ID:  30942570].
https://doi.org/10.1021/acs.analchem.9b01064.

Parvekar P, Palaskar ], Metgud S, Maria R, Dutta S. The minimum
inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of silver nanoparticles against Staphylococcus
aureus. Biomater Investig Dent. 2020;7(1):105-9. [PubMed ID:
32939454]. [PubMed Central ID: PMC7470068].
https://doi.org/10.1080/26415275.2020.1796674.

Santativongchai P, Tulayakul P, Ji Y, Jeon B. Synergistic Potentiation of
Antimicrobial and Antibiofilm Activities of Penicillin and Bacitracin
by Octyl Gallate, a Food-Grade Antioxidant, in Staphylococcus
epidermidis. Antibiotics (Basel). 2022;11(12). [PubMed ID: 36551432].
[PubMed Central ID: PMC9774760].
https://doi.org[10.3390/antibiotics11121775.


https://brieflands.com/articles/jjnpp-148545
http://www.ncbi.nlm.nih.gov/pubmed/33488963
https://www.ncbi.nlm.nih.gov/pmc/PMC7812604
https://doi.org/10.1021/acsmedchemlett.0c00373
http://www.ncbi.nlm.nih.gov/pubmed/34683362
https://www.ncbi.nlm.nih.gov/pmc/PMC8541629
https://doi.org/10.3390/microorganisms9102041
http://www.ncbi.nlm.nih.gov/pubmed/31286590
https://doi.org/10.1002/ptr.6423
http://www.ncbi.nlm.nih.gov/pubmed/35819083
https://doi.org/10.1002/cbin.11852
http://www.ncbi.nlm.nih.gov/pubmed/36389056
https://www.ncbi.nlm.nih.gov/pmc/PMC9662060
https://doi.org/10.1080/20002297.2022.2144047
http://www.ncbi.nlm.nih.gov/pubmed/30942570
https://doi.org/10.1021/acs.analchem.9b01064
http://www.ncbi.nlm.nih.gov/pubmed/32939454
https://www.ncbi.nlm.nih.gov/pmc/PMC7470068
https://doi.org/10.1080/26415275.2020.1796674
http://www.ncbi.nlm.nih.gov/pubmed/36551432
https://www.ncbi.nlm.nih.gov/pmc/PMC9774760
https://doi.org/10.3390/antibiotics11121775

