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Abstract

The increasing prevalence of antibiotic resistance and oral infections has spurred interest in plant-based
alternatives with antimicrobial and antioxidant properties. Traditional Indian medicinal systems, such as Siddha
and Ayurveda, have long utilized Terminalia chebula, (T.chebula) (Kadukkai) and Withania somnifera
(W.somnifera) (Ashwagandha) for their therapeutic benefits. Objectives To assess and compare the
antimicrobial activity of ethanolic extracts of Terminalia chebula (T. chebula) and Withania somnifera (W.
somnifera) against Streptococcus mutans(S.mutans) and Candida albicans (C.albicans), and to evaluate their
antioxidant capacity using the DPPH assay. Methods: Ethanolic extracts of 7. chebula and W. somnifera were
prepared and tested for antimicrobial activity using the agar well diffusion method. Minimum inhibitory
concentration (MIC) was determined using serial dilution. Antioxidant activity was assessed via DPPH free
radical-scavenging assay at various concentrations. Results: T.chebula showed superior antimicrobial activity
compared to W. somnifera, with larger zones of inhibition and lower MIC values against both S. mutans and C.
albicans. Both extracts demonstrated dose-dependent antioxidant activity, with 7 chebula exhibiting greater
radical-scavenging potential. The strong antimicrobial and antioxidant effects of 7. chebula are attributed to its
high content of tannins, gallic acid, and phenolic compounds. Conclusion: T.chebula and W.somnifera exhibit
significant antimicrobial and antioxidant properties, supporting their traditional use in oral healthcare. T.
chebula in particular demonstrates strong potential as a natural agent in the prevention and management of oral
infections. Further research, including phytochemical isolation, cytotoxicity studies, and clinical evaluation, is
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warranted to develop effective herbal formulations for dental applications.
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Introduction five of the six tastes (rasas) described in classical Siddha texts,

The resurgence of interest in herbal medicine has brought renewed
attention to the therapeutic potential of single-herb formulations.
In the Siddha system of traditional medicine, this practice is
embodied in the concept of Yegha Mooligai Prayogam—the
clinical application of a single herb for specific ailments.
Compared to polyherbal remedies, which may contain metals and
minerals, single-herb therapies are considered safer, more
economical, and more accessible, making them particularly
relevant in modern integrative healthcare (1).

Among these, Terminalia chebula ( T.chebula) (commonly known
as Kadukkai) holds a revered position in both Siddha and
Ayurvedic systems of medicine. Often praised as being "superior
to the nourishing mother," 7. chebula is notable for encompassing
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underscoring its wide therapeutic range. Rich in tannins,
flavonoids, and phenolic compounds, it exhibits significant
antioxidant, antimicrobial, anti-inflammatory, and rejuvenating
properties (2,4).

The global burden of oral diseases including dental caries,
periodontitis, and oral fungal infections highlights the need for
effective, natural alternatives to conventional treatments.
Streptococcus mutans (S.mutans) is a key bacterial pathogen
associated with dental caries, forming biofilms and producing
acids that erode tooth enamel. In children, S. mutans is the
primary cause of early childhood caries, a condition with long-
term effects on nutrition, speech, and overall quality of life.
Additionally, under certain conditions, S. mutans can enter the
bloodstream and contribute to infective endocarditis, posing a
systemic threat (5.6). Similarly, Candida albicans (C.albicans),
an opportunistic fungal pathogen, is responsible for a range of oral
conditions including oral candidiasis, angular cheilitis, denture
stomatitis, and in immunocompromised individuals, even
esophageal or systemic candidiasis (7).. These infections are
typically managed with antibiotics and antifungal agents, which
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are increasingly challenged by the rise of drug resistance and
adverse side effects.

Concurrently, the rise in multidrug resistance due to the overuse of
antibiotics in humans and animals, alongside the stagnation in the
development of new antimicrobials, has driven global interest in
plant-based antimicrobial alternatives (9,10). The natural agents
like 7. chebula, with their broad-spectrum antimicrobial and
antioxidant properties, present a holistic and safer approach to
managing oral infections and maintaining oral health.

Incidentally, India’s traditional systems of medicine offer a rich
repository of plant-based therapies. One such herb is Withania
somnifera (W.somnifera) (L.) Dunal, commonly known as
Ashwagandha, Indian Ginseng, or Winter Cherry. A foundational
herb in Ayurvedic medicine, it has been used for over 3,000 years
to enhance physical and mental resilience. As an adaptogen,
Ashwagandha supports stress resistance and physiological
balance. It has been extensively studied for its anti-inflammatory,
neuroprotective, immunomodulatory, antidiabetic, and anticancer
effects (3,8 )

Ashwagandha’s antioxidant activity is of particular reference,
which is critical in protecting against oxidative stress a central
mechanism in the development of chronic conditions such as
cancer, cardiovascular disease, and neurodegenerative disorders.
This activity is primarily attributed to its bioactive withanolides,
which possess potent free radical-scavenging abilities and enhance
the activity of endogenous antioxidant enzymes, including
superoxide dismutase (SOD), glutathione peroxidase (GPx), and
catalase(4).

The comparative evaluation of antimicrobial and antioxidant
properties of W.somnifera with T.chebula particularly and their
roles in oral health against key pathogens like S. mutans and C.
albicans remain unexplored. .Hence, the present study aims to
evaluate the antioxidant and antimicrobial potential of two
prominent medicinal plants, T.chebula and W.somnifera, with a
specific focus on their activity against oral pathogens: S.mutans
and C.albicans. The findings may support the development of
effective, plant-based alternatives for the prevention and
management of common oral infections.

Materials and Methods

Plant Material Collection and Preparation

Dried fruits of T.chebulaand roots of W.somnifera were collected
from a certified Ayurvedic herb supplier. The plant materials were
authenticated by a botanist and voucher specimens were deposited
in the institutional herbarium for future reference. The collected
materials were cleaned, shade-dried, and ground into a fine
powder using a mechanical grinder. The powdered samples were
stored in airtight containers at room temperature until extraction.

Preparation of Plant Extracts

The powdered samples were subjected to cold maceration using
ethanol (70%) as the solvent. For each plant, 50 g of powdered
material was soaked in 250 mL of ethanol and left for 72 hours
with intermittent shaking. The mixtures were then filtered using
Whatman No.1 filter paper. The filtrates were concentrated using
a rotary evaporator under reduced pressure and the crude extracts
were stored at 4°C for further use.

Microbial Strains

The standard S.mutans (ATCC 25175) and C.albicans (ATCC
10231) microbial strains were used. Both organisms were

obtained from a certified microbial culture collection center and
were maintained on brain heart infusion (BHI) agar and
Sabouraud dextrose agar (SDA), respectively.

Antimicrobial Activity Assay

The antimicrobial activity of the plant extracts was evaluated
using the agar well diffusion method. Mueller-Hinton agar (for S.
mutans) and Sabouraud dextrose agar (for C. albicans) plates
were prepared. A standardized inoculum (0.5 McFarland standard,
approx. 1.5 x 10® CFU/mL) of each organism was swabbed
evenly onto the respective agar surfaces. Wells of 6 mm diameter
were punched into the agar using a sterile cork borer.100 uL of
each plant extract (concentrations: 25 mg/mL, 50 mg/mL, and 100
mg/mL) was introduced into the wells. Plates were incubated at
37°C for 24 hours. Zones of inhibition were measured in
millimeters using a digital caliper. Positive control used were
Chlorhexidine (0.2%) for S. mutans and , Nystatin (100 IU/mL)
for C. albicans Negative control: 70% ethanol

Minimum Inhibitory Concentration (MIC)

The MIC was determined using the broth microdilution method in
96-well microtiter plates according to CLSI guidelines. Serial
two-fold dilutions of the extracts were prepared (ranging from
0.156 mg/mL to 10 mg/mL).Each well was inoculated with
microbial suspension and incubated at 37°C for 24 hours. MIC
was defined as the lowest concentration showing no visible
growth.

Antioxidant Activity Assay

The antioxidant potential of the extracts was assessed using the
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay. 1
mL of 0.1 mM DPPH solution in methanol was mixed with 1 mL
of plant extract at various concentrations (10-100 pg/mL).The
mixture was incubated in the dark at room temperature for 30
minutes. Absorbance was measured at 517 nm using a UV-Vis
spectrophotometer.

The percentage of DPPH radical scavenging activity was
calculated using the formula:

A control—-Asample X 100

G o
Inhibition% A Control

Where Aconwol 1S the absorbance of the control (DPPH +
methanol), and Asample is the absorbance of the test
extract.Ascorbic acid was used as a reference antioxidant
standard.

Statistical Analysis

All experiments were performed in triplicate. Data were expressed
as mean * standard deviation (SD). Statistical significance was
evaluated using one-way ANOVA followed by Tukey's post hoc
test. A p-value of <0.05 was considered statistically significant.

Results
Antimicrobial Activity
Agar Well Diffusion Assay

Both T.chebula and W.somnifera extracts exhibited concentration-
dependent antimicrobial activity against S mutans and C albicans.
The zones of inhibition increased with higher concentrations of
each extract.

At 100 mg/mL, T.chebula showed a maximum zone of inhibition
of 18.6+ 0.3 mm against S. mutans and 16.2 + 0.3 mm against C.
albicans, respectively. W.somnifera at the same concentration
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exhibited zones of 14.7 = 0.4 mm (S. mutans) and 13.9 £ 0.4 mm
(C. albicans). Positive controls (Chlorhexidine and Nystatin)
showed zones of 23.5 + 0.3 mm and 20.4 + 0.2 mm, respectively.
No zone of inhibition was observed in the negative control (70%
ethanol).

Table 1: Zone of Inhibition (mm) of Plant Extracts against

Oral Pathogens
Plant Extract Concentration S.mutans (mm) C.albicans
(mg/ml) (mm)
25 10.6+0.3 8.9+0.4
50 14.3+ 0.4 11.6+£0.3
T-Chebula 75 16.540.2 12.9+0.4
100 18.6+0.3 16.2+0.3
25 8.7+0.3 7.2+0.2
W.Somnifera 50 10.4+0.2 9.4+0.3
75 12.9+0.3 11.6+£0.3
100 14.7+£0.4 13.9+ 0.4
Ethanol (control) 0 0
Chlorhexidine 23.5+0.3 -
Nystatin - 20.4+0.2

Minimum Inhibitory Concentration (MIC)

The MIC values indicated that 7. chebula exhibited stronger
antimicrobial activity compared to W. somnifera. MIC of T.
chebula was found to be 1.25mg/ml against S.mutans and 2.5 mg/
ml against C.albicans whereas, MIC of W. somnifera against
S.mutans and C. albicans were 2.5mg/ml and 5.0mg/ml
respectively

Antioxidant Activity (DPPH Assay)

Both extracts demonstrated effective DPPH radical scavenging
activity in a concentration-dependent manner (Table 2)

Table 2: Antioxidant activity of Plant Extracts Against Oral

Pathogens
Concentration DPPH scavenging activity(% inhibition)
(ng/ml)
T.chebula W.somnifera Ascorbic acid
20 33.5t1.4 22.6+1.3 47.3+1.1
40 46.3+1.5 34.7+1.2 63.2£1.3
60 63.2+1.1 46.3£1.3 77.2£1.2
80 72.3£1.2 59.3£1.2 86.3+1.3
100 85.2+1.2 73.6£1.3 92.9+1.1
IC50 value 58.7+1.3 49.4+1.1 68.4+1.2

At 100 pg/mL concentration 7. chebula exhibited 85.2%
inhibition and W. somnifera 73.6% inhibition. Ascorbic acid have
shown 92.9% inhibition

Statistical Significance

All results were statistically significant (p < 0.05) when compared
with negative controls. Differences between the extracts were also
significant, with 7. chebula consistently demonstrating superior
activity in both antimicrobial and antioxidant assays.

Discussion

The present study highlights the promising antimicrobial and
antioxidant properties of T.chebula and W.somnifera, two well-
known medicinal plants in traditional Indian medical systems such
as Siddha and Ayurveda. Both plant extracts demonstrated
inhibitory activity against S.mutans and C.albicans, two key oral
pathogens, and showed strong dose-dependent free radical-
scavenging activity in the DPPH assay.

Among the two, the ethanolic extract of 7. chebula showed
superior antimicrobial efficacy, reflected by larger zones of
inhibition and lower minimum inhibitory concentrations (MICs).
This finding aligns with prior studies attributing its antimicrobial
effects to a rich composition of tannins, gallic acid, chebulinic
acid, and other polyphenolic compounds that can disrupt
microbial membranes and inhibit biofilm formation, interfering
with bacterial adhesion (11-16). The activity against S. mutans, a
primary causative agent in dental caries, is particularly relevant.
This pathogen contributes to tooth decay through acid production
and biofilm formation. Inhibiting its growth suggests potential for
T. chebula to be developed into herbal oral hygiene products, such
as toothpaste, rinses, or gels. Such alternatives may offer
advantages over synthetic agents like chlorhexidine, which are
known to cause staining and taste disturbances with prolonged
use.

Candida albicans, a commensal fungus that can become
pathogenic under immunosuppressed conditions, also responded
to both plant extracts, with 7 chebula again demonstrating greater
antifungal activity. This suggests utility not only in preventive oral
care, but also in managing oral candidiasis, especially among
vulnerable populations such as denture wearers and
immunocompromised individuals.

In terms of antioxidant activity, both extracts demonstrated
concentration-dependent radical scavenging. 7. chebula again
showed greater activity, likely due to its higher polyphenolic and
vitamin C content. Oxidative stress is a major contributor to the
pathogenesis of periodontal disease and oral mucosal conditions,
making these findings relevant for broader applications in oral
health maintenance (17-18).

While W. somnifera displayed comparatively moderate
antimicrobial activity, it showed notable antioxidant potential.
This is supported by previous research linking its bioactive
withanolides to enhanced expression of endogenous antioxidant
enzymes such as SOD, catalase, and GPx These actions are
beneficial in reducing oxidative tissue damage in the oral cavity,
especially under chronic inflammatory conditions (19-26).

The antimicrobial effects observed in this study can be attributed
to the phytochemicals that include Tannins that will precipitate
microbial proteins, inhibit key enzymes, and bind to bacterial cell
walls, flavonoids which alters microbial cell permeability and
disrupt enzymatic activity. Additionally phenolic acids can cause
membrane disruption, leading to cell lysis. These underlying
mechanisms with ie the observed efficacy of 7. chebula and W.
somnifera against S. mutans and C. albicans, supports the
therapeutic claims found in traditional medical texts.

The increasing antibiotic resistance, initiates a growing need for
safe, effective, and natural antimicrobial agents. The specificity of
T. chebula’s action, particularly against S. mutans, suggests its
potential in targeted oral healthcare strategies. Its broad-spectrum
activity combined with antioxidant benefits could position it as a
multifunctional agent in both preventive and therapeutic oral
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products. Moreover, the study found that 7. chebula exhibited
lower MIC values against S. mutans compared to C. albicans
indicating pathogen-specific potency. This could be clinically
beneficial by reducing the disruption of beneficial oral microbiota,
unlike many broad-spectrum antibiotics that may cause dysbiosis.

To further validate and expand upon these findings, future studies
should isolate and characterize individual bioactive constituents
using techniques such as HPLC, LC-MS/MS, or GC-MS and
conduct cytotoxicity and biocompatibility assessments on oral
epithelial cells. Further, in vivo studies and clinical trials to
establish efficacy, dosage, and safety in real-world oral care
scenarios should be performed along with other herbs to explore
the synergistic effects for enhanced therapeutic outcomes

Conclusion

The present study demonstrates that both 7.chebula and
W.somnifera possess significant antimicrobial and antioxidant
properties, validating their traditional use in oral healthcare.
Among the two, T. chebula exhibited notably stronger activity
against S.mutans and C.albicans, as well as superior free radical-
scavenging potential in antioxidant assays. These findings sustains
the potential of 7. chebula as a powerful, plant-based alternative to
synthetic antimicrobial agents in the prevention and management
of oral infections, including dental caries and candidiasis. Its long-
standing use in Ayurveda and Siddha medicine, combined with its
safety profile, further enhances its value as a candidate for
incorporation into natural oral care formulations such as
mouthwashes, toothpastes, or gels.

Moreover, the antioxidant activity observed in both extracts may
contribute to reducing oxidative stress in oral tissues, which is
vital in the progression of periodontal and mucosal diseases.
These herbs may serve as holistic agents in promoting oral and
systemic health.

Future studies should focus on the isolation and characterization
of active phytoconstituents, evaluation of cytocompatibility with
oral tissues, and validation through in vivo and clinical trials to
establish safety, efficacy, and optimal formulations for therapeutic
use.

Acknowledgement

The authors would like to thankd Sree Balaji Dental College and
Hospital, Bharath Institute of Higher Education and Research,
Chennai, India

Conflict of interest: Nil
Funding: Nil

References

1. Ravichandran M, Sulfin N, Murugan V. Anthelmintic activity
of murukkanvidhai maathirai (mv pills) — a siddha poly herbal
deworming formulation. World J Pharm Pharm Sci.
2014;3:1471-1478.

2. Naik GH, Priyadarsini KI, Naik DB, Gangabhagirathi R,
Mohan H. Studies on the aqueous extract of T chebula as a
potent antioxidant and a probable radioprotector.
Phytomedicine. 2004;11(6):530-538. doi:10.1016/
Jj-phymed.2003.08.001.

3. Dar NJ, Hamid A, Ahmad M. Pharmacologic overview of W.
somnifera, the Indian Ginseng. Cell Mol Life Sci.
2015;72(23):4445-4460. doi:10.1007/s00018-015-2012-1.
PMID:26306935; PMCID: PMC11113996.

4.

10.

I1.

12.

13.

14.

15.

16.

17.

Kumar S, Seal CJ, Howes MIJ, Kite GC, Okello EJ. In vitro
protective effects of W. somnifera (L.) dunal root extract
against hydrogen peroxide and f-amyloid(1-42)-induced
cytotoxicity in differentiated PC12 cells. Phytother Res.
2010;24(10):1567-1574. doi:10.1002/ptr.3261.
PMID:20680931.

Darout IA. Oral bacterial interactions in periodontal health
and disease. J Dent Oral Hyg. 2014;6:51-57.

Dani S, Prabhu A, Chaitra KR, Desai NC, Patil SR, Rajeev R.
Assessment of S. mutans in healthy versus gingivitis and
chronic periodontitis: A clinico-microbiological study.
Contemp Clin Dent. 2016;7(4):529-534.
doi:10.4103/0976-237X.194114. PMID:27994423; PMCID:
PMC5141670.

Patel M. Oral cavity and C. albicans: colonisation to the
development of infection. Pathogens. 2022;11(3):335.
doi:10.3390/pathogens11030335. PMID:35335659; PMCID:
PMC8953496.

Baitharu I, Jain V, Deep SN, Hota KB, Hota SK, Prasad D,
Ilavazhagan G. Withania somnifera root extract ameliorates
hypobaric hypoxia induced memory impairment in rats. J
Ethnopharmacol. 2013 Jan 30;145(2):431-41. doi: 10.1016/
jjep.2012.10.063. Epub 2012 Dec 2. PMID: 23211660.

Chang CL, Lin CS. Development of antioxidant activity and
pattern recognition of 7. chebula Retzius extracts and its
fermented products. HungKuang J. 2010;61:115-129.

Kumar S, Seal CJ, Howes MJ, Kite GC, Okello EJ. In vitro
protective effects of W. somnifera (L.) dunal root extract
against hydrogen peroxide and p-amyloid(1-42)-induced
cytotoxicity in differentiated PC12 cells. Phytother Res.
2010;24(10):1567-1574. doi:10.1002/ptr.3261.
PMID:20680931.

Hazra B, Sarkar R, Biswas S, Mandal N. Comparative study
of the antioxidant and reactive oxygen species scavenging
properties in the extracts of the fruits of Terminalia chebula,
Terminalia belerica and Emblica officinalis. BMC
Complement Altern Med. 2010;10:20.
doi:10.1186/1472-6882-10-20.

Mahesh R, Bhuvana S, Begum VM. Effect of 7. chebula
aqueous extract on oxidative stress and antioxidant status in
the liver and kidney of young and aged rats. Cell Biochem
Funct. 2009;27(6):358-363.

Gupta A, Mishra A, Bansal P, Singh R, Kumar S, Gupta V.
Phytochemistry and pharmacological activities of haritaki - a
review. J Pharm Res. 2010;3(2):417-424.

Nair V, Singh S, Gupta YK. Anti-arthritic and disease
modifying activity of 7. chebula Retz. in experimental models.
J Pharm Pharmacol. 2010;62(12):1801-1806.

Park JH, Joo HS, Yoo KY, Shin BN, Kim IH, Lee CH, Choi
JH, Byun K, Lee B, Lim SS, Kim MJ, Won MH. Extract from
Terminalia chebula seeds protect against experimental
ischemic neuronal damage via maintaining SODs and BDNF
levels. Neurochem Res. 2011 Nov;36(11):2043-50. doi:
10.1007/s11064-011-0528-9. Epub 2011 Jun 12. PMID:
21667226..

Esharwani A, Polachira SK, Nair R, Agarwal A, Mishra NN,
Gupta SK. Anti-HSV-2 activity of 7. chebula Retz extract and
its constituents, chebulagic and chebulinic acids. BMC
Complement Altern Med. 2017;17(1):1-11. doi:10.1186/
$12906-017-1620-8.

Suganthy N, Muniasamy S, Archunan G. Safety assessment of
methanolic extract of 7. chebula fruit, Terminalia arjuna bark
and its bioactive constituent 7-methyl gallic acid: in vitro and



18.

19.

20.

21.

Int J Ayurvedic Med, Vol 16 (4), 2025; 963-967

in vivo studies. Regul Toxicol Pharmacol. 2018;92:347-357.
doi:10.1016/j.yrtph.2017.12.019.

Bag A, Bhattacharyya SK, Chattopadhyay RR. The
development of 7. chebula Retz. (Combretaceae) in clinical
research. Asian Pac J Trop Biomed. 2013;3(3):244-252.
Khalid MU, Sultan MT, Noor HU, Raza A, Tariq N, Khalil
NA, Abdi G, Aadil RM. Phytochemical profiling of W.
somnifera and its effect on thermal stability of soybean oil.
Appl Food Res. 2025;5(1):100908.

Polumackanycz M, Petropoulos SA, Sledzinski T, Goyke E,
Konopacka A, Plenis A, Viapiana A. Withania
somnifera L.Phenolic Compounds Composition and
Biological Activity of Commercial Samples and Its Aqueous
and Hydromethanolic Extracts. Antioxidants (Basel). 2023
Feb 22;12(3):550. doi: 10.3390/antiox12030550. PMID:
36978798; PMCID: PMC10045402.

Mishra LC, Singh BB, Dagenais S. Scientific basis for the
therapeutic use of W. somnifera (ashwagandha): a review.
Altern Med Rev. 2000;5:334-346.

22.

23.

24,

25.

26.

Tfdhk

Kulkarni SK, Dhir A. W. somnifera: an Indian ginseng. Prog
Neuropsychopharmacol Biol Psychiatry. 2008;32:1093—1105.

White PT, Subramanian C, Motiwala HF, Cohen MS. Natural
withanolides in the treatment of chronic diseases. Adv Exp
Med Biol. 2016;928:329-373.

Kumar G, Srivastava A, Sharma SK, Rao TD, Gupta YK.
Efficacy & safety evaluation of Ayurvedic treatment
(Ashwagandha powder & Sidh Makardhwaj) in rheumatoid
arthritis patients: a pilot prospective study. Indian J Med Res.
2015;141:100-106. doi:10.4103/0971-5916.154510.

Kumar P, Sharma R, Garg N. W. somnifera — a magic plant
targeting multiple pathways in cancer-related inflammation.
Phytomedicine. 2022;101:154137.

Kubukgolla WW , Attanayae AMHS , Jayaweera AAS .
Antibacterial and antioxidant activity of different extracts
obtained from W. somnifera (Ashwagandha). Int J Ayurvedic
Med. 2021;12(4):873-877. doi:10.47552/ijam.v12i4.2220.



