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ABSTRACT

Prolonged use of chemical agents to control cariogenic bacteria is frequently associated with adverse
side effects. Consequently, increasing attention has been directed toward replacing conventional chemical antimicrobials
with herbal alternatives. This study aimed to evaluate the in vitro antibacterial and anti-biofilm activities of curcumin
nanoparticles against standard strains of Lacticaseibacillus (L.) casei and Lactobacillus (L.) acidophilus.

In this descriptive cross-sectional study, the minimum inhibitory concentration of nano-curcumin
was determined and compared with that of chlorhexidine using broth microdilution method. Chlorhexidine mouthwash
served as the positive control, whereas physiological saline was used as the negative control. MICs were determined in 96-
well microplates according to the Clinical and Laboratory Standards Institute guidelines. Anti-biofilm activity was assessed
by a microtiter plate assay employing crystal violet staining. Data were analyzed using SPSS version 22, with statistical
significance defined as P<0.05.

RETER AN TENE Chlorhexidine inhibited biofilm formation at concentrations of 6.25 pg/mL for L. acidophilus and 12.5
pg/mL for L. casei. Notably, nan-ocurcumin reduced biofilm formation significantly in both species (P<0.05) at a sub-MIC
concentration of 3.125 pg/mL. Overall, curcumin nanoparticles exhibited distinct antibacterial and anti-biofilm effects
against L. casei and L. acidophilus. Given their natural origin, favorable safety profile, and potential to overcome the
limitations of synthetic antimicrobials, nan-ocurcumin formulations may represent a promising and biocompatible
alternative for the prevention of dental caries.
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1. Introduction

ooth decay remains one of the most

prevalent infectious diseases of the oral

cavity, despite remarkable advancements in

dental care (1). Its pathogenesis is closely
associated with the activity of cariogenic bacteria such

Year 19, Issue 5 (September - October 2025)

as Streptococcus (S.) mutans, S. sobrinus, and various
Lactobacillus species, which proliferate within biofilm
structures on tooth surface (2, 3). These
microorganisms metabolize dietary carbohydrates to
produce organic acids, resulting in pH reduction,
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demineralization of dental tissues, and initiation of
caries development (4). The persistence of biofilms-
aggregates of microorganisms embedded within an
extracellular polymeric substance (EPS)-further
complicates prevention and management strategies
for dental caries (5).

According to the ecological plaque hypothesis, the
microbial composition of dental biofilms changes as
caries progresses (3, 7). Early enamel lesions are
predominantly colonized by S. mutans and other
acidogenic  Streptococci, whereas Lactobacillus
species become increasingly dominant in advanced
dentinal caries (6, 7). Members of the Lactobacillus (L.)
casei group, particularly L. casei and L. acidophilus, are
both highly acidogenic and aciduric, allowing them to
survive and proliferate in the low-pH environment
characteristic of active dentinal lesions (6, 7). Their
elevated prevalence in progressing caries, along with
their frequent detection in saliva as biomarkers of a
carbohydrate-rich and acidic oral milieu, underscores
their clinical significance in dental caries research (7).

The management of dental caries has traditionally
relied on chemical antimicrobial agents, most notably
chlorhexidine-based mouthwashes (8). Although
effective, these agents are frequently associated with
adverse effects such as tooth discoloration, disruption
of the oral microbiome, and the potential
development  of  microbial  resistance  (9).
Consequently, increasing efforts have focused on
identifying safer and more sustainable alternatives
derived from natural products (10).

In recent years, herbal bioactive compounds have
attracted considerable attention as potential
substitutes for the synthetic antimicrobials (11).
Among these, curcumin—a natural polyphenolic
compound extracted from the rhizome of Curcuma
longa—has demonstrated a wide spectrum of
pharmacological properties, including anti-
inflammatory, antioxidant, anticancer, and
antimicrobial activities (12). However, its clinical
application has been hindered by poor aqueous
solubility, low bioavailability, and rapid degradation
under physiological conditions (13, 14). Advances in
nanotechnology have addressed these limitations
through the development of nano-curcumin, a water-
dispersible formulation that enhances curcumin
stability, solubility, and antimicrobial potency (15).

Previous studies have demonstrated that nano-
curcumin possesses significant antimicrobial activity
against a wide range of pathogens, including oral
bacteria (16, 17). Its ability to disrupt biofilm
formation, combined with minimal cytotoxicity (16),
underscores its potential for incorporation into dental
care products (18).
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Although  curcumin  has been extensively
investigated for its antibacterial effects against S.
mutans, data regarding its efficacy—particularly in
nanoform—against L. casei and L. acidophilus is rare.
These species are highly aciduric and play a pivotal
role in the progression of dentinal caries. This study
aimed to fill this research gap by evaluating the
antibacterial and anti-biofilm capacities of nano-
curcumin compared to chlorhexidine under controlled
laboratory conditions. We hypothesized that nano-
curcumin, owing to its enhanced solubility and
bioavailability, would exert significant anti-biofilm
activity even at sub-inhibitory concentrations.

2. Materials and Methods

2.1 Microorganisms and Chemicals

This  descriptive  cross-sectional study was
conducted at Babol University of Medical Sciences.
Standard strains of L. casei (ATCC 39392) and L.
acidophilus (ATCC 435) were obtained in lyophilized
form from the Iran Scientific and Industrial Research
Center. Curcumin (CxH200e; purity > 65%; molecular
weight 368.38 g/mol) was purchased from Sigma-
Aldrich (USA).

2.2 Preparation of Nanoparticles

Curcumin  nanoparticles were commercially
synthesized by Behnogen Company (Tehran, Iran)
using a routine solvent—antisolvent precipitation
method (19). In this process, curcumin powder was
first dissolved in ethanol as water-miscible organic
solvent, and then added dropwise to distilled water
under vigorous stirring. The rapid mixing of the solvent
and water induced supersaturation and nucleation,
resulting in the formation of fine, unencapsulated
curcumin nanoparticles. To enhance stability and
prevent aggregation, a small amount of stabilizer was
added to the aqueous phase before mixing. The
resulting nanosuspension was stirred until the solvent
evaporated, yielding a stable colloidal dispersion of
curcumin nanoparticles.

The particle size and size distribution were
determined by dynamic light scattering (DLS) (Malvern
Instruments, UK) at 25 °C.

2.3 Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing was performed
using the broth microdilution method in sterile 96-
well microplates, according to the Clinical and
Laboratory Standards Institute (CLSI MO07-A11)
guidelines (20). De Man, Rogosa, and Sharpe (MRS)
broth (Merck, Germany) was used as the culture
medium to support the optimal growth of
Lactobacillus species. Standard bacterial suspensions
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were prepared by adjusting the turbidity of each
culture to 0.5 McFarland standard (approximately 1 x
108 CFU/mL) and further diluted 1:200 in MRS broth
to obtain a final inoculum concentration of
approximately 5 x 10° CFU/mL/ well. Serial two-fold
dilutions of nano-curcumin and chlorhexidine
mouthwash (0.2%, equivalent to 2000 ug/mL) were
prepared, and 100 pL of bacterial suspension was
added to each well, with physiological saline included
as the negative control. Plates were incubated at 37°C
for 24 hr under microaerophilic conditions, and the
minimum inhibitory concentration (MIC) was defined
as the lowest concentration showing no visible
bacterial growth. All tests were conducted in
triplicate.

2.4 Anti-Biofilm Effect Assessment

The anti-biofilm activity of nano-curcumin and
chlorhexidine was evaluated using the standard
microtiter plate assay described by Stepanovic¢ et al
(21) with minor modifications. Overnight cultures of L.
casei and L. acidophilus grown in MRS broth were
diluted 1:100 in fresh MRS medium. A total of 200 pL
of each bacterial suspension was added to the wells of
sterile flat-bottom 96-well microplates, along with
varying concentrations of nano-curcumin or
chlorhexidine, ranging from 50 pg/mL to 3.125 pg/mL.
Control wells containing bacterial suspensions
without any antimicrobial agents served as the
negative control (biofilm control), while wells
containing sterile broth only served as the blank.
Plates were incubated at 37°C for 24 hr under
microaerophilic conditions to allow biofilm formation.
After incubation, the wells were gently washed three
times with phosphate-buffered saline (PBS, pH 7.2) to
remove non-adherent cells, air-dried, and then fixed
with methanol for 15 min. The adherent biofilms were
stained with 0.1% crystal violet (CV) for 15 min and
washed again with distilled water. The dye bound to
biofilm cells was solubilized with 95% ethanol, and
absorbance was measured at 570 nm using an ELISA
microplate reader. The percentage of biofilm
inhibition was calculated using the formula:

Biofilm inhibition (%) = [(A_control - A_sample) /
A_control] x 100

Table 1. The result of antimicrobial susceptibility testing.

Type of antimicrobial agent

Chlorhexidine (pg/mL)

Where A_control is the mean absorbance of control
wells (bacteria without agents) and A_sample is the
mean absorbance of treated wells.

Prior to treatment, the biofilm-forming capacity of
each strain was confirmed according to the Stepanovic¢
classification criteria, based on the optical density
(OD) measurements of untreated controls (21):

OD<ODC: No biofilm formation
ODC<0Ds (2xODC): Weak biofilm formation power

(2xODC)<0OD<(4x0DC): Moderate biofilm formation
power

(4xODC)<0D: Strong biofilm formation power (21).

2.5 Statistical Analysis

Data were analyzed using SPSS software version 24.
Paired-sample t-tests were performed for each group,
with statistical significance set at P<0.05.

3. Results & Discussion

DLS analysis showed that the curcumin nanoparticles
had a mean particle size of 333.8 + 9.2 nm and a
polydispersity index (PDI) of 0.236, indicating a relatively
uniform size distribution (Figure 1).

The MIC values for nano-curcumin and chlorhexidine
against L. acidophilus and L. casei are presented in Table
1 and their graphical representation is shown in Figure 2.
Nano-curcumin inhibited the growth of L. acidophilus at
6.25 pg/mL and L. casei at 12.5 pug/mL. In comparison,
chlorhexidine inhibited L. acidophilus and L. casei at 3.12
and at 6.25 pg/mL, respectively. These differences were
statistically significant for both bacterial strains (P<0.05).

The anti-biofilm effects of the test agents are
summarized in Table 2. Chlorhexidine inhibited biofilm
formation in L. acidophilus at concentrations > 6.25
ug/mL and in L. casei at concentrations > 12.5 ug/mL.
Nano-curcumin demonstrated biofilm inhibition in both
bacterial strains at all tested concentrations down to
3.125 pg/mL. Statistical analysis confirmed that the
inhibitory effect of nano-curcumin at 3.125 pg/mL was
significant compared to the control (P=0.04).

Nano-curcumin (pug/mL)

L. acidophilus 3.12
L. casei 6.25

6.25 0.04
125 0.02
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Table 2. Anti-biofilm effects of chlorhexidine and nano-curcumin at different concentrations.

Concentrations (pug/mL) used for anti-biofilm properties investigation

Type of antimicrobial agent

12,5 6.25 3.125
L. acidophilus + + + n R
CHL
L. casei + + + - _
L. acidophilus + + + + +
NPCru
L. casei +* + + + +

CHL: chlorhexidine; NPCru: nano-curcumin; “+” indicates biofilm inhibition; “~” indicates no inhibition.

Results
Diam. (nm) % Intensity Width (nm)

Z-Average (d.nm): 333 Peak 1: 595 100.0 147

Pdl: 0.236 Peak 2: 0.00 0.0 0.00

Intercept: 0.957 Peak 3: 0.00 0.0 0.00

Size Distribution by Intensity

g
z
]
5
z

10

Size (d.nm)

l

Figure 1. Size distribution of synthesized curcumin nanoparticles. The analysis indicated a relatively uniform size distribution
(Prepared by Authors, 2025).

Record 2442: Pournajaf-1_|
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8- O A. casei
6 1 B A. acidophilus
4 O 3-DColumn 3

CHL NPCru

Figure 2.‘ ‘Bar graph of MIC values (nano-curcumin vs chlorhexidine) (Prepared by Authors, 2025). Commented [P1]: This figure is exactly repetition of Table 1.
Either one should be removed.
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This study demonstrated that nano-curcumin
possesses significant antibacterial and anti-biofilm
activity against L. acidophilus and L. casei. The MIC
values for nano-curcumin were 6.25 pg/mL for L.
acidophilus and 12.5 pug/mL for L. casei. In contrast,
chlorhexidine, inhibited L. acidophilus at 3.12 pug/mL
and L. casei at 6.25 pg/mL. These results suggest that
nano-curcumin may possess strong antimicrobial
efficacy comparable to chlorhexidine. Such findings
support its potential as a novel natural antimicrobial
compound for the caries prevention.

Importantly, nano-curcumin was able to inhibit
biofilm formation at concentrations below its MIC,
demonstrating a pronounced sub-MIC anti-biofilm
effect. This property is clinically valuable because it
allows disruption of early biofilm establishment
without imposing selective pressure that promotes
antimicrobial resistance. The improved solubility,
stability, and bioavailability of nano-curcumin
nanoparticles enhance their ability to interact with
bacterial cell walls and biofilm matrices, leading to
effective suppression of biofilm development (22, 23).

Our results were consistent with previous research,
although some variations exist. Azizi et al (24)
demonstrated that curcumin-loaded nanoparticles
improved curcumin bioavailability and adherence to
dental enamel, resulting in caries prevention by S.
mutans. Their lower MIC values compared to ours may
be attributed to species-specific differences and
variations in  nanoparticle  formulation  (24).
Conversely, Helalat et al (25) reported no significant
biofilm inhibition, likely due to differences in
experimental conditions, bacterial strain sensitivity, or
curcumin preparation method. The enhanced activity
observed in our study may result from optimized
nanoparticle penetration and controlled release
characteristics.

In agreement with previous reports, curcumin and
its nano-formulations have exhibited broad
antimicrobial activity beyond Lactobacillus species.
Vieira et al (28) demonstrated inhibitory effects
against S. mutans and S. mitis (26) and Trigo-Gutierrez
et al (29) highlighted curcumin versatility,
biocompatibility, and low cytotoxicity (27).

Mechanistically, nano-curcumin exerts antibacterial
and anti-biofilm actions by disrupting bacterial
membrane integrity, interfering with quorum-sensing
communication, and suppressing biofilm matrix
synthesis (28, 29). The addition of a polystyrene
coating enhances nanoparticle stability and provides
sustained release of curcumin, thereby prolonging
antimicrobial  activity  (30). Compared  with
conventional mouthwashes such as chlorhexidine,
which may cause tooth discoloration and oral
microbiome disruption (31, 32), nano-curcumin
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represents a safer, biocompatible, and effective
alternative for incorporation into the oral hygiene
products.

Despite its promising results, this study has certain
limitations. Physicochemical characterization was
limited to DLS, without complementary transmission
electron microscopy (TEM) or Fourier-transform
infrared spectroscopy (FTIR) analyses. The lack of
cytotoxicity and biocompatibility testing restricts
conclusions about safety. Moreover, the in vitro
conditions cannot fully mimic the complex oral
environment, where saliva flow, temperature, and
multispecies interactions may influence antimicrobial
efficacy. Additionally, short contact times of oral
products in vivo may reduce the clinical impact
observed under prolonged laboratory exposure.

The present study provides a valuable foundation
for the potential development of nano-curcumin-
based mouthwashes and other oral care products.
Owing to its combined antibacterial, anti-biofilm, and
favorable safety profiles, nano-curcumin emerges as a
promising candidate for caries prevention and
management. Nonetheless, well-designed in vivo
studies and randomized clinical trials, incorporating
comprehensive nanoparticle characterization,
standardized cytotoxicity testing, and advanced
statistical analyses, are required to validate its efficacy
and establish optimal dosing protocols.

4. Conclusion

In summary, nano-curcumin  demonstrated
substantial antibacterial and anti-biofilm activity
against L. casei and L. acidophilus. Although
chlorhexidine achieved growth inhibition at lower MICs,
nano-curcumin exhibited superior biofilm suppression
while offering the advantages of natural origin, minimal
side effects, and potential cost-effectiveness.
Considering the growing demand for plant-derived oral
care products, nano-curcumin warrants further
investigation as a viable and biocompatible alternative
to synthetic antimicrobials, with particular emphasis on
formulation optimization and clinical validation.

5. Declarations

5.1 Acknowledgment

We would like to grateful to the Dental Research
Center, Golestan University of Medical Sciences,
Gorgan, Iran for their contribution to this study.

5.2 Ethical Considerations

This study was approved by the Ethics Committee of
Golestan University of Medical Sciences under the

Iranian Journal of Medical Microbiology



374 Curcumin Nanoparticles' Antibacterial & Anti-Biofilm Effects

approval code  IR.GOUMS.REC.1399.391.  All
experimental procedures were conducted in
accordance with the ethical guidelines and regulations
of the university.

5.3 Authors’ Contributions

All the study design, data collection, and statistical
analysis were conducted collaboratively. The
manuscript was written under supervision, and all
contributors reviewed and approved the final version.

5.4 Conflict of Interests

The The authors declare no competing interests.

References

5.5 Financial Support and Sponsorship

This This research did not receive any specific grant.

5.6 Using Artificial Intelligence Tools (Al
Tools)

All authors declare that Al-assisted tools were used
only for language refinement. No Al-generated
content, data fabrication, or result manipulation
occurred. The authors take full responsibility for the
accuracy and integrity of the manuscript.

1. Nguyen S, Hiorth M. Advanced drug delivery
systems for local treatment of the oral cavity.
Ther Deliv. 2015;6(5):595-608.
[DOI:10.4155/tde.15.5] [PMID]

2. Bernardoni BL, D'Agostino I, La Motta C, Angeli
A. An insight into the last 5-year patents on
Porphyromonas gingivalis and Streptococcus
mutans, the pivotal pathogens in the oral
cavity. Expert Opin Ther Pat. 2024;34(6):433-
63.[D0I:10.1080/13543776.2024.2349739]
[PMID]

3. Philip N, Suneja B, Walsh L. Beyond
Streptococcus mutans: clinical implications of
the evolving dental caries aetiological
paradigms and its associated microbiome. Br
Dent J. 2018;224(4):219-25.
[DOI:10.1038/sj.bd{.2018.81] [PMID]

4. Yadav K, Prakash S. Dental caries: A
microbiological approach. J Clin Infect Dis Pract.
2017;2(1):1-15.
[DOI:10.4172/2476-213X.1000118]

5. Das A, Patro S, Simnani FZ, Singh D, Sinha A,
Kumari K, et al. Biofilm modifiers: The disparity
in paradigm of oral biofilm ecosystem. Biomed
Pharmacother. 2023;164:114966.
[DOI:10.1016/j.biopha.2023.114966] [PMID]

6. Reis AC, da Silva Bezerra D, Hart-Chu EN, Stipp
RN, de Figueiredo Guedes SF, Neves BG, et al.
Quantification and gene expression of
Lactobacillus casei group species associated
with dentinal lesions in early childhood caries.
Saudi Den J. 2021;33(2):69-77. [PMID] [PMCID]
[DOI:10.1016/j.sdentj.2020.01.006]

7. Spatafora G, LiY, He X, Cowan A, Tanner AC. The
evolving microbiome of dental caries.

Year 19, Issue 5 (September - October 2025)

Microorganisms. 2024;12(1):121.
[DOI:10.3390/microorganisms12010121]
[PMID] [PMCID]

8. Yu OY, Lam WY, Wong AW, Duangthip D, Chu
CH. Nonrestorative management of dental
caries. ) Dent. 2021;9(10):121.
[DOI:10.3390/dj9100121] [PMID] [PMCID]

9. Brookes ZL, Bescos R, Belfield LA, Ali K, Roberts
A. Current uses of chlorhexidine for
management of oral disease: a narrative
review. J Dent. 2020;103:103497. [PMCID]
[DOI:10.1016/j.jdent.2020.103497] [PMID]

10. Duane B, Yap T, Neelakantan P, Anthonappa R,
Bescos R, McGrath C, et al. Mouthwashes:
alternatives and future directions. Int Dent J.
2023;73:589-97. [PMID] [PMCID]
[DOI:10.1016/j.identj.2023.08.011]

11. Li S, Jiang S, Jia W, Guo T, Wang F, Li J, et al.
Natural antimicrobials from plants: Recent
advances and future prospects. Food Chem.
2024;432:137231. [PMID]
[DOI:10.1016/j.foodchem.2023.137231]

12. Razavi BM, Ghasemzadeh Rahbardar M,
Hosseinzadeh H. A review of therapeutic
potentials of turmeric (Curcuma longa) and its
active constituent, curcumin, on inflammatory
disorders, pain, and their related patents.
Phytother Res. 2021;35(12):6489-513.
[DOI:10.1002/ptr.7224] [PMID]

13. Tabanelli R, Brogi S, Calderone V. Improving
curcumin bioavailability: Current strategies and
future perspectives. Pharmaceutics. 2021;
13(10):1715. [PMID] [PMCID]
[DOI:10.3390/pharmaceutics13101715]

Iranian Journal of Medical Microbiology


https://doi.org/10.4155/tde.15.5
https://www.ncbi.nlm.nih.gov/pubmed/26001175
https://doi.org/10.1080/13543776.2024.2349739
https://www.ncbi.nlm.nih.gov/pubmed/38684444
https://doi.org/10.1038/sj.bdj.2018.81
https://www.ncbi.nlm.nih.gov/pubmed/29449651
https://doi.org/10.4172/2476-213X.1000118
https://doi.org/10.1016/j.biopha.2023.114966
https://www.ncbi.nlm.nih.gov/pubmed/37269809
https://www.ncbi.nlm.nih.gov/pubmed/33551619
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7848803
https://doi.org/10.1016/j.sdentj.2020.01.006
https://doi.org/10.3390/microorganisms12010121
https://www.ncbi.nlm.nih.gov/pubmed/38257948
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10819217
https://doi.org/10.3390/dj9100121
https://www.ncbi.nlm.nih.gov/pubmed/34677183
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8534976
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7567658
https://doi.org/10.1016/j.jdent.2020.103497
https://www.ncbi.nlm.nih.gov/pubmed/33075450
https://www.ncbi.nlm.nih.gov/pubmed/37867066
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10690551
https://doi.org/10.1016/j.identj.2023.08.011
https://www.ncbi.nlm.nih.gov/pubmed/37639892
https://doi.org/10.1016/j.foodchem.2023.137231
https://doi.org/10.1002/ptr.7224
https://www.ncbi.nlm.nih.gov/pubmed/34312922
https://www.ncbi.nlm.nih.gov/pubmed/34684008
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8540263
https://doi.org/10.3390/pharmaceutics13101715

Amirhossein Rajabnia et al., 375

14.

15.

16.

17.

18.

19.

20.

21.

22.

Zheng B, McClements DJ. Formulation of more
efficacious curcumin delivery systems using
colloid science: enhanced solubility, stability,
and bioavailability. Molecules. 2020;25(12):
2791. [DOI:10.3390/molecules25122791]
[PMID] [PMCID]

Jacob S, Kather FS, Morsy MA, Boddu SH,
Attimarad M, Shah J, et al. Advances in
nanocarrier systems  for overcoming
formulation challenges of curcumin: current
insights. Nanomaterials. 2024;14(8):672.

[DOI1:10.3390/nan014080672] [PMID] [PMCID]

Hussain Y, Alam W, Ullah H, Dacrema M, Daglia
M, Khan H, et al. Antimicrobial potential of
curcumin: therapeutic potential and challenges
to clinical applications. Antibiotics. 2022;11(3):
322. [DOI:10.3390/antibiotics11030322]
[PMID] [PMCID]

Trigo-Gutierrez JK, Vega-Chacdn Y, Soares AB,
Mima EG. Antimicrobial activity of curcumin in
nanoformulations: a comprehensive review. Int
J Mol Sci. 2021;22(13):7130.
[DOI1:10.3390/ijms22137130] [PMID] [PMCID]

Karthikeyan A, Senthil N, Min T. Nanocurcumin:
a promising candidate for therapeutic
applications. Front Pharmacol. 2020;11:487.
[DOI:10.3389/fphar.2020.00487] [PMID]
[PMCID]

Kakran M, Sahoo NG, Tan IL, Li L. Preparation of
nanoparticles  of  poorly  water-soluble
antioxidant curcumin by antisolvent
precipitation methods. J Nanoparticle Res.
2012;14(3):757.
[DOI:10.1007/s11051-012-0757-0]

Clinical and Laboratory Standards Institute
(CLSI). Performance Standards for Antimicrobial
Susceptibility Testing. 34th Ed., supplement
M100 Wayne, PA: CLSI; 2024.

Stepanovi¢ S, Vukovi¢ D, Hola V, Bonaventura
GD, Djuki¢ S, Cirkovi¢ I, et al. Quantification of
biofilm in microtiter plates: overview of testing
conditions and practical recommendations for
assessment of  biofilm  production by
staphylococci. Apmis. 2007;115(8):891-9.
[DOI:10.1111/j.1600-0463.2007.apm_630.x]
[PMID]

Rawas-Qalaji M, Jagal J, Sadik S, Said Z, Ahmed
IS, Haider M, et al. Assessment of enhancing
curcumin's solubility versus uptake on its anti-
cancer efficacy. Colloids Surf B Biointerfaces.
2024;242:114090.
[DOI:10.1016/j.colsurfb.2024.114090] [PMID]

Year 19, Issue 5 (September - October 2025)

23.

24.

25.

26.

27.

28.

29.

30.

31.

Badr-Eldin SM, Aldawsari HM, Ahmed OA, Kotta
S, Abualsunun W, Eshmawi BA, et al. Utilization
of zein nano-based system for promoting
antibiofilm and anti-virulence activities of
curcumin against Pseudomonas aeruginosa.
Nanotechnol Rev. 2024;13(1):20230212.
[DOI:10.1515/ntrev-2023-0212]

Azizi M, Yazdian F, Maghdoudi A, Ghaderi L,
Hagirosadat F. Improvement in curcumin
application for preventing dental caries by
embeding in nanoparticles. J Shahid Sadoughi
Univ Med Sci. 2019;27(3):1327-45.
[DOI:10.18502/s5u.v27i3.1187]

Helalat L, Zarejavid A, Ekrami A, Haghighizadeh
MH, Nasab MS. The effect of curcumin on
growth and adherence of major
microorganisms causing tooth decay. Middle
EastJ Fam Med. 2017;15:214-20.
[DOI:10.5742/MEWFM.2017.93128]

Vieira TM, Dos Santos IA, Silva TS, Martins CH,
Crotti AE. Antimicrobial activity of monoketone
curcuminoids against cariogenic bacteria. Chem
Biodivers. 2018;15(8):e1800216.
[DOI:10.1002/cbdv.201800216] [PMID]

Trigo-Gutierrez JK, Vega-Chacén Y, Soares AB,
Mima EG. Antimicrobial activity of curcumin in
nanoformulations: a comprehensive review. Int
J Mol Sci. 2021;22(13):7130.
[DOI:10.3390/ijms22137130] [PMID] [PMCID]

Sarma SK, Dutta U, Das BK, Bharali A, Laloo D,
Kalita JM, et al. Evaluation of Lakadong turmeric
derived curcumin nanogel against resistant
biofilms: In-silico, antibacterial and antibiofilm
analysis. J Appl Pharmaceutical Sci. 2024;14(9):
208-16. [DOI:10.7324/JAPS.2024.170144]

Chen Y, Gao Y, Huang Y, Jin Q, Ji J. Inhibiting
quorum sensing by active targeted pH-sensitive
nanoparticles for enhanced antibiotic therapy
of biofilm-associated bacterial infections. ACS
nano. 2023;17(11):10019-32.
[DOI:10.1021/acsnano.2¢12151] [PMID]

Sankhwar R, Yadav S, Kumar A, Gupta RK.
Application of nano-curcumin as a natural
antimicrobial agent against Gram-positive
pathogens. J Appl Nat Sci. 2021;13(1):110-26.
[DOI:10.31018/jans.v13i1.2482]

Bergamini S, Bellei E, Generali L, Tomasi A,
Bertoldi C. A proteomic analysis of discolored
tooth surfaces after the use of 0.12%
Chlorhexidine (CHX) mouthwash and CHX
provided with an anti-discoloration system
(ADS). Materials. 2021;14(15):4338.
[DOI:10.3390/mal14154338] [PMID] [PMCID]

Iranian Journal of Medical Microbiology


https://doi.org/10.3390/molecules25122791
https://www.ncbi.nlm.nih.gov/pubmed/32560351
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7357038
https://doi.org/10.3390/nano14080672
https://www.ncbi.nlm.nih.gov/pubmed/38668166
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11054677
https://doi.org/10.3390/antibiotics11030322
https://www.ncbi.nlm.nih.gov/pubmed/35326785
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944843
https://doi.org/10.3390/ijms22137130
https://www.ncbi.nlm.nih.gov/pubmed/34281181
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8267827
https://doi.org/10.3389/fphar.2020.00487
https://www.ncbi.nlm.nih.gov/pubmed/32425772
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7206872
https://doi.org/10.1007/s11051-012-0757-0
https://doi.org/10.1111/j.1600-0463.2007.apm_630.x
https://www.ncbi.nlm.nih.gov/pubmed/17696944
https://doi.org/10.1016/j.colsurfb.2024.114090
https://www.ncbi.nlm.nih.gov/pubmed/39018909
https://doi.org/10.1515/ntrev-2023-0212
https://doi.org/10.18502/ssu.v27i3.1187
https://doi.org/10.5742/MEWFM.2017.93128
https://doi.org/10.1002/cbdv.201800216
https://www.ncbi.nlm.nih.gov/pubmed/29869833
https://doi.org/10.3390/ijms22137130
https://www.ncbi.nlm.nih.gov/pubmed/34281181
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8267827
https://doi.org/10.7324/JAPS.2024.170144
https://doi.org/10.1021/acsnano.2c12151
https://www.ncbi.nlm.nih.gov/pubmed/37234036
https://doi.org/10.31018/jans.v13i1.2482
https://doi.org/10.3390/ma14154338
https://www.ncbi.nlm.nih.gov/pubmed/34361532
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8347691

376 Curcumin Nanoparticles' Antibacterial & Anti-Biofilm Effects

32. Cieplik F, Jakubovics NS, Buchalla W, Maisch T, concern?. Front Microbiol. 2019;10:587.
Hellwig E, Al-Ahmad A. Resistance toward [DOI:10.3389/fmicb.2019.00587] [PMID]
chlorhexidine in oral bacteria-is there cause for [PMCID]

Year 19, Issue 5 (September - October 2025) Iranian Journal of Medical Microbiology


https://doi.org/10.3389/fmicb.2019.00587
https://www.ncbi.nlm.nih.gov/pubmed/30967854
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6439480

