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ABSTRACT

The study describes the comparison of the antimicrobial activity of Tulsi (Ocimum sanctum), Garlic (Allium
sativum), and Turmeric (Curcuma longa) with standard antibiotics, Amoxicillin and Ciprofloxacin, against
Escherichia coli and Staphylococcus aureus. Plant materials were collected locally, extracted using ethanol (Tulsi
and Turmeric) and crude aqueous extraction (Garlic). Extracts were subjected to preliminary phytochemical
screening. Antimicrobial activity was determined using disc diffusion (zone of inhibition) and broth microdilution
methods (MIC). Results were compared with Amoxicillin and Ciprofloxacin as positive controls. It is anticipated
that Garlic and Tulsi extracts has shown significant antimicrobial activity, while Turmeric has exhibit moderate
effects, especially against Gram-positive bacteria. Although synthetic antibiotics are expected to display stronger
inhibitory action, plant extracts may also demonstrate significant activity, suggesting their potential as adjunct
therapies. Tulsi, Garlic, and Turmeric possess promising antimicrobial properties and may serve as complementary
or alternative options to conventional antibiotics. Their bioactive compounds could be explored further for
development into effective antimicrobial agents, helping to address the global challenge of antibiotic resistance.

KEYWORDS: Antimicrobial activity, Tulsi, Garlic, Turmeric, Amoxicillin, Ciprofloxacin, Escherichia coli,
Staphylococcus aureus.

INTRODUCTION propensity to induce resistance. Many decades after the
In recent decades, the global healthcare system has faced first patients were treated with antibiotics, bacterial
an escalating challenge due to the rise in antimicrobial infections have again become a threat.!”!

resistance (AMR). The misuse and overuse of antibiotics
in humans, animals, and agriculture have accelerated the Ethnopharmacologists, botanists, microbiologists, and
evolution of resistant strains, making common infections natural product chemists are exploring diverse
harder to treat and increasing the risk of disease spread, ecosystems worldwide in search of phytochemicals and
severe illness, and mortality.™" potential 'lead' compounds for the treatment of infectious
diseases. While 25% to 50% of current pharmaceuticals
Pathogens such as Escherichia coli and Staphylococcus are derived from plants, few are used as antimicrobial.!
aureus have developed resistance mechanisms that The increasing incidence of drug-resistant pathogens
render conventional antibiotics ineffective. This growing raises an urgent need to identify and isolate new
public health threat has prompted a renewed interest in bioactive compounds from medicinal plants using
alternative treatment options, including plant-derived standardized modern analytical procedures.t
antimicrobials with fewer side effects and a lower
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It is reported in India that scientists are in search of new
phytochemicals that could be developed as useful
antimicrobials for the treatment of infectious diseases.?
Literature from many thousand years ago describes the
use of therapeutic herbs in traditional medicine.’) Books
on Ayurvedic medicine, written in the Vedic period
(3500-1600 B.C) describe practices, including the use of
medicinal plants, that formed the basis of all other
medical sciences developed on the Indian subcontinent.™

Phytochemicals such as alkaloids, flavonoids, and
terpenoids have been found to be responsible for
medicinal plants’ antibacterial properties.’® The growing
interest in phytomedicine and plant-derived compounds
has sparked investigations into their potential to serve as
alternatives or adjuncts to conventional antibiotics.

This study is designed to compare the antimicrobial
activity of herbal extracts of Tulsi, Garlic, and Turmeric
with that of Amoxicillin and Ciprofloxacin against
Escherichia coli and Staphylococcus aureus using two
standard in vitro methods, disc diffusion and broth
dilution (MIC) techniques. The outcome of this research
may contribute to identifying plant-based alternatives to
combat resistant pathogens and enhance integrated
antimicrobial strategies.™”!

MATERIALS AND METHODS

Collection and authentication of Herbal materials

The fresh leaves of Ocimum sanctum (Tulsi), Bulbs of
Allium sativum (Garlic) and Rhizomes of Curcuma longa
(Turmeric) were collected from the nearby market at
Belthangady.

Preparation of ethanolic extract of Tulsi, Garlic and
Turmeric

Fresh plant materials including Ocimum sanctum (Tulsi)
leaves, Allium sativum (Garlic) bulbs, and Curcuma
longa (Turmeric) rhizomes were collected, washed
thoroughly under tap water, shade-dried at room
temperature for 7-10 days, and then pulverized into
coarse powder using a mechanical grinder. The
powdered materials were stored in air-tight container.
The powdered materials (~40g each) of Tulsi and
Turmeric were packed into a thimble and subjected to
Soxhlet extraction using 250mL of 95% ethanol for
approximately 6 hours at a temperature range of 60 -
70°C.

The fresh garlic was washed properly by running tap
water and peeled and sliced into small pieces and ground
with mortar and pestle, the crushed material was
subjected to Soxhlet extraction using ethanol as the
solvent. The extraction was carried out until the solvent
became colorless, indicating complete extraction of the
bioactive compounds. The obtained extracts were then
filtered and concentrated under reduced pressure using a
rotary evaporator. The dried crude extracts were stored in
airtight containers at 4°C until further use.™**#

Preliminary Phytochemical Evaluation!™® ' %

The ethanolic extract of Ocimum sanctum (Tulsi), Allium
sativum (Garlic) and Curcuma longa (Turmeric) were
subjected to preliminary phytochemical screening using
standard procedure.

Bacterial Culture and Inoculum Preparation

The bacterial strains were sub-cultured on nutrient agar
and incubated overnight at 37°C to obtain isolated
colonies. A single colony was transferred into the
nutrient broth and incubated for 18-24 hours to reach the
logarithmic phase. The bacterial suspension was then
adjusted to 0.5 McFarland standard, which
approximately corresponds to 1x10® CFU/ml. This
turbidity was verified by measuring the optical density at
600 nm (ODG600), aiming for a range of 0.08 to 0.13,
using a UV-visible spectrophotometer.?  The
standardized inoculum was diluted 1:20 in Mueller-
Hinton broth to achieve a final concentration of ~5x10°
CFU/mL for antimicrobial testing.?2%’!

Antimicrobial Assays

The antimicrobial potential of the ethanol-based extracts
of Ocimum sanctum, Allium sativum and Curcuma longa
with the concentrations of 10mg/ml, 25mg/ml, 50mg/ml,
75mg/ml, 100mg/ml of each extract were assessed
through the Disc diffusion method (Kirby—Bauer
technique).

In the disc diffusion assay, Nutrient Agar plates were
uniformly seeded with the standardized bacterial
inoculum using sterile cotton swabs. Sterile 6mm filter
paper discs were saturated with 50uL of plant extract
solution at a concentration of 100mg/mL and carefully
positioned onto the surface of the agar. Discs containing
Amoxicillin and Ciprofloxacin with 10mg/ml, 25mg/ml,
50mg/ml, 75mg/ml, 100mg/ml served as reference
antibiotics for comparison. After incubation at 37°C for
24 hours, the diameter of inhibition zones around each
disc was measured in millimeters. Each assay was
carried out in triplicate to ensure reliability. %%

RESULT AND DISCUSSION

Extraction of plant material

The crude extracts of Ocimum sanctum (Tulsi), Allium
sativum (Garlic), and Curcuma longa (Turmeric) were
successfully prepared using ethanol as solvent in this
extraction method.
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Figure No. 01: Crude drug Extracts.

Preliminary Phytochemical Screening Flavonoids, Glycosides, Steroids, Tannins and Phenolic
Results of the preliminary phytochemical investigation of Compounds, Carbohydrates and Proteins.
various herbal extracts is shown the presence Alkaloids,

Antimicrobial Assay
Table No. 01: Results showing the Zone of Inhibition of different herbal extracts and antibiotics against

Escherichia coli.

cone 10mg/mi 25mg/mi 50mg/mi 75mg/ml | 100mg/ml
Discs
Ocimum sanctum 70+£1.0 10.8+0.6 12.6+1.1 147413 | 164+15
Allium sativum 0.0+0.0 9.1+1.1 12+1.3 15.80+1.0 | 17.4+0.5
Curcuma longa 6.21+0.31 | 7.45+0.26 | 8.32+1.06 | 8.52+0.32 | 8.81+0.23
Amoxicillin 17.0£0.3 19.0+0.2 21.0+0.3 22.0+0.3 | 23.0+0.5
Ciprofloxacin 21.0+0.2 23.0+0.2 25.0+0.3 26.0+0.2 27.0+03

Antimicrobial Activity: Zone of Inhibition by Concentration and Sample
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Figure No. 02: Graphical representation for Zone of Inhibition of different herbal extracts and antibiotics
against Escherichia coli.

Table No. 02: Results showing the Zone of Inhibition of different herbal extracts and antibiotics against
Staphylococcus aureus.

Conc.
10mg/ml | 25mg/ml | 50mg/ml | 75mg/ml | 100mg/ml

Discs
Ocimum sanctum | 9.0+0.3 12.140.3 15.0£1.0 17.0£0.5 | 19+15
Allium sativum 9.61+0.80 | 11.12+1.2 | 12+1.4 14.3£1.2 | 21+1.3
Curcuma longa 6.18+0.23 | 7.03+0.23 | 7.88+0.14 | 9.11+0.12 | 11.33+0.58
Amoxicillin 19.0+£0.2 | 21.0+0.3 | 23.0£1.0 | 24.0+0.6 | 25.0+0.3
Ciprofloxacin 23.0£0.3 | 25.0#0.2 | 27.0+0.3 | 28.0+0.2 | 29.0+0.4
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Antimicrobial Activity: Zone of Inhibition by Concentration and Substance
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Figure No.: 03: Graphical representation for Zone of Inhibition of different herbal extracts and antibiotics

against Staphylococcus aureus.

The findings indicate that although synthetic antibiotics
remain more potent, herbal extracts, particularly Allium
sativum (Garlic) and Ocimum sanctum (Tulsi), exhibited
notable concentration-dependent antibacterial activity
against E. coli and S. aureus. Garlic showed the strongest
inhibition, attributed to sulphur-containing compounds
such as allicin and ajoene, while Tulsi demonstrated
moderate efficacy due to its phenolic and terpenoid
constituents. Curcuma longa (Turmeric) displayed the
least effect, likely due to limited curcumin solubility.
Compared to standard antibiotics, Ciprofloxacin showed
superior efficacy; however, the herbal extracts showed
considerable potential as supportive or alternative
therapeutic agents, particularly against resistant or mild
bacterial infections.

CONCLUSION

The ethanolic extracts of Garlic, Tulsi, and Turmeric
showed concentration-dependent antibacterial activity,
with Garlic being the most effective against both test
organisms. Although less potent than Amoxicillin and
Ciprofloxacin, the herbal extracts exhibited significant
antibacterial potential, supporting their traditional
medicinal use. Garlic, in particular, presents promise as a
natural alternative or adjunct to antibiotics. Further
research on purification and formulation is warranted to
enhance their therapeutic applicability.

REFERENCES
1. Ventola CL. The antibiotic resistance crisis: part 1:

causes and threats. Pharm Ther, 2015; 40(4): 277-83.

2. Spellberg B, Gilbert DN. The future of antibiotics
and resistance: a tribute to a career of leadership by
John Bartlett. Clin Infect Dis, 2014; 59(2): S71-5.

3. Cowan MM. Plant products as antimicrobial agents.
Clin Microbiol Rev, 1999; 12(4): 564-82.

4. Vaou N, Stavropoulou E, Voidarou C, Tsigalou C,

plant antimicrobial activity: A review study on
challenges and future perspectives. Microorganisms,
2021; 9(10): 2041-42.

5. Banna QR, Umar BU, Rahman SN, Alam T, Anwar
KS, Shirin L. In Vitro comparison in the
antimicrobial effect between Ciprofloxacin and
Neem leaf extract (Azadirachta indica) on
Escherichia coli Growth. Bangladesh J of Med Sci,
2016; 15(2): 172-77.

6. Chang JD, Mantri N, Sun B, Jiang L, Chen P, Jiang
B, et al. Effects of elevated CO, and temperature on
Gynostemma pentaphyllum physiology and bioactive
compounds. J Plant Physiol, 2016; 19(1): 41-52.

7. Pattanayak P, Behera P, Das D, Panda SK. Ocimum
sanctum Linn. A reservoir plant for therapeutic
applications: an overview. Pharmacogn Rev, 2010;
(4): 95-105.

8. Ghosh T, Mithy TK, Swain PK, Bose A.
Anthelmintic and antimicrobial activity of Enhydra
fluctuans Lour aerial parts. Pharmacognosy, 2007;
1(11): 204-08.

9. Prasad S, Tyagi AK. Traditional medicine: plants as
source of antibacterial agents. Curr Pharm
Biotechnol, 2015; 16(5): 425-40.

10. Balouiri M, Sadiki M, Ibnsouda SK. Methods for in
vitro evaluating antimicrobial activity: a review. J
Pharm Anal, 2016; 6(2): 71-9.

11. Bhuvaneswari S, Suchitra MR, Noor MB,
Madhumitha R, Gajalakshmi P. Screening of stem
extracts of Andrographis echioides for anti-
inflammatory, anti-arthritic, anti-microbial, and anti-
cancer activity against MCF-7 human breast cancer
cell lines. Biomedical & Pharmacology Journal,
2022; 15(3): 1483-96.

12. Njima MA, Adekanmbi AO, Olajide JO.
Antimicrobial Activity of Extracts of Turmeric
(Curcuma longa) and Garlic (Allium sativum)

Bezirtzoglou E. Towards advances in medicinal Against  Selected Bacterial Clinical Isolates.
www.ejpmr.com | Vol 13, Issue 1, 2026. |  1S0O9001:2015 Certified Journal | 254




Pratheeksha et al.

European Journal of Pharmaceutical and Medical Research

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

Mediterr J Infect Microb Antimicrob, 2021; 10(6):
€2020-6.

Kaprou GD, BergSpica I, Alexa EA,
Alvarez-Ordofiez A, Prieto M. Rapid Methods for
Antimicrobial Resistance Diagnostics. Antibiotics
(Basel), 2021; 10(2): 209-10.

CLSI. Performance standards for antimicrobial
susceptibility testing. 33rd ed. Wayne, PA: Clinical
and Laboratory Standards Institute, 2023; 1(1):
10-14.

Mitic-Culafic D et al. Antimicrobial Susceptibility
Testing: A Comprehensive Review of Currently
Used Methods. Antibiotics (Basel), 2022; 11(4):
427-29.

Hu X et al. Evaluation of Agar Dilution Method in
Susceptibility =~ Testing of  Polymyxins  for
Enterobacteriaceae and Non-Fermentative Rods:
Advantages Compared to Broth Microdilution and
Broth Macrodilution. Antibiotics (Basel), 2022;
11(10): 1392.

Akhtar R, Akhtar MR, Arshad R, Masood S.
Evaluation of Antibiotic Susceptibility Tests: Agar
Diffusion and Broth Dilution Assay Against
Enterococcus faecalis. Pak J Med Dent, 2022; 11(3):
3-10.

Al Noman Z, Anika TT, Sachi S, Ferdous J, Sarker
YA, Sabur MA, et al. Evaluation of antibacterial
efficacy of garlic (Allium sativum) and ginger
(Zingiber  officinale) crude extract against
multidrug-resistant poultry pathogen. J Adv Vet
Anim Res, 2023; 10(2): 151-7.

Harborne JB. Phytochemical methods: a guide to
modern techniques of plant analysis. 3rd ed. Berlin:
Springer, 2021.

Shaikh JR, Patil M. Qualitative tests for preliminary
phytochemical screening: An overview. Int J of
chem std, 2020 Mar 1; 8(2): 603-8.

Abduljabar YA, Hasan HK. Journal of Population
Therapeutics & Clinical Pharmacology.

Xu L, Ren F, Doma BT. Intelligent Microbial
Growth Monitoring: A Parallel OD600 Detection
System  Based on  Artificial Intelligence.
Zhangjiakou. China, 2024; 130-133.

Sharma B, Saxena S, Datta A, Arora S.
Spectrophotometric analysis of degradation of
chlorpyrifos pesticide by indigenous
microorganisms isolated from affected soil. Int. J.
Curr. Microbiol. Appl. Sci, 2016; 5(9): 742-49.

www.ejpmr.com | Vol 13, Issue 1, 2026.

1SO 9001:2015 Certified Journal

255




