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 Abstract. Oral health encompasses the condition of the mouth, teeth, 
and related facial structures, enabling vital activities such as eating, 
breathing, and speaking. It also includes psychological and social 
factors such as self-esteem, overall well-being, and the ability to interact 
and work without experiencing pain, discomfort, or embarrassment. The 
objective of this study was to evaluate the antibacterial effects of an 
aqueous extract of Syzygium aromaticum (clove) on certain bacteria 
known to cause dental caries. Among the tested bacteria, Lactobacillus 
casei showed the greatest sensitivity to the ethanolic clove extract, with 
inhibition zones ranging from 10 to 20 mm. The aqueous extract, 
however, showed lower inhibition, ranging from 8 to 14 mm. For 
Streptococcus mutans, the aqueous extract showed higher antibacterial 
activity, with inhibition zones of 4-8 mm. The minimum inhibitory 
concentration (MIC) of both aqueous and ethanolic extracts against 
Lactobacillus casei was 125 mg/mL. In the case of Streptococcus 
mutans, the aqueous extract exhibited a MIC of 62.5 mg/mL, whereas 
the ethanolic extract had a MIC of 250 mg/mL. 

Regarding minimum bactericidal concentration (MBC), the aqueous and 
ethanolic extracts required concentrations of 250 mg/mL and 500 
mg/mL, respectively, to kill Lactobacillus casei. The ethanolic extract 
also had an MBC of 500 mg/mL against Streptococcus mutans. These 
results suggest that extracts from Syzygium aromaticum possess 
significant antibacterial properties, particularly when extracted with 
water, emphasising their promise as alternative antibacterial agents for 
oral health treatment. 

Keywords: Dental caries; Antibacterial; Syzygium aromaticum; Orofacial; 
Cloves. 

 

INTRODUCTION 

The condition of the mouth, teeth, and orofacial 
tissues that enables people to carry out daily 
tasks such as eating, breathing, and speaking is 
known as oral health. It also includes psychoso-
cial functions like self-worth, well-being, and the 
capacity to interact with others and work with-
out experiencing pain, discomfort, or embar-
rassment. From early childhood to old age, oral 
health changes throughout a person's life, con-
tributes to overall health, and helps people reach 
their full potential and participate in society [1]. 
Dental caries, periodontal disease (gum disease), 

tooth loss, oral cancer, oro-dental trauma, and 
congenital deformities, including cleft lip and 
palate, are all considered oral disorders. 

An estimated 3.5 billion individuals worldwide 
suffer from oral disorders, making them one of 
the most prevalent noncommunicable diseases. 
The overall burden of oral health disorders on 
services will continue to expand as a result of 
population expansion and ageing, even if the 
prevalence of these conditions is rising globally, 
especially in low- and middle-income nations [1]. 
The poorest groups are disproportionately af-
fected by oral illnesses. Regardless of the nation's 
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income level, the burden of oral disease is higher 
among those with lower socioeconomic position, 
and this link persists throughout life, from child-
hood to old age [2]. 

Maintaining a healthy oral cavity is crucial to 
promoting overall well-being, as it serves as the 
body's primary entry point. Oral health impacts 
overall health, not just the ability to speak, eat, 
and socialise. Researchers have linked poor oral 
health to various chronic diseases, including 
heart disease, diabetes, and respiratory infec-
tions. The extensive effects of the oral cavity stem 
particularly from the size and diversity of the 
oral microbiome, with outsized effects on other 
parts of the body, such as the gut and respiratory 
system [2]. 

Dental caries is an infection caused by two sets of 
bacteria found in the mouth: Streptococcus mu-
tans and Lactobacilli spp. predominantly colonise 
dental plaque. Dental caries causes inflammation 
of the dental pulp, periodontium, and gums. Den-
tal caries, if left untreated, gradually leads to 
tooth loss, resulting in difficulty with mastication 
and aesthetic concerns [3]. Dental caries remains 
one of the most prevalent diseases of humankind, 
occurring quite often in epidemic numbers in de-
veloping countries, especially among people with 
low incomes. 

Natural products such as chewing sticks and 
plant extracts have been used in oral hygiene and 
the treatment of dental caries due to their anti-
bacterial activity and positive effects on the oral 
microbiota. Syzygium aromaticum, in the family 
Myrtaceae, has been used by humans therapeuti-
cally for over 2,020 years, chewed to ease tooth-
ache and widely used as an oral disinfectant, a 
root canal temporary filling, and an oral anaes-
thetic. It is a bioactive natural product with a 
broad array of antimicrobial activities against 
Gram-positive, Gram-negative, and acid-fast bac-
teria and fungi [4].  

The increasing scourge of antibiotic resistance 
among oral pathogens has highlighted the need 
for new, nature-based antimicrobial compounds. 
Because of their complex composition and di-
verse modes of action, natural products such as 
clove extracts offer a viable alternative, reducing 
the risk of resistance development. Furthermore, 
the World Health Organisation (WHO) has 
acknowledged the value of conventional medi-
cine and has promoted research to examine its 
benefits and uses [1]. 

The global prevalence of oral diseases such as 
dental caries, gingivitis, and periodontal disease, 
and the role of the oral microbiome in causing 
these conditions, underscores the need for effec-
tive and accessible oral hygiene methods. The 
socioeconomic situation in Nigeria makes ortho-
dox dental care products unaffordable for many, 
which explains the persistence of chewing sticks 
in dental care and the need to investigate their 
health benefits. 

This study aims to address the knowledge gap by 
evaluating the antimicrobial activity of different 
chewing sticks against microorganisms isolated 
from the oral cavity. This research will identify 
the type of chewing stick that is most effective at 
inhibiting or eradicating harmful oral bacteria. 
Understanding the properties and antimicrobial 
activity of chewing sticks will provide a scientific 
basis for their importance in managing oral 
health, especially in the resource-constrained en-
vironment we currently experience. 

 
METHODS 

Study Area. Gwagwalada, one of the five Local 
Government Area Councils in Nigeria's Federal 
Capital Territory (FCT), served as the study area. 
It lies between latitudes 8°25′N and 7°45′E and 
covers approximately 1,069.589 km². The area 
experiences a semi-seasonal equatorial climate 
with distinct dry and rainy seasons [5]. With day-
time highs of 28 to 30 degrees Celsius and 
nighttime lows of 22 to 23 degrees Celsius, the 
rainy season normally begins in April and lasts 
until October. On the other hand, afternoon lows 
of 12°C are possible during the dry season. An-
nual rainfall averages 1,400 mm, with the rainy 
season from March to November [6]. 

Preparation and Sterilisation of Media. Nutrient 
agar and Mueller-Hinton agar were prepared fol-
lowing the manufacturers' protocols. All glass-
ware used for media preparation and culture 
work was sterilised at 160 °C for 2 hours in a hot-
air oven, as per standard microbiological practic-
es [7]. 

Isolation and Subculturing of Streptococcus mu-
tans and Lactobacillus casei. Samples for bacterial 
isolation were obtained by swabbing the gingival 
surface with sterile cotton swabs. These swabs 
were then streaked onto nutrient agar plates and 
incubated at 37°C for 24 hours [8]. In a separate 
method, 0.2 g of fermented ogi was mixed with 
10 ml of distilled water and diluted in six test 
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tubes, each containing 9 ml of distilled water. The 
researcher evenly plated 0.2 mL from the 10⁻⁶ 
dilution onto nutrient agar. After incubation, col-
onies that appeared similar to S. mutans were 
isolated and subcultured for further analysis [9]. 

Processing of Syzygium aromaticum (Clove). Clove 
samples (Syzygium aromaticum) were sourced 
from Gwagwalada market and dried at room 
temperature for 2 days. The researchers pulver-
ised the dried material using a sterilised grinder 
and stored it in airtight containers to maintain its 
stability [10]. 

Extraction of Bioactive Compounds. The research-
ers divided 50 g of clove powder into two equal 
parts for aqueous and ethanol extraction. They 
mixed the aqueous portion with 250 mL of sterile 
distilled water and the ethanol portion with 250 
mL of ethanol. Both mixtures were allowed to 
extract for 2–3 days at room temperature, with 
occasional stirring [11]. 

Determination of Antimicrobial Activity. The re-
searchers prepared serial dilutions of both ex-
tracts using the doubling dilution technique to 
obtain concentrations of 500, 250, 125, and 62.5 
mg/mL. They prepared separate aqueous and 
ethanol extracts. They suspended colonies of S. 
mutans and L. casei in 1 mL of distilled water. 
They then used the agar well diffusion method by 
punching wells into Mueller-Hinton and nutrient 
agar plates and adding different concentrations 
of the extracts into the wells. The plates were 
then incubated at 37 °C for 24 hours, after which 
antimicrobial activity was assessed by measuring 
the zones of inhibition [12, 13]. 

Minimum Inhibitory Concentration (MIC) Deter-
mination. The researchers added 2 mL of nutri-
ent broth to 16 test tubes, with 8 tubes for each 
extract type, to confirm the MIC. They used the 
doubling dilution technique to test each concen-
tration against the bacterial suspensions. They 
introduced a measured amount of the standard-
ised inoculum and incubated the tubes at 37 °C 
for 24 hours. They determined the MIC as the 
lowest extract concentration that prevented visi-
ble bacterial growth [14]. 

Minimum Bactericidal Concentration (MBC) De-
termination. The contents from the MIC test 
tubes that showed no visible bacterial growth 
were transferred onto nutrient agar plates using 
the spread plate technique. After removing any 
excess liquid, the plates were incubated for 24 
hours. The MBC was determined as the lowest 

concentration at which no bacterial colonies ap-
peared, demonstrating bactericidal effect [12]. 
 
RESULTS AND DISCUSSION 

 

Table 1 – Zone Diameter of Inhibition (ZDI) in 
millimetres of Aqueous and Ethanolic Syzygium 
aromaticum Extracts against Lactobacillus casei and 
Streptococcus mutans 

Extracts 
Concentration in mg/mL 

62.5 125 250 500 
Lactobacillus casei 

Aqueous 8 14 10 8 
Ethanolic No zone 10 14 20 

Streptococcus mutans 
Aqueous 4 6 6 8 
Ethanolic No zone 4 4 6 

 

Table 2 – Minimum Inhibitory Concentration of 
Aqueous and Ethanolic Extracts of Syzygium 
aromaticum against Lactobacillus casei and 
Streptococcus mutans 

Extracts 
Concentration in mg/mL 

62.5 125 250 500 
Lactobacillus casei 

Aqueous + MIC - - 
Ethanolic + MIC - - 

Streptococcus mutans 
Aqueous MIC - - - 
Ethanolic + + MIC - 

Notes: + =Present, - =Absent. 

 

Table 3 – Minimum Bactericidal Concentration of 
Aqueous and Ethanolic Extracts of Syzygium 
aromaticum against Lactobacillus casei and 
Streptococcus mutans 

Extracts 
Concentration in mg/mL 

62.5 125 250 500 
Lactobacillus casei 

Aqueous + + MBC - 
Ethanolic + + + MBC 

Streptococcus mutans 
Aqueous + + + + 
Ethanolic + + + MBC 

Notes: + =Present, - =Absent. 

 

The state of the mouth, teeth, and surrounding 
face structures that enable a person to perform 
essential functions like speaking, breathing, and 
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eating is referred to as oral health. Self-esteem, 
general well-being, and the ability to socialise 
and work effectively without pain, discomfort, or 
shame are among its psychological and social 
components. The purpose of the study was to 
evaluate the antibacterial activity of Syzygium 
aromaticum aqueous extract against certain 
pathogenic microorganisms that cause dental 
caries.  

Lactobacillus casei showed the highest suscepti-
bility to the ethanolic extract of Clove buds, with 
a zone of inhibition ranging from 10 to 20 mm. In 
comparison, the aqueous extract showed the 
lowest susceptibility, with a zone of inhibition 
ranging from 8 to 14 mm. Streptococcus mutans 
showed the highest susceptibility to the aqueous 
extract of Clove buds, with a zone of inhibition 
ranging from 4 to 8 mm. In comparison, the eth-
anolic extract showed the lowest susceptibility, 
with a zone of inhibition ranging from 4 to 6 mm. 
The results showed that both extracts demon-
strated significant antibacterial activity, with the 
aqueous extracts exhibiting larger inhibition 
zones than the ethanolic extracts; this suggests 
that water is a more effective solvent for extract-
ing bioactive compounds, likely due to its ability 
to solubilise a broader range of them. These find-
ings agree with those of authors [15, 16], who 
reported similarly high antibacterial activity of 
Syzygium aromaticum buds against S. mutans, E. 
coli, P. aeruginosa, S. pneumonia, S. aureus, and S. 
epidermidis.  

Aqueous and ethanolic extracts of Syzygium aro-
maticum buds had MICs of 125 mg/mL against 
Lactobacillus casei. In contrast, the aqueous and 
ethanolic extracts showed MICs of 62.5 and 250 
mg/mL, respectively, against Streptococcus mu-
tans. The aqueous and ethanolic extracts of 
Syzygium aromaticum buds had MBCs of 250 
mg/mL and 500 mg/mL, respectively, against 
Lactobacillus casei. In contrast, the ethanolic ex-

tract of Syzygium aromaticum buds had an MBC 
of 500 mg/ml against Streptococcus mutans. This 
result corroborates those of authors [15, 17], 
who reported similar inhibitory and bactericidal 
concentrations for Syzygium aromaticum buds, 
highlighting the efficacy of clove extracts due to 
their high eugenol content, a compound known 
for its potent antibacterial properties. The rela-
tively higher MBC values for aqueous extracts 
indicate that the active components may be less 
concentrated or less effective when water is used 
as the extraction solvent. 

Overall, the findings suggest that S. aromaticum 
extracts exhibit strong antibacterial activity, par-
ticularly when water is used as the extraction 
medium. The observed activity supports the tra-
ditional use of clove in oral care. It highlights its 
potential as an alternative antibacterial agent, 
especially against dental pathogens such as L. ca-
sei and S. mutans. However, the disparity in MIC 
and MBC values suggests that further refinement 
of extraction and purification techniques could 
enhance the potency of these extracts. 

 

CONCLUSIONS 

This study demonstrates that Syzygium aromati-
cum extracts, particularly aqueous ones, exhibit 
significant antibacterial activity against Lactoba-
cillus casei and Streptococcus mutans. The find-
ings support clove's potential as a natural antimi-
crobial agent for managing dental caries, with 
eugenol likely playing a key role in its efficacy. 

Acknowledgements  

Sincere thanks to the supervisors and co-authors 
for their valuable time, guidance, and support in 
ensuring the success of this work. 

Conflict of interests  

The authors declared no conflicting interests.   

 
REFERENCES 

1. WHO. (2017). Oral Health. Retrieved from https://www.who.int/health-topics/oral-
health#tab=tab_1 

2. Umar, A. B., Dankaka, A. H., & Shah, M. M. (2020). Antimicrobial activities and phytochemical 
screening of some commonly used chewing sticks in Kano, Nigeria. Horticultural Biotechnology 
Research, 1-4. 

3. Yadav, K., & Prakash, S. (2017). Dental Caries: a Microbiological approach. Journal of Clinical Infectious 
Diseases & Practice, 02(01). doi: 10.4172/2476-213x.1000118 

https://www.who.int/health-topics/oral-health#tab=tab_1
https://www.who.int/health-topics/oral-health#tab=tab_1
https://www.researchgate.net/publication/345738007_Anti-microbial_activities_and_phytochemical_screening_of_some_commonly_used_chewing_sticks_in_Kano_Nigeria
https://www.researchgate.net/publication/345738007_Anti-microbial_activities_and_phytochemical_screening_of_some_commonly_used_chewing_sticks_in_Kano_Nigeria
https://doi.org/10.4172/2476-213x.1000118


Path of Science. 2026. Vol. 11. No 2  ISSN 2413-9009 

Section “Biology and Environmental Sciences”   4035 

4. Cortés-Rojas, D. F., De Souza, C. R. F., & Oliveira, W. P. (2014). Clove (Syzygium aromaticum): a 
precious spice. Asian Pacific Journal of Tropical Biomedicine, 4(2), 90–96. doi: 10.1016/s2221-
1691(14)60215-x 

5. Malann, Y. D., & Soso, A. H. (2022). The Prevalence of Parasitic Infestation in Commonly Sold 
Vegetables at Gwagwalada Market, FCT, Abuja. International Journal of Basic and Applied Science, 
1(2), 163-165. 

6. Aondoakaa, S. (2012). Effects of climate change on agricultural productivity in the Federal Capital 
Territory (FCT), Abuja, Nigeria. Ethiopian Journal of Environmental Studies and Management, 5(4). 
doi: 10.4314/ejesm.v5i4.s16 

7. Cheesbrough, M. (2006). District Laboratory Practice in Tropical Countries (Vol. 2., 2nd ed.). 
Cambridge University Press. 

8. Brooks, G. F., Carroll, K. C., Butel, J. S., Morse, S. A., & Mietzner, T. A. (2010). Jawetz, Melnick, and 
Adelberg's Medical Microbiology (26th ed.). McGraw-Hill. 

9. Prescott, L. M., Harley, J. P. & Klein, D. A. (2002). Microbiology: Food and Industrial Microbiology 
(5th ed.). McGraw-Hill. 

10. Heinrich, M., Modarai, M., & Kortenkamp, A. (2008). Herbal Extracts used for Upper Respiratory 
Tract Infections: Are there Clinically Relevant Interactions with the Cytochrome P450 Enzyme 
System? Planta Medica, 74(6), 657–660. doi: 10.1055/s-2008-1034292 

11. Gupta, C., & Prakash, D. (2021). Comparative study of the antimicrobial activity of clove oil and clove 
extract on oral pathogens. Dentistry - Open Journal, 7(1), 12–15. doi: 10.17140/doj-7-144 

12. CLSI. (2015). Performance Standards for Antimicrobial Susceptibility Testing; Twenty-Fifth 
Informational Supplement. Retrieved from https://www.researchgate.net/profile/Alaa-Al-
Charrakh/post/Any_fact_sheets_papers_WHO_documents_showing_what_target_antibiotics_are_u
sed_against_Acinitobacter_baumanii/attachment/59d63ed079197b807799b5f2/AS%3A425488
695992321%401478455818957/download/CLSI_2015.pdf 

13. Elgamily, H., Safy, R., & Makharita, R. (2019). Influence of medicinal plant extracts on the growth of 
oral pathogens Streptococcus mutans and Lactobacillus acidophilus: an In-Vitro study. Open 
Access Macedonian Journal of Medical Sciences, 7(14), 2328–2334. doi: 10.3889/oamjms.2019.653 

14. Andrews, J. M. (2001). Determination of minimum inhibitory concentrations. Journal of 
Antimicrobial Chemotherapy, 48(1), 5–16. doi: 10.1093/jac/48.suppl_1.5 

15. Hiwandika, N., Sudrajat, S. E., & Rahayu, I. (2021). Antibacterial and antifungal activity of clove 
extract (Syzygium aromaticum): review. Eureka Herba Indonesia, 2(2), 93–103. 
doi: 10.37275/ehi.v2i2.18 

16. Maggini, V., Semenzato, G., Gallo, E., Nunziata, A., Fani, R., & Firenzuoli, F. (2024). Antimicrobial 
Activity of Syzygium aromaticum Essential Oil in Human Health Treatment. Molecules, 29(5), 999. 
doi: 10.3390/molecules29050999 

17. Okmen, G., Mammadhkanli, M., Vurkun, M., Okmen, G., Yadav, K., Prakash, S., Yadav, K., Prakash, S., 
Karkosh, A., Chaieb, K., Hajlaoui, H., Zmantar, T., Kahla-Nakbi, A., Rouabhia, M., Mahdouani, K., 
Bakhrouf, A., Corts-Rojas, D., Souza, D., & Bs, J. (2018). The Antibacterial Activities of Syzygium 
Aromaticum (L.) Merr. & Perry Against Oral Bacteria And Its Antioxidant And Antimutagenic 
Activities. International Journal of Pharmaceutical Sciences and Research, 9(11). 
doi: 10.13040/ijpsr.0975-8232.9(11).4634-41 

 

 

https://doi.org/10.1016/s2221-1691(14)60215-x
https://doi.org/10.1016/s2221-1691(14)60215-x
http://www.crdeepjournal.org/wp-content/uploads/2012/10/Vol-_1_-2-14-IJBAS.pdf
http://www.crdeepjournal.org/wp-content/uploads/2012/10/Vol-_1_-2-14-IJBAS.pdf
https://doi.org/10.4314/ejesm.v5i4.s16
https://www.medbox.org/preview/5255d6e1-05d4-41a9-beb2-02b60e695ecc/doc.pdf
https://doi.org/10.1055/s-2008-1034292
https://doi.org/10.17140/doj-7-144
https://www.researchgate.net/profile/Alaa-Al-Charrakh/post/Any_fact_sheets_papers_WHO_documents_showing_what_target_antibiotics_are_used_against_Acinitobacter_baumanii/attachment/59d63ed079197b807799b5f2/AS%3A425488695992321%401478455818957/download/CLSI_2015.pdf
https://www.researchgate.net/profile/Alaa-Al-Charrakh/post/Any_fact_sheets_papers_WHO_documents_showing_what_target_antibiotics_are_used_against_Acinitobacter_baumanii/attachment/59d63ed079197b807799b5f2/AS%3A425488695992321%401478455818957/download/CLSI_2015.pdf
https://www.researchgate.net/profile/Alaa-Al-Charrakh/post/Any_fact_sheets_papers_WHO_documents_showing_what_target_antibiotics_are_used_against_Acinitobacter_baumanii/attachment/59d63ed079197b807799b5f2/AS%3A425488695992321%401478455818957/download/CLSI_2015.pdf
https://www.researchgate.net/profile/Alaa-Al-Charrakh/post/Any_fact_sheets_papers_WHO_documents_showing_what_target_antibiotics_are_used_against_Acinitobacter_baumanii/attachment/59d63ed079197b807799b5f2/AS%3A425488695992321%401478455818957/download/CLSI_2015.pdf
https://doi.org/10.3889/oamjms.2019.653
https://doi.org/10.1093/jac/48.suppl_1.5
https://doi.org/10.37275/ehi.v2i2.18
https://doi.org/10.3390/molecules29050999
https://doi.org/10.13040/ijpsr.0975-8232.9(11).4634-41

