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INTRODUCTION

According to data from the World Health Organiza-
tion (WHO), approximately 80% of individuals in 

low-income countries rely on medicinal plants to meet 
their primary healthcare needs. This widespread depend-
ence reflects both cultural traditions and limited access to 
conventional medicine. Simultaneously, the global health-
care landscape is undergoing significant shifts, driven by 

growing concerns over the adverse effects of pharma-
ceutical drugs, questions about their long-term efficacy 
and safety, and the escalating cost of medical treatments. 
Chronic diseases that remain unresponsive to convention-
al therapies further intensify these concerns (Mancusi et 
al., 2024). One of the most pressing challenges is the rise 
in antimicrobial resistance, which hampers the effective-
ness of standard treatments for infectious diseases such as 
pneumonia, typhoid, and tuberculosis. Antibiotic resist-
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ance stems from complex biological mechanisms, enabling 
microbes to develop resistance across entire classes of an-
tibiotics due to shared resistance pathways. This phenom-
enon threatens the successful treatment of once-manage-
able bacterial infections and poses serious risks to human 
and animal health worldwide, affecting both medical and 
veterinary practices (Zafar et al., 2024). 
 
Medicinal herbs offer significant therapeutic advantages 
and, in many cases, exhibit greater efficacy in treating var-
ious ailments than conventional antibiotics, while posing 
fewer adverse effects. Approximately 80% of individuals 
continue to rely on traditional therapies, utilizing botani-
cals such as cloves, ginger, garlic, turmeric, and other herbs 
for their health-promoting properties (Muhammad et al., 
2024). Among these, clove (Syzygium aromaticum), a fra-
grant flower bud cultivated primarily in tropical and sub-
tropical regions, has been extensively used in both tradi-
tional medicine and the fragrance industry. Studies report 
that clove essential oil (CEO) comprises approximately 
15–20% of the plant’s total weight and contains a high 
concentration of phenolic compounds, including eugenol, 
α-humulene, and β-caryophyllene. These bioactive com-
ponents exhibit broad biological activities, including an-
tibacterial, antifungal, insecticidal, and antioxidant effects 
(Ahmad and Ibrahim, 2024; Haro-González et al., 2021).

Cloves are versatile in their applications, being utilized in 
forms such as capsules, infusions, tinctures, extracts, pow-
ders, and essential oils. Despite sometimes being underval-
ued, their rich history in traditional medicine highlights 
their pharmacological potential (Ullah et al., 2023). Ex-
perimental studies have confirmed the inhibitory effect of 
clove essential oil on Staphylococcus aureus, suggesting that 
the oil interacts with bacterial cell walls and membranes, 
leading to cellular disruption, leakage of intracellular con-
tents, and ultimately, bacterial death. The oil’s ability to 
penetrate the cytoplasmic membrane interferes with vital 
processes such as DNA replication and protein synthesis, 
thereby halting bacterial growth (Xu et al., 2016).

One of the most concerning pathogens in modern medi-
cine is Methicillin-resistant Staphylococcus aureus (MRSA), 
which has developed multiple defense mechanisms, includ-
ing biofilm formation, to evade antibiotics and the host 
immune response. MRSA is responsible for a spectrum 
of infections, ranging from superficial skin conditions to 
life-threatening diseases such as endocarditis and osteoar-
ticular infections. These infections contribute significantly 
to global morbidity and mortality. The ability of MRSA to 
produce biofilms is a key factor in its persistence and re-
sistance to antibiotic treatment (Kaushik et al., 2024). The 
present study was therefore designed to investigate the an-
tibacterial effects of clove extract against MRSA. 

MATERIALS AND METHOD

Ethical Approval
Methicillin-resistant Staphylococcus aureus (MRSA) stock 
isolates were obtained and identified from previously col-
lected clinical and subclinical cases. As no new samples 
were collected directly from human or animal subjects and 
all materials were acquired from existing sources, ethical 
approval was not required in accordance with the institu-
tional guidelines of our university.

Methanolic Extraction of Clove
Clove samples were procured from a local marketplace in 
Najaf, Iraq. The extraction process was conducted in the 
Department of Physiology and Pharmacology at the Fac-
ulty of Veterinary Medicine. A total of 50 grams of dried 
clove buds were ground using a dry blender. The ground 
material was then soaked in 500 milliliters of 75% eth-
anol and stirred continuously with a magnetic stirrer for 
24 hours at 45°C. Following extraction, the mixture was 
filtered using Whatman No. 2 filter paper to remove solid 
residues. The resulting filtrate was concentrated using a ro-
tary evaporator at 150 rpm and 50°C for 60 to 90 minutes 
to obtain a semi-solid extract. The final clove extract was 
stored at -4°C until further use (Abood et al., 2021).

Isolation and Identification of MRSA 
Methicillin-resistant Staphylococcus aureus (MRSA) isolates 
were obtained from blood samples collected at the Facul-
ty of Veterinary Medicine, University of Kufa. A total of 
nine blood samples were tested and confirmed as MRSA 
based on microbiological and biochemical criteria. Initial 
identification of MRSA colonies was based on character-
istic morphological and cultural features, including the 
presence or absence of hemolysis on blood agar and the 
inability to grow on MacConkey agar. Biochemical con-
firmation involved catalase and coagulase tests, along with 
identification using the VITEK automated system. The bi-
ochemical profile also included the assessment of mannitol 
fermentation under anaerobic conditions to support the 
identification process.

Determination of MIC and MBC 
A stock solution of methanolic clove extract was prepared 
and used to create a series of serial dilutions. Four concen-
trations were tested: 50 mg/mL, 25 mg/mL, 12.5 mg/mL, 
and 6.25 mg/mL. A total of nine bacterial isolates, previ-
ously identified as MRSA, were used in the assay. Each 
diluted extract was mixed with 1 mL of an actively grow-
ing bacterial culture containing approximately 10⁷ col-
ony-forming units per milliliter (CFU/mL). The mixing 
and preparation were conducted under sterile conditions in 
a Gusto Laminar Flow Cabinet II (Gusto, USA). Follow-
ing preparation, the mixtures were incubated at 37°C for 
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24 hours. Post-incubation, bacterial cultures were plated 
on nutrient agar for colony enumeration. Colony counts 
were performed after a further 24-hour incubation peri-
od to determine the Minimum Inhibitory Concentration 
(MIC) and Minimum Bactericidal Concentration (MBC) 
of the clove extract. Interpretations were made as follows: 
the presence of a single colony indicated “sensitivity,” more 
than ten colonies indicated “resistance,” and an interme-
diate number of colonies was classified as “intermediate 
sensitivity” (Dadazadeh and Nourafcan, 2021).

Testing Antibiotic Sensitivity 
Antibiotic susceptibility testing of MRSA isolates was 
carried out using the Kirby-Bauer disk diffusion meth-
od, as described by Bauer et al. (1966). The selection of 
antibiotic disks was based on the Clinical and Laborato-
ry Standards Institute (CLSI) guidelines (CLSI, 2018). 
Bacterial suspension turbidity was adjusted to match the 
0.5 McFarland standard, corresponding to approximately 
10⁷ colony-forming units per milliliter (CFU/mL), to en-
sure standardized inoculum density. Mueller-Hinton agar 
(HIMEDIA, India) was used as the culture medium. The 
following antibiotic disks were applied to the agar surface: 
chloramphenicol (C-30), amoxicillin (Amc-30), cefotax-
ime (CTX), ampicillin (Am), ceftriaxone (Cro), tetracy-
cline (TE), gentamicin (CN), oxacillin (Ox), and amox-
icillin (Ax-25). After placement of the antibiotic disks, 
the plates were incubated at 37°C for 18–24 hours. The 
diameter of the inhibition zones surrounding each disk 
was measured and interpreted according to the clinical and 
laboratory standards outlined by Patel (2015).

Table 1: Antibiotic profile of the studied MRSA bacteria.
Sam-
ple 
codes

Antibiotic disc with zone of inhibition (mm)
AM 
25µg

OX
5µg

C
10µg

AMV
30µg

CN
10µg

AMX
µg

CTX
30µg

CRO
30µg

TET
10µg

S1 p R R R R R R R R R
S2 R R R R R R R R R
S3 R R R R R R R R R
S4 R R R R R R R R R
S5 R R R R R R S S R
S6 R R R R R I R R R
S7 R R R R R R I S R
S8 R R R R R R R R R
S9 R R R R R R R R R

AM: ampicillin; OX: oxacillin; C: chloramphenicol; 
AMV: Amoxicillin-clavulanic acid; CN: gentamicin; 
AMX: amoxicillin; CTX: cefotaxime; CRO: ceftriaxone; 
TET: tetracycline; p: pathogen; R: resistant; S: sensitive; 
I: intermediate.

Assay of Antibacterial Activities
Following the guidelines set by the National Committee 

for Clinical Laboratory Standards (Patel, 2015), the agar 
well diffusion method was employed to evaluate the anti-
bacterial activity of both aqueous and solvent-based clove 
extracts. A standardized inoculum of 10⁶ colony-forming 
units per milliliter (CFU/mL) for each bacterial strain un-
der investigation was prepared. The bacterial suspensions 
were uniformly spread onto nutrient agar plates using a 
sterile swab dipped in the respective cultures. After inocu-
lation, 8-mm diameter wells were created in the agar me-
dium. Each well was filled with 100 μL of the prepared 
plant extract and left at room temperature for two hours 
to allow diffusion. Control wells containing an equivalent 
volume of sterile distilled water served as negative controls. 
The plates were then incubated at 37°C for 24 hours. Fol-
lowing incubation, zones of inhibition around each well 
were measured in millimeters to assess antibacterial activ-
ity. Each extract was tested in triplicate against each bac-
terial isolate to ensure reliability and reproducibility of the 
results.

RESULTS AND DISCUSSIONS

According to the World Health Organization (WHO), 
infectious diseases are a leading cause of global morbidity 
and mortality, accounting for nearly 50% of all deaths in 
tropical regions (World Health Organization, 2022). Me-
dicinal plants have long played a pivotal role in traditional 
healthcare systems worldwide, both for the prevention and 
treatment of various illnesses (Picking, 2024).

The inhibitory effect of S. aromaticum (clove) extracts on 
MRSA is demonstrated in Table 1. The results of our study 
show that the ethanolic extracts of S. aromaticum exhibited 
a significant antibacterial effect against MRSA isolates. As 
shown in Table 3, the inhibition zone diameters observed 
at a concentration of 50 mg/mL ranged from 14 mm to 43 
mm, indicating strong antibacterial activity and dose-de-
pendent efficacy.

At lower concentrations (12.5 and 6.25 mg/mL), the clove 
extract showed no inhibitory effect on the isolated MRSA 
strains. All tested MRSA isolates exhibited resistance to 
the nine antibiotics assessed, with the exception of sam-
ple 5, which demonstrated sensitivity to cefotaxime and 
ceftriaxone. Additionally, sample 7 showed sensitivity to 
ceftriaxone and intermediate sensitivity to cefotaxime, as 
detailed in Table 2. 

The findings of our study align with previous research, 
which has demonstrated that ethanolic plant extracts ex-
hibit strong antibacterial activity against S. aureus. Specif-
ically, Mostafa et al. (2018) reported that ethanol extracts 
of clove showed significant antimicrobial effects against S. 
aureus. Ethanol-based extracts of spices are known to con-
tain a wide range of bioactive compounds, including esters 
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of weak acids, fatty acids, phenolic compounds, terpenes, 
and various derivatives. These chemical constituents have 
the ability to target multiple sites within bacterial cells, 
thereby enhancing their antimicrobial efficacy, as support-
ed by the findings of Mostafa et al. (2018).

Table 2: Antimicrobial effect of different concentrations of 
clove extract on MRSA. 
Sample code Syzygium aromaticum extract concentrations

50 mg/ml 25 mg/ml 12.5mg/ml 6.25 mg/ml
S1 p S R R R
S2 S I R R
S3 S S R R
S4 S R R R
S5 I R R R
S6 S I R R
S7 S R R R
S8 S S R R
S9 S S R R

 p: pathogen; R: resistant; S: sensitive; I: intermediate.

Syzygium aromaticum (clove) demonstrated notable an-
timicrobial activity against MRSA isolates. As shown in 
Table 2, the MIC values for the tested microorganisms 
ranged from 12.5 to 25 mg/mL. S. aureus was identified as 
the most susceptible strain, with a MIC of 25 mg/mL. The 
minimum bactericidal concentration (MBC) values varied 
between 25 mg/mL and 50 mg/mL, indicating concentra-
tion-dependent bactericidal activity.

Table 3: Diameter of the inhibition zones (in mm) 
produced by clove extract against MRSA isolates at 
different concentrations. 
Sample ID Syzygium aromaticum extract concentrations

50 mg/ml 25 mg/ml 12.5mg/ml 6.25 mg/ml
S1 p 35mm 20mm R R
S2 40mm 25mm R R
S3 42mm 30mm R R
S4 43mm 25mm R R
S5 30mm R R R
S6 39mm 30mm R R
S7 41mm 14mm R R
S8 43mm 40mm R R
S9 37mm 38mm R R

R: resistant; p: pathogen.

These results are consistent with the MIC and MBC values 
reported by Chikowe et al. (2013) and Uddin et al. (2022). 
Furthermore, the methanolic extract of clove showed supe-
rior antimicrobial efficacy across all tested isolates, corrob-
orating the findings of previous studies (Silva et al., 2023). 

The effectiveness of clove extract increased with concentra-
tion, likely due to enhanced diffusion of active compounds 
through the bacterial cell membrane. This process leads to 
membrane disruption and ultimately cell lysis, as observed 
in earlier studies (Thangiah et al., 2013; Pasaribu et al., 
2021).

CONCLUSIONS AND 
RECOMMENDATIONS

Susceptibility testing plays a crucial role in evaluating the 
antibacterial potential of plant-derived substances. The 
effectiveness of antimicrobial agents, including plant ex-
tracts, is influenced by both their concentration and the 
duration of exposure. In this study, S. aromaticum (clove) 
demonstrated significant antibacterial activity against all 
tested MRSA isolates. The MIC values ranged from 12.5 
to 25 mg/mL, while the MBC values varied from 25 to 
50 mg/mL. These findings highlight the potential of clove 
extract as a natural antibacterial agent, particularly in the 
context of rising antibiotic resistance. It is advisable to per-
form additional research involving laboratory animals to 
further elucidate the toxicological effects of S. aromaticum.
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