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Abstract: Infectious disease is a type of disease caused by invasion by microbiological 
agents, such as bacteria. One type of bacteria is Staphylococcus aureus which is a Gram-
positive bacteria. The definitive therapy for bacterial infections is the administration 
of antibiotics. However, overuse of antibiotics leads to bacterial resistance. One of the 
efforts to overcome this is with alternative antibiotics made from herbs, such as Tulsi 
(Ocimum tenuiflorum L.). This study aims to determine the antibacterial activity of 
Tulsi ethanolic extract against S. aureus. This research was conducted at the Analysis 
Laboratory of the Faculty of Agriculture, Warmadewa University from October to 
November 2024. The research design used a true experimental method with a posttest 
only control group design model, namely by testing the antibacterial activity of Tulsi 
ethanolic extract with concentrations of 25%, 50%, and 75% against S. aureus. In the 
antibacterial test results, the diameter of the inhibition zone formed at concentrations 
of 25%, 50%, and 75% was 5.25 mm, 5.90 mm, and 7.22 mm, respectively. Based on 
the One Way ANOVA test results, the P value <0.001 was obtained, which means 
there is a significant difference between the treatment groups. Based on this study, it 
can be concluded that Tulsi ethanolic extract has moderate antibacterial activity. 
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Introduction  
 

Infectious diseases are illnesses caused by the 
invasion of microbiological agents, such as bacteria. The 
human body naturally hosts normal organisms in 
certain organs, such as the intestines or mouth. 
However, this condition can change when there is an 
invasion by highly pathogenic bacteria, followed by the 
proliferation of these bacteria, leading to disease (Kulla 
& Herrani, 2022). In 2019, infectious diseases accounted 
for 52.9% of deaths in Africa and nearly 25% of deaths in 
the Eastern Mediterranean and Southeast Asia (WHO, 
2022). That same year, Staphylococcus aureus, Escherichia 
coli, Streptococcus pneumoniae, Klebsiella pneumoniae, and 
Pseudomonas aeruginosa contributed to 30.9% of 7.7 
million infection-related deaths globally. Staphylococcus 
aureus alone was the leading bacterial cause of death in 

135 countries, associated with 1,105,000 deaths in 2019 
(Linz et al., 2023). 

Staphylococcus aureus has a grape-like cluster shape 
and appears golden in color (Widiastuti & Pramestuti, 
2018). This bacterium is often found colonizing the nasal 
cavity and nasal mucosa of humans, with about 30% of 
the healthy adult population being invaded by S. aureus. 
Although S. aureus is a normal flora coexisting with 
humans, it has the potential to cause adverse effects, 
ranging from skin infections to severe conditions such as 
bloodstream infections, endocarditis, osteomyelitis, and 
necrotizing infections (Jenul & Horswill, 2019). 

Definitive therapy for bacterial infections is the 
administration of antibiotics (Huemer et al., 2020). For S. 
aureus infections, commonly used antibiotics include 
penicillin and methicillin (Guo et al., 2020). However, 
previous studies have reported an increase in antibiotic 
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resistance cases in S. aureus, attributed to years of 
antibiotic use without proper responsibility (Breijyeh et 
al., 2020). Therefore, alternative antibiotics are needed to 
replace conventional antibiotics in eradicating S. aureus. 

Tulsi, also known as Ocimum tenuiflorum, is a plant 
in the Lamiaceae family. In Ayurvedic teachings, this 
plant is referred to as the "holy basil" or "queen of herbs" 
due to its ability to treat various diseases (Sintya et al., 
2023). Previous studies have identified Tulsi's 
antibacterial properties, attributed to its content of 
terpenoids, phenolics, flavonoids, glycosides, and 
phenylpropanoids (Permatananda et al., 2025). 
According to a study conducted by Yamani et al. (2016), 
Tulsi essential oil at concentrations of 2.25% and 4.5% 
could inhibit the growth of S. aureus, including 
Methicillin-Resistant Staphylococcus aureus (MRSA) 
(Yamani et al., 2016). Thus, researchers are interested in 
analyzing the phytochemical content of Tulsi extract and 
its ability to inhibit the growth of S. aureus. 

 
Method  

 
The study was conducted at the Analytical 

Laboratory of the Faculty of Agriculture, Warmadewa 
University, Denpasar, Bali. This research was carried out 
from October to November 2024. The study design used 
a true experimental research method with a posttest-
only control group design model. Antibacterial activity 
testing of Tulsi ethanolic extract against S. aureus ATCC 
25923 was performed using the disk diffusion method to 
measure the diameter of the inhibition zone (Zone of 
Inhibition, ZOI) (Dharsono et al., 2022). The population 

in this study was S. aureus ATCC 25923. The sample used 
was S. aureus ATCC 25923 cultured in the Analytical 
Laboratory of the Faculty of Agriculture, Warmadewa 
University. The bacteria were grown on Luria Bertani 
medium (10 g/L peptone, 5 g/L yeast extract, 10 g/L 
NaCl, 20 g/L bacto agar). 

The independent variable in this study was the 
ethanolic extract of Tulsi ( Ocimum tenuiflorum L.), while 
the dependent variable was the diameter of the 
inhibition zone (ZOI). Data analysis was performed 
using Microsoft Excel 2019. Descriptive analysis 
involved observing the antibacterial activity of Tulsi 
ethanolic extract (Hamidah et al., 2019). The formation 
of an inhibition zone indicated a positive result. The data 
obtained in this test included the mean diameter of the 
inhibition zone and standard deviation. The data were 
processed using JAMOVI software and analyzed using 
One-Way Analysis of Variance (ANOVA) to examine 
the differences in the inhibition zones of S. aureus ATCC 
25923 growth. 

 
Result and Discussion 

 
This study was conducted after obtaining an ethical 

clearance letter issued by the Ethics Committee of the 
Faculty of Medicine and Health Sciences, Warmadewa 
University, with the reference number 
512/Unwar/FKIK/EC-KEPK/X/2024.  

The research aimed to determine the antibacterial 
activity of Tulsi (Ocimum tenuiflorum L.) ethanolic extract 
against S. aureus ATCC 25923. The inhibition zones for 
each treatment group are presented in Table 1. 

 
Table 1. Inhibition Zone of Bacterial Growth 

Experiment No. Tulsi Ethanolic Extract 
25% 

Tulsi Ethanolic Extract 
50% 

Tulsi Ethanolic Extract 
75% 

Negative Control 
(Aquadest) 

1 5.28 6.07 6.87 0 
2 5.25 6.36 7.49 0 
3 5.13 6.33 7.96 0 
4 5.32 5.64 6.83 0 
5 5.27 5.51 7.11 0 
6 5.23 5.49 7.06 0 
Mean 5.25 5.90 7.22 0 
SD 0.065 0.403 0.432 0.000 

Table 1 shows that the 25% Tulsi ethanolic extract 
produced an inhibition zone of 5.25±0.065 mm, the 50% 
Tulsi ethanolic extract produced 5.9±0.403 mm, and the 
75% Tulsi ethanolic extract produced 7.22±0.432 mm. 
Meanwhile, the negative control showed no inhibition 
zone.  

This study employed a One-Way ANOVA test for 
data analysis. Certain prerequisites must be met before 
conducting a One-Way ANOVA, including a normality 
test to determine whether the data distribution is 

normal. The Shapiro-Wilk test was chosen as the 
normality test because the sample size was less than 50. 
Data is considered normally distributed if the 
significance value is >0.05. The results of the normality 
test are presented in Table 2. 

Table 2 shows that the 25% extract has p = 0.648, the 
50% extract has p = 0.136, and the 75% extract has p = 
0.260. The negative control was not included in this data 
analysis because the result was static, i.e., 0. All 
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treatment groups are considered to have normal data 
because the significance values p > 0.05.  

 
Table 2. Normality Test 

Group (Inhibition 
Zone) 

Saphiro Wilk 

Statistic df Sig 

Tulsi Ethanolic 
Extract 25% 

0.909 6 0.648 

Tulsi Ethanolic 
Extract 50% 

0.842 6 0.136 

Tulsi Ethanolic 
Extract 75% 

0.878 6 0.260 

 
Since the data follows a normal distribution, a One-

Way ANOVA test was conducted, with the results 
shown in Table 3. In Table 3, a p-value of <0.001 was 
obtained, indicating a significant difference between the 
treatment groups. 

 
Table. 3 One Way Anova 

Variable F P Value 

Inhibition Zone Diameter 682 <0.001 

 
The results of the antibacterial activity test of Tulsi 

ethanolic extract showed a difference in the inhibition 
zone diameter for each concentration. The study found 
that the 75% concentration extract had the largest 
average inhibition zone diameter of 7.22±0.432 mm, 
followed by the 50% and 25% extracts, with inhibition 
zones of 5.9±0.403 mm and 5.25±0.065 mm, respectively. 
All three extract concentrations exhibited inhibition 
zone diameters ranging from 5-10 mm, categorizing 

them as having moderate antibacterial activity (Morales, 
2003). 

Several factors influence antibacterial activity, 
including extract concentration, the type of bacteria 
tested, and the content of secondary metabolites. An 
increase in the concentration of antibacterial compounds 
correlates with enhanced ability to penetrate microbial 
cells, ultimately damaging the cell’s metabolic systems 
and inducing apoptosis. In other words, bacterial 
growth inversely correlates with increasing extract 
concentration (Ballo et al., 2021). Angelina (2015) also 
mentioned that higher extract concentrations increase its 
inhibitory effect on bacterial growth, which is known as 
the dose-related pharmacological effect. 

The antibacterial activity of Tulsi ethanolic extract 
is likely due to the secondary metabolites it contains 
(Mallikarjun et al., 2016; Permatananda et al., 2024; 
Yamani et al., 2016). A qualitative phytochemical test by 
Borah & Biswas (2018) reported that Tulsi ethanolic 
extract contains phenolic compounds, tannins, 
flavonoids, saponins, terpenoids, and alkaloids. These 
compounds have been shown to possess antibacterial 
activity by disrupting bacterial cell membranes, 

inhibiting essential enzymes, or interfering with the 
metabolic functions of bacteria. Phenols, for example, 
can halt bacterial cell metabolism through protein 
denaturation (Silhavy et al., 2010). They can also damage 
bacterial cell membranes by dissolving lipids in the 
membrane, causing leakage of ions and essential 
molecules, leading to cell death (Ghosh et al., 2022; 
Nourbakhsh et al., 2022). At low concentrations, phenols 
act as bacteriostatic agents, while at higher 
concentrations, they become bactericidal, killing bacteria 
by disrupting membranes and essential proteins 
(Marfuah et al., 2018). 

Flavonoids damage bacterial cytoplasmic 
membranes, leading to the release of intracellular 
compounds by forming complexes with extracellular 
proteins (Ariani et al., 2020). Alkaloids disrupt the 
formation of bacterial cell walls, causing apoptosis due 
to the interference with peptidoglycan components. 
Tannins disrupt bacterial metabolism by denaturing 
proteins. This occurs because tannins work by forming 
polysaccharide complexes in bacterial cell walls. 
Saponins cause damage to the membrane, leading to the 
release of components from bacterial cells due to the 
instability of the bacterial cell. Terpenoids inhibit 
bacterial protein synthesis by blocking processes in the 
protein synthesis pathway (Marfuah et al., 2018). 

This study successfully found the potential for Tulsi 
ethanolic extract to inhibit S. aureus bacteria, with 
increased antibacterial activity observed as the 
concentration of the extract increased. However, 
variations in the level of antibacterial activity were noted 
(Angelina, 2015; Ariani et al., 2020). In this study, Tulsi 
ethanolic extract concentrations ranging from 25% to 
75% showed moderate antibacterial activity. In contrast, 
the study by Angelina (2015) on the antibacterial activity 
of ethanolic basil leaf extract (Ocimum sanctum L.) 
against Escherichia coli and Staphylococcus aureus at 
concentrations between 20% and 100% found strong 
antibacterial activity. Similarly, the study by Ariani et al. 
(2020) on the antibacterial activity of ethanolic basil leaf 
extract (Ocimum sanctum L.) against Staphylococcus aureus 
in vitro showed weak to strong antibacterial activity at 
similar concentrations. Several factors may explain the 
differences observed, including the variability of Tulsi’s 
secondary metabolites based on geographic conditions, 
climate, soil type, and cultivation methods. 
Additionally, Tulsi has various cultivars, such as the 
Rama and Krishna varieties, which may have different 
active compound contents. Differences in antibacterial 
activity testing methods, such as pH, temperature 
during testing, bacterial strain, and culture medium, 
may also affect research outcomes (Nirmalasari, 2024; 
Suputra, 2024). 
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Limitations of the Study 
The main limitation of this study is the potential 

composition of phytochemicals in the extract, which 
heavily depends on the extraction method, extract 
concentration, as well as the environmental and 
geographical conditions where Tulsi was obtained 
(Borah & Biswas, 2018; Priya & Peddha, 2023). This 
variation may lead to differences in the content of active 
compounds, which directly affect the antibacterial 
potential of the extract. Furthermore, the use of the disk 
diffusion method, which is influenced by the ability of 
active compounds to diffuse in the agar medium, may 
limit the accuracy of measuring antibacterial activity. 
Measurement bias may also occur in this study, as the 
inhibition zone was manually measured using a ruler or 
caliper, which is prone to subjective error. 
 

Conclusion  

 
Based on the research results, Tulsi ethanolic extract 

at concentrations of 25%, 50%, and 75% produced 
inhibition zone diameters on S. aureus ATCC 25923 of 
5.25 mm, 5.90 mm, and 7.22 mm, respectively. These 
inhibition zone diameters, when classified, fall into the 
moderate antibacterial activity category. When 
compared to the control (aquades), the Tulsi ethanolic 
extract showed a significant difference in antibacterial 
activity (p-value <0.05). 
 
Acknowledgments  
We thank Laboratory of Agriculture, Warmadewa University 
for facilitating this research 
 
Author Contributions 
All author contributed in conceptualization and perfomed this 
research. All author had part in drafting the article. 
Permatananda finished and submitted the article. 
 
Funding 
This research received no external funding.  
 
Conflicts of Interest 
No conflicts of interest. 

 
References  

 
Angelina, M. T. S. K. (2015). Uji Aktivitas Antibakteri 

Ekstrak Etanol Daun Kemangi (Ocimum sanctum 
L.) terhadap Pertumbuhan Bakteri Escherichia coli 
dan Staphylococcus aureus. Protobiont, 4(1). 
https://doi.org/10.26418/PROTOBIONT.V4I1.97
68 

Ariani, N., Febrianti, D. R., & Niah, R. (2020). Uji 
Aktivitas Ekstrak Etanolik Daun Kemangi 
(Ocimum sanctum L.) terhadap Staphylococcus 
aureus secara In Vitro. Jurnal Pharmascience, 7(1), 

107–115. Retrieved from 
https://ppjp.ulm.ac.id/journal/index.php/phar
mascience/article/view/8080 

Ballo, N. D. S., Indriarini, A., & A.L.S.S. (2021). Uji 
Aktivitas Anti Bakteri Ekstrak Etanol Daun 
Kemangi (Ocimum Sanctum L.) Terhadap 
Pertumbuhan Bakteri Staphylococcus aureus 
Secara In Vitro. Cendana Medical Journal, 9(1), 83–
93. https://doi.org/10.35508/CMJ.V9I1.4940 

Borah, R., & Biswas, S. P. (2018). Tulsi (Ocimum 
sanctum), excellent source of phytochemicals. 
International Journal of Environment, Agriculture and 

Biotechnology, 3(5), 265258. Retrieved from 
https://www.neliti.com/publications/265258/ 

Breijyeh, Z., Jubeh, B., & Karaman, R. (2020). Resistance 
of gram-negative bacteria to current antibacterial 
agents and approaches to resolve it. Molecules, 
25(6), 1–3. 
https://doi.org/10.3390/molecules25061340 

Dharsono, H., Putri, S., Kurnia, D., Dudi, D., & Satari, M. 
(2022). Ocimum Species: A Review on Chemical 
Constituents and Antibacterial Activity. Molecules. 
https://doi.org/10.3390/molecules27196350 

Ghosh, S., Nandi, S., & Basu, T. (2022). Nano-
antibacterials using medicinal plant components: 
an overview. Frontiers in Microbiology, 12, 768739. 
https://doi.org/10.3389/fmicb.2021.768739 

Guo, Y., Song, G., Sun, M., Wang, J., & Wang, Y. (2020). 
Prevalence and therapies of antibiotic-resistance in 
Staphylococcus aureus. Frontiers in Cellular and 
Infection Microbiology, 10, 107. 
https://doi.org/10.3389/fcimb.2020.00107 

Hamidah, M. N., Rianingsih, L., & Romadhon, R. (2019). 
Aktivitas Antibakteri Isolat Bakteri Asam Laktat 
Dari Peda Dengan Jenis Ikan Berbeda Terhadap E. 
Coli Dan S. Aureus. Jurnal Ilmu Dan Teknologi 
Perikanan, 1(2), 11–21. 
https://doi.org/10.14710/JITPI.2019.6742 

Huemer, M., Mairpady, S. S., Brugger, S. D., & 
Zinkernagel, A. S. (2020). Antibiotic resistance and 
persistence-Implications for human health and 
treatment perspectives. EMBO Reports, 21(12), 1–5. 
https://doi.org/10.15252/EMBR.202051034 

Jenul, C., & Horswill, A. R. (2019). Regulation of 
Staphylococcus aureus Virulence. Microbiology 
Spectrum, 7(2), 1–8. 
https://doi.org/10.1128/microbiolspec.gpp3-

0031-2018 
Kulla, P., & Herrani, R. (2022). Uji Aktivitas Antibakteri 

dari Ekstrak Bawang Lanang (Allium sativum L.) 
Terhadap Pertumbuhan Bakteri Staphylococcus 
aureus dan Escherichia coli. Journal of Healthcare 
Technology and Medicine, 8(2), 1408–1420. Retrieved 
from 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12, Issue 1, 848-852  

 

852 

http://www.jurnal.uui.ac.id/index.php/JHTM/a
rticle/view/2479 

Linz, M. S., Mattappallil, A., Finkel, D., & Parker, D. 
(2023). Clinical Impact of Staphylococcus aureus 
Skin and Soft Tissue Infections. Antibiotics, 12(3), 1–
27. https://doi.org/10.3390/antibiotics12030557 

Mallikarjun, S., Rao, A., Rajesh, G., Shenoy, R., & Pai, M. 
(2016). Antimicrobial efficacy of Tulsi leaf 
(Ocimum sanctum) extract on periodontal 
pathogens: An: in vitro: study. Journal of Indian 
Society of Periodontology, 20(2), 145–150. 
https://doi.org/10.4103/0972-124X.175177 

Marfuah, I., Dewi, E. N., & Rianingsih, L. (2018). Kajian 
Potensi Ekstrak Anggur Laut (Caulerpa Racemosa) 
Sebagai Antibakteri Terhadap Bakteri Escherichia 
Coli dan Staphylococcus aureus. Jurnal Pengolahan 
Dan Bioteknologi Hasil Perikanan, 7(1), 7–14. 
Retrieved from 
https://ejournal3.undip.ac.id/index.php/jpbhp/
article/view/20383 

Morales, G. (2003). Secondary Metabolites From Four 
Medicinal Plants From Northern Chile: 
Antimicrobial Activity And Biotoxicity Against 
Artemia salina. Journal of the Chilean Chemical 
Society, 48(2), 13–18. 
https://doi.org/10.4067/S0717-
97072003000200002 

Nirmalasari, N. K. D. A. (2024). Aktivitas Antioksidan 
Ekstrak Limbah Kulit Jeruk Siam Kintamani 
(Citrus nobilis) dengan Pelarut Polar, Semipolar, 
dan Nonpolar. Jurnal Ners, 8(1), 210–215. 
https://doi.org/10.31004/JN.V8I1.19385 

Nourbakhsh, F., Lotfalizadeh, M., Badpeyma, M., 
Shakeri, A., & Soheili, V. (2022). From plants to 
antimicrobials: Natural products against bacterial 
membranes. Phytotherapy Research, 36(1), 33–52. 
https://doi.org/10.1002/ptr.7275 

Permatananda, P. A. N. K., Wayan, I., Sutirta, I. W. P., 
Ratna, M., Suranaya, I. G., & others. (2024). 
Antioxidant Effects of Ocimum tenuiflorum on 
Catalase and Glutathione Peroxidase In Vivo. 
Integrative Biomedical Research, 8(11), 1–6. 
https://doi.org/10.25163/angiotherapy.81110040 

Permatananda, P. A. N. K., Yasa, I. W. P. S., Sumardika, 
I. W., Saraswati, M. R., & Pandit, I. G. S. (2025). 
From Tradition to Translation: A Systematic 
Review on the Pharmacological Actions of Eugenol 
Extracted from Ocimum Plants in Oxidative Stress, 
Inflammation, and Diabetes Mellitus. Bioscientia 
Medicina: Journal of Biomedicine and Translational 
Research, 9(6), 7648–7663. 
https://doi.org/10.37275/bsm.v9i6.1302 

Priya, S., & Peddha, M. S. (2023). Physicochemical 
characterization, polyphenols and flavonoids of 

different extracts from leaves of four varieties of 
tulsi (Ocimum sp.). South African Journal of Botany, 
159, 381–395. 
https://doi.org/10.1016/j.sajb.2023.06.025 

Silhavy, T. J., Kahne, D., & Walker, S. (2010). The 
bacterial cell envelope’. Cold Spring Harbor 
Perspectives in Biology, 2(5). 
https://doi.org/10.1101/CSHPERSPECT.A00041
4 

Sintya, E., Aryastuti, S. A., Permatananda, P. A. N. K., & 
Indrayani, A. W. (2023). Relative GC-MS 
Examination of Biological Activity Constituents of 
Ocimum tenuiflorum Extracts. Research Journal of 
Pharmacy and Technology, 16(9), 4377–4383. 
https://doi.org/10.52711/0974-360X.2023.00716 

Suputra, I. P. G. J. (2024). The Potential of Tulsi Ethanol 
(Ocimum tenuiflorum) Extract as a Natural 
Larvicide on Aedes aegypi Larvae. African Journal 
of Biological Sciences, 6(13), 886–892,. 
https://doi.org/10.48047/AFJBS.6.13.2024. 

WHO. (2022). SDGs Sustainable Development Goals. 
Retrieved from http://apps.who.int/bookorders 

Widiastuti, D., & Pramestuti, N. (2018). Uji Antimikroba 
Ekstrak Jahe Merah (Zingiber Officinale) Terhadap 
Staphylococcus aureus Antimicrobial Test of Red 
Ginger Extract (Zingiber Officinale) Against 
Staphylococcus aureus. SEL Jurnal Penelitian 

Kesehatan, 5(2), 43–49. Retrieved from 
http://ejournal2.litbang.kemkes.go.id/index.php
/sel/article/view/1489 

Yamani, H. A., Pang, E. C., Mantri, N., & Deighton, M. 
A. (2016). Antimicrobial activity of Tulsi (Ocimum 
tenuiflorum) essential oil and their major 
constituents against three species of bacteria. 
Frontiers in Microbiology, 7, 681. 
https://doi.org/10.3389/fmicb.2016.00681 

 
 


