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Introduction: Oral health is entirely dependent on removing dental plaque on the tooth surface formed by various
unique micro-organisms. Herbal toothpaste is equivalent to non-herbal fluoride toothpaste in removing dental
plaque. Additionally, herbal toothpaste is advantageous in the strengthening of gums.
Methods: In this study, three herbal tooth powders, Brindha tooth powder (BTP), Red tooth powder (RTP),
and Kosali tooth powder (KTP), were tested for antioxidant, antibacterial, and antibiofilm activities against
clinical isolates.
Results: Brindha tooth powder (BTP) has the greatest free-radical scavenging percentage of 52.78%, followed
by 40.9% for RTP, and 39.2% for KTP. Comparatively, RTP and BTP showed significant inhibition of Enterococcus
faecalis, Streptococcus mutans, and Pseudomonas aeruginosa at three different concentrations (10, 5, and 2.5 mg).
Among them, RTP showed a higher antibacterial effect with no inhibitory effect by KTP. However, antibiofilm activity
was not observed with the toothpaste tested.
Conclusion: The study findings revealed promising and varying degrees of antioxidant and antimicrobial properties
of the three different tooth powders.
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1. Introduction

It been estimated that 3,500 million people are affected
by untreated oro-dental diseases due to poor oral
hygiene, but it was neglected in the global health
agenda (1). Thus, the World Health Organization has
recently adopted a resolution on the promotion of
global oral health (2). Approximately 700 different
kinds of microbes have been reported in the human
oral microbiota, including pathogenic and probiotic
species; the most common organisms found in the
oral cavity are Firmicutes, Fusobacteria, Gracilibacteria,
Saccharibacteria, Chlamydiae, Bacillus, Actinomycetes,
Proteobacteria, Spirochaetes, and Synergestitis (3).

Some of the oral pathogens are Candida albicans,
which forms biofilm along with Streptococcus mutans
causing dental plaque (4), Porphyromonas gingivalis
(Gingivitis), Lactobacillus (Tooth-caries) (5, 6), and
Staphylococcus aureus (7). Other anaerobic pathogens
include Atopobium, Leptotrichia, Lactobacillus salivarius,
and Prevotella (8).

Oral pathogens were also reported to mediate other
systemic diseases such as endocarditis (9), rheumatoid
arthritis (10), and some other autoimmune diseases.
Oral pathogens are now understood to play a vital role
in the pathogenesis of several oral disorders, including
oral cancer, endodontic infections, dental caries, and
periodontal diseases. In some cases, the virulence
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of pathogenic oral microbes is enhanced in patients
affected with diabetes (11). Through the esophagus,
the oral microbiota directly enters the digestive system,
disrupting the intestinal micro-ecology and altering the
digestive system. Tooth caries is a general condition
that infects people of all age group and has a higher
rate of incidence. Children are more likely than adults
to develop dental caries, which is intimately tied to the
oral microbiome. According to a prior study, youngsters
who frequently eat sweets before bed are more likely to
develop dental caries.

Antibiotic treatment is effective but antimicrobial
resistance (AMR) is triggered among such pathogens in
hospitals and is an alarming threat to global health (12).
Therefore, effective removal of dental plaque is required to
maintain proper oral hygiene (13).

Toothpaste plays an important role in removing
pathogenic microbes in our oral cavity in our daily life
and improving our quality of life (14). Herbal tooth
powder or plant extracts are used in rural villages
of South Asian countries and are reported to possess
antipyretic, analgesic, antibacterial, antiviral, antioxidant,
anti-carcinogenic, and anti-inflammatory properties
(15, 16). In addition to this, herbal toothpaste is
effectively equivalent to non-herbal fluoride toothpaste
in removing dental plaque and strengthening the gums
(17–19).

Therefore, in the present investigation, three different
herbal tooth powders, Red tooth powder (RTP), Brindha
tooth powder (BTP), and Kosali tooth powder (KTP), were
tested for their antioxidant and antimicrobial activity on
three different clinical isolates of Enterococcus faecalis
(EF), Streptococcus mutans (SM), and Pseudomonas
aeruginosa (PE).

2. Materials and methods

2.1. Evaluation of antioxidant activity
(DPPH free-radical scavenging assay)

The antioxidant potential of the samples Brindha tooth
powder (BTP), Red tooth powder (RTP), and Kosali tooth
powder (KTP) (Aravindh Labs Pvt. Ltd.) was determined
based on the DPPH assay (20). About 100 µL of the test
samples each was taken in separate wells in a microtitre
plate, added with the same volume of DPPH (in 0.1%
methanol), and incubated for 30 min under dark conditions.
Ascorbic acid (Vitamin C) was used as a control. After
incubation, the change in color of the solution was observed
at 520 nm in an ELISA plate reader and the absorbance
(ABS) values were recorded. The percent DPPH radical
scavenging activity was calculated as [(ABS of ctrl–ABS
of the test sample)/(ABS of ctrl)] × 100. The tests were

done in triplets, and the average mean was interpreted and
resulted.

2.2. Determination of in vitro antimicrobial
activity

About 1 g samples of BTP, RTP, and KTP were extracted with
100 mL of 100% methanol for 2 days in a glass conical flask.
After filtering the crude solvent with Whatman No. 1 filter
paper, the filtrate was left to sit in an incubator overnight
at 40◦C to allow the solvent to evaporate and produce the
extract. 200 mg samples of BTP, RTP, and KTP extracts were
diluted and vortexed in 1 mL of sterile DMSO for analysis.
Three different concentrations of the extracts were prepared
for the study, viz., 10, 5, and 2.5 mg.

For the antimicrobial bio-assay, fresh broth suspensions
were prepared for the test microorganisms up to 0.5
McFarland standards. The test microorganisms chosen for
the study were clinical strains of Pseudomonas aeruginosa
(Gram-negative) (PA) and Enterococcus faecalis (EF). Briefly,
the test microorganisms were made as lawn cultures onto
sterile Mueller Hinton (MH) agar plates, and wells were cut
using a sterile agar cutter. Next, 50 µL extracts at three
different concentrations were added to the corresponding
wells. After incubation at 37◦C for 24 h, the ZOI (clear
zone) in and around the wells was measured and recorded.
The tests were done in triplets, and the average mean was
interpreted and recorded.

2.3. Determination of antibiofilm activity

Before the commencement of the assay, fresh MH broth
suspension of test microorganisms was prepared up to 0.5
McFarland Standards. Then the 96-well plate was loaded with
MH broth, sample, and inoculum to reach a total volume of
200 µL per well (80 µL broth + 100 µL test sample + 20 µL
inoculum) (Rows A to F at different concentrations from 5 to
0.1 5 mg). Row G is control, and H is sterile control, where
the former had 180 µL of broth and 20 µL of inoculum,
and the latter contained 200 µL of the broth alone. The
test microorganisms involved in this study were Enterococcus
faecalis (EF), Streptococcus mutans (SM), and Pseudomonas
aeruginosa (PE). The complete design of the antibiofilm
assay for this study is clearly illustrated in Figure 1. After
incubation for 48 h in an incubator at 37◦C, the wells
were washed with dis. H2O, and each well received 50 µL
of 0.1 percent crystal violet staining solution, which was
then incubated for 10 min. The wells were washed with
dis. H2O and about 100 µL of 70% ethanol was added
to each well and again incubated for 5 min. Finally, an
ELISA plate reader was used to measure the absorbance
values at 595 nm.
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FIGURE 1 | A template of a 96-well plate in which the antibiofilm assay was designed, where, BTP: Brindha tooth powder; RTP: Red tooth
powder; KTP: Kosali tooth powder; EF: Enterococcus faecalis; SM: Streptococcus mutans; PE: Pseudomonas aeruginosa; C: control; SC: sterile
control; NA: not applicable.

TABLE 1 | DPPH free-radical scavenging activity assay results.

S. no. Samples Percentage DPPH free-radical scavenging

1 BTP 52.78%
2 RTP 39.2%
3 KTP 40.9%
4 Ascorbic acid 78.7%

3. Results

3.1. Evaluation of antioxidant activity
(DPPH free-radical scavenging assay)

Greater results for DPPH free-radical scavenging were
obtained in BTP with 52.78%, followed by KTP (40.9%), and
RTP (39.2%) (Table 1). The control ascorbic acid showed
scavenging activity at 78.7%.

3.2. Determination of in vitro antibacterial
activity

Based on the results obtained from the in vitro antibacterial
assay, RTP (Red tooth powder) showed the maximum
rate of inhibition of all three bacterial strains when
compared to the other two tooth powders. RTP showed
promising antibacterial activity with an average zone of
inhibition (ZOI) of 20 mm at 10 mg concentration,
16 mm at 5 mg concentration, and 12, 11, and 10 mm
for 2.5 mg concentration for Enterococcus faecalis (EF),
Streptococcus mutans (SM), and Pseudomonas aeruginosa
(PA), respectively (Figures 2, 3). However, the sample BTP

(Brindha tooth powder) had shown a moderate inhibition of
all three strains with a ZOI of 18, 15, and 16 mm for 10 mg
concentration for EF, SM, and PE, respectively. It was 14, 12,
and 13 mm for 5 mg, and 9, 11, and 10 mm for 2.5 mg for EF,
SM, and PE, respectively (Figure 3). A low rate of inhibition
was recorded from Kosali tooth powder (KTP) with 11, 12,
and 8 mm for EF, SM, and PE strains, respectively, at 10 mg,
whereas, no zone of inhibition was found at 5 and 2.5 mg
concentrations (Figure 3).

3.3. Determination of antibiofilm activity

Although the samples BTP, RTP, and KTP had shown
antimicrobial activity against EF, SM, and PE strains, all three
samples did not exhibit an antibiofilm effect against the three
bacterial strains under study (Figure 4).

4. Discussion

Oro-dental disorders arise as a result of a conglomeration of
polymicrobial nature leading to various oral infections like
dental caries, periodontal diseases, oro-mucosal diseases, and
periapical periodontitis (21). The human oral microbiome
consists of both pathogenic and probiotic microbes including
archaea, protozoa, fungi, viruses, and bacteria (including
anaerobic). Concurrently, the imbalance between pathogenic
and probiotic microbes causes severe oral pathogenic
diseases. Unenviably, oral pathogens are the culprits in
causing infective endocarditis leading to atherosclerosis
and coronary heart disease (22). This affects especially the
population of low economic status in taking care of their oral
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FIGURE 2 | Antibacterial activity assay—zone of inhibition, where BTP: Brindha tooth powder; RTP: Red tooth powder; KTP: Kosali tooth
powder; ZOI: zone of inhibition; EF: Enterococcus faecalis; SM: Streptococcus mutans; PE: Pseudomonas aeruginosa.

FIGURE 3 | Antimicrobial activity of (A) Brindha tooth powder (BTP), (B) Red tooth powder (RTP) and (C) Kosali tooth powder (KTP) against the
test micro-organisms Streptococcus mutans, Pseudomonas aeruginosa, and Enterococcus faecalis.

hygiene and medical expenses. In addition, the prolonged use
of antibiotics to treat oral pathogens inversely results in the
generation of antibiotic-resistant pathogens (12). As a result,
the Centers for Disease Control and Prevention (CDC) urges
people to practice brushing and flossing their teeth twice a

day to prevent dental plaque because “prevention is better
than cure.” (23).

Recently, natural products have been given increased
attention as potential preventative measures for oral
disorders. Due to the adverse consequences of the usage of
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FIGURE 4 | Antibiofilm assay showing the (A) microtitre plate after 48 h of incubation and (B) crystal violet assay with no biofilm activity for the
three toothpastes at varying concentrations.

some dangerous chemicals in the majority of toothpastes
and powders on the market, mainly plaque-related disorders
such as dental caries have produced an alarming scenario,
especially among young children. Herbal toothpaste is
prepared from natural products and effectively controls
dental plaque and gingivitis which is equivalent to non-
herbal and fluoride toothpaste (17, 24). In this study, three
different tooth powder formulations, Brindha tooth powder
(BTP), Red tooth powder (RTP), and Kosali tooth powder
(KTP), were tested for their efficacy against three common
pathogenic bacteria Enterococcus faecalis (EF), Streptococcus
mutans (SM), Pseudomonas aeruginosa (PE) isolated from
the oral cavity of dental patients at Saveetha Dental College
and Hospitals (SDC), SIMATS, Chennai, India.

It is a known fact that the progression of leukocytes and
free-radical generation has resulted in periodontal diseases.
Hence, antioxidants in toothpaste must be able to encounter
the plaque-causing pathogenic bacteria and scavenge free
radicals. Interestingly, in a recent study, no antioxidant
activity was recorded in non-herbal fluorinated toothpaste

(25). However, herbal toothpaste has innate antioxidant
activity based on the secondary metabolites of medicinal
plants (26, 27). In the present study, the average percentage
of DPPH free-radical scavenging activity was 52.78, 40.9,
and 39.2% for BTP, RTP, and KTP, respectively. In a similar
study on the herbal formulation (Dabur Red toothpaste), the
activity of scavenging free radicals was 78%, and no activity
was found in non-herbal fluorinated toothpaste.

In the current investigation, the results obtained from
in vitro antimicrobial activity assay (ZOI) indicate that RTP’s
inhibition activity is the greatest of all three bacterial strains
[Enterococcus faecalis (EF), Streptococcus mutans (SM), and
Pseudomonas aeruginosa (PE)]. Similarly, both RTP and
BTP inhibited the proliferation of all three bacterial strains
at high and low concentrations, but KTP failed to inhibit
proliferation at lower concentrations.

In this line, the Unani polyherbal toothpaste “Sunoon
Zard” inhibited Staphylococcus aureus (15.33 mm),
Streptococcus mutans (17.66 mm), Streptococcus pyogenes
(14.66 mm), Streptococcus viridans (17.33 mm), Streptococcus
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epidermidis (14.33 mm), Corynebacterium xerosis
(18.33 mm), Bacillus cereus (14.66 mm), E. coli (14.33 mm),
Klebsiella pneumoniae (20.33 mm), Pseudomonas aeruginosa
(22.33 mm), and Proteus vulgaris (13.33 mm) (28). In
co-relation with these studies, the present investigation
has shown that RTP and BTP inhibit Enterococcus faecalis,
Streptococcus mutans, and Pseudomonas aeruginosa at
20 mm/10 mg for RTP, and 18, 15, and 16 mm/10 mg
for BTP, respectively, whereas, less activity was recorded
for KTP at 11, 12, and 8 mm/10 mg. In another study,
among nine different herbal toothpaste formulations, a
formulation constituting of extract from pomegranate peel
and clove oil demonstrated a high inhibition rate of 26 mm,
27 mm, and 25 mm against Candida albicans, Streptococcus
mutans, and Staphylococcus aureus, respectively (29). In
another study, some commercial toothpaste had shown
antimicrobial activity with the zone of inhibition 25.4, 23,
and 22.6 mm for Neem, Colgate, and Meswak toothpaste,
respectively, with inhibitory activity against Streptococcus
mutans and Actinobacillus actinomycetemcomitans (30).
An interesting study was carried out in Brazil on the
antimicrobial activity of toothpaste with natural extracts,
chlorhexidine, and triclosan. Among three different
kinds of toothpaste, triclosan toothpaste hampers the
proliferation of gram-positive bacteria and yeast at a greater
rate, but no such activity was seen against Pseudomonas
aeruginosa. Natural extract toothpaste inhibited all the
bacteria including P. aeruginosa, but no activity was
seen against Enterococcus faecalis, whereas, chlorhexidine
toothpaste moderately inhibited all the bacteria but not
P. aeruginosa (31). Fortunately, in this study, all the tooth
powder RTP, BTP, and KTP had shown inhibition over
Enterococcus faecalis and Pseudomonas aeruginosa. Although
all tooth powders have antibacterial activity, they do not
inhibit the biofilm formation on all the three bacterial
strains involved.

5. Conclusion

The antioxidant and antibacterial properties of three
different natural herbal tooth powders, Brindha tooth
powder (BTP), Red tooth powder (RTP), and Kosali tooth
powder (KTP), were examined. All of the tooth powder
samples displayed moderate levels of free-radical scavenging,
with percentages of 52.78, 40.9, and 39.2, respectively. At
three different concentrations, RTP effectively inhibited
the pathogenic microorganisms Enterococcus faecalis,
Streptococcus mutans, and Pseudomonas aeruginosa. In
KTP at lower concentrations, there was no inhibition,
whereas it was moderate in BTP. Therefore, although lacking
an antibiofilm property, all three tooth powders exhibit
antioxidant and antibacterial activity.

Ethical waiver issued from
IRB/ethical committee

Ref. No. IHEC/SDC/WAIVER CERT-FACULTY/22/01.
Reg. No. ECR/1698/Inst/TN/2022 (Registered with
Govt. of India).

Authors contributions

RG: executed the work and drafted the manuscript.
AG: conceived, design, executed, drafting, evaluated, and
approved the manuscript in its final form. PB and SS:
reviewed and approved the manuscript in its entirety.
RA and PS: provided the test compounds for the study
and granted ultimate approval of the article after review.
All authors contributed to the article and approved the
submitted version.

Acknowledgments

The authors are thankful to the Aravindh Herbal
Labs for providing the tooth powder samples for the
present investigation.

References

1. Benzian H. Time to change the narrative. Br Dent J. (2021) 230:623–623.
2. World Health Organization [WHO]. Oral Health. Geneva: World

Health Organization (2022).
3. Perera M, Al-hebshi NN, Speicher DJ, Perera I, Johnson NW. Emerging

role of bacteria in oral carcinogenesis: a review with special reference to
perio-pathogenic bacteria. J Oral Microbiol. (2016) 8:32762.

4. Gulati M, Nobile CJ. Candida albicans biofilms: development,
regulation, and molecular mechanisms. Microbes Infect. (2016)
18:310–21.

5. Caufield PW, Schön CN, Saraithong P, Li Y, Argimón S. Oral lactobacilli
and dental caries: a model for niche adaptation in humans. J Dent Res.
(2015) 94:110S–8S.

6. How KY, Song KP, Chan KG. Porphyromonas gingivalis: an overview of
periodontopathic pathogen below the gum line. Front. Microbiol. (2016)
7:53. doi: 10.3389/fmicb.2016.00053

7. Balasubramanian D, Harper L, Shopsin B, Torres VJ. Staphylococcus
aureus pathogenesis in diverse host environments. Pathogens Dis. (2017)
75(1):ftx005. doi: 10.1093/femspd/ftx005

8. Corrêa JD, Calderaro DC, Ferreira GA, Mendonça SM, Fernandes
GR, Xiao E, et al. Subgingival microbiota dysbiosis in systemic lupus
erythematosus: association with periodontal status. Microbiome. (2017)
5:34.

9. Nakatani S, Ohara T, Ashihara K, Izumi C, Iwanaga S, Eishi K, et al. JCS
2017 guideline on prevention and treatment of infective endocarditis.
Circ J. (2019) 83:1767–809.

10. Chen B, Zhao Y, Li S, Yang L, Wang H, Wang T, et al. Variations in
oral microbiome profiles in rheumatoid arthritis and osteoarthritis with
potential biomarkers for arthritis screening. Sci Rep. (2018) 8:17126.

https://doi.org/10.54646/bijcrid.2023.14
https://doi.org/10.3389/fmicb.2016.00053
https://doi.org/10.1093/femspd/ftx005


28 Girija et al.

11. Xiao E, Mattos M, Vieira GHA, Chen S, Corrêa JD, Wu Y, et al. Diabetes
enhances IL-17 expression and alters the oral microbiome to increase its
pathogenicity. Cell Host Microbe. (2017) 22:120–8.e4.

12. World Health Organization [WHO]. Antibiotic Resistance. Geneva:
World Health Organization (2020).

13. Lang N, Attström R, Löe H. Proceedings of the European Workshop on
Mechanical Plaque Control - Status of the Art and Science of Dental
Plaque Control: Castle of Münchenwiler, Berne, Switzerland, May 9 - 12,
1998. Batavia, IL: Quintessence Publishing (1998).

14. Mason S, Burnett GR, Patel N, Patil A, Maclure R. Impact of
toothpaste on oral health-related quality of life in people with dentine
hypersensitivity. BMC Oral Health. (2019) 19:226. doi: 10.1186/s12903-
019-0919-x

15. Kumar VS, Navaratnam V. Neem (Azadirachta indica): prehistory
to contemporary medicinal uses to humankind. Asian Pacific J Trop
Biomed. (2013) 3:505–14.

16. Alzohairy MA. Therapeutics role of Azadirachta indica (Neem) and their
active constituents in diseases prevention and treatment. Evid Based
Complement Alternat Med. (2016) 2016:1–11.

17. Janakiram C, Venkitachalam R, Fontelo P, Iafolla TJ, Dye BA.
Effectiveness of herbal oral care products in reducing dental plaque &
gingivitis – a systematic review and meta-analysis. BMC Complement
Med Ther. (2020) 20:43. doi: 10.1186/s12906-020-2812-1

18. Ozaki F, Pannuti CM, Imbronito AV, Pessotti W, Saraiva L, de Freitas
NM, et al. Efficacy of a herbal toothpaste on patients with established
gingivitis: a randomized controlled trial. Braz Oral Res. (2006) 20:172–7.

19. Hosadurga R, Boloor VA, Rao SN, MeghRani N. Effectiveness of two
different herbal toothpaste formulations in the reduction of plaque
and gingival inflammation in patients with established gingivitis – A
randomized controlled trial. J Trad Complement Med. (2018) 8:113–9.

20. Baliyan S, Mukherjee R, Priyadarshini A, Vibhuti A, Gupta A, Pandey
RP, et al. Determination of antioxidants by DPPH radical scavenging
activity and quantitative phytochemical analysis of ficus religiosa.
Molecules. (2022) 27:1326.

21. Jiang W, Deng Z, Dai X, Zhao W. PANoptosis: a new insight into
oral infectious diseases. Front Immunol. (2021) 12:789610. doi: 10.3389/
fimmu.2021.789610

22. Meyer DH, Fives-Taylor PM. Oral pathogens: from dental plaque to
cardiac disease. Curr Opin Microbiol. (1998) 1:88–95.

23. Centers for Disease Control and Prevention [CDC]. Oral Health Tips,
Oral Health. Atlanta, GA: CDC (2021).

24. Moran J, Addy M, Newcombe R. Comparison of an herbal toothpaste
with a fluoride toothpaste on plaque and gingivitis. Clin Prev Dent.
(1991) 13:12–5.

25. Jyoti S, Amit S, Prasun B. Antioxidant activity as free radical scavenging
efficacy of ayurvedic dentifrice. World J Pharmaceutical Res. (2022)
11:1889–97.

26. Kumar M, Prakash S, Radha, Kumari N, Pundir A, Punia S, et al.
Beneficial role of antioxidant secondary metabolites from medicinal
plants in maintaining oral health. Antioxidants. (2021) 10:1061.

27. Bogdan C, Pop A, Iurian SM, Benedec D, Moldovan ML. Research
advances in the use of bioactive compounds from Vitis vinifera by-
products in oral care. Antioxidants. (2020) 9:502.

28. Parveen A, Ahmad QZ, Rashid M, Rahman A, Rehman S. Study of
antimicrobial activity of Unani poly herbal toothpaste “Sunoon Zard”.
Heliyon. (2021) 7:e06249.

29. Chandakavathe BN, Kulkarni RG, Dhadde SB. Formulation and
assessment of in vitro antimicrobial activity of herbal toothpaste. Proc
Natl Acad Sci India Sect B Biol Sci. (2023) 93:317–23. doi: 10.1007/
s40011-022-01424-5

30. Jenner F, Jaleel VA, Kulshrestha R, Maheswar G, Rao PK, Kranthi J,
et al. Evaluating the antimicrobial activity of commercially available
herbal toothpastes on microorganisms associated with diabetes mellitus.
J Contemp Dent Pract. (2013) 14:924–9.

31. Rossi AD, Ferreira DC, da Silva RA, de Queiroz AM, da Silva LA,
Nelson-Filho P, et al. Antimicrobial activity of toothpastes containing
natural extracts, chlorhexidine or triclosan. Braz Dent J. (2014)
25:186–90.

https://doi.org/10.1186/s12903-019-0919-x
https://doi.org/10.1186/s12903-019-0919-x
https://doi.org/10.1186/s12906-020-2812-1
https://doi.org/10.3389/fimmu.2021.789610
https://doi.org/10.3389/fimmu.2021.789610
https://doi.org/10.1007/s40011-022-01424-5
https://doi.org/10.1007/s40011-022-01424-5

	Investigation on the antioxidant, antibacterial, and antibiofilm properties of three distinct herbal tooth powders
	1. Introduction
	2. Materials and methods
	2.1. Evaluation of antioxidant activity (DPPH free-radical scavenging assay)
	2.2. Determination of in vitro antimicrobial activity
	2.3. Determination of antibiofilm activity

	3. Results
	3.1. Evaluation of antioxidant activity (DPPH free-radical scavenging assay)
	3.2. Determination of in vitro antibacterial activity
	3.3. Determination of antibiofilm activity

	4. Discussion
	5. Conclusion
	Ethical waiver issued from IRB/ethical committee
	Authors contributions
	Acknowledgments
	References


