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Evaluation of the Antibacterial Activity of Clove Extract (Syzygium Aromaticum) On Clinical Isolates of Escherichia Coli


ABSTRACT

[bookmark: _Hlk202995838]Antibiotic resistance to conventional antibiotics has remained a significant therapeutic challenge in clinical settings. To this end, alternative therapeutic approaches are being sought after. One such approach is the use of antimicrobial inhibitors from natural sources like medicinal plants. This study aimed to explore the antibacterial potential of aqueous and ethanolic extracts of Clove (Syzygium aromaticum) against Escherichia coli, a common pathogen associated with gastrointestinal infections from clinical sources in Port Harcourt, Nigeria. The plant samples of S. aromaticum were obtained from Elekahia market, Port Harcourt, Rivers State, Nigeria. The plant samples were processed according to standard methods. The antibacterial activity of S. aromaticum extracts against E. coli was determined in vitro in aqueous and ethanolic extracts at four different extract concentrations: 200mg/ml, 100mg/ml, 50mg/ml, 25mg/ml and 12.5mg/ml.Analysis of phytoconstituents revealed the presence of Flavonoid, Saponins, Alkaloids and Eugenol. The aqueous and ethanolic extracts revealed a significant degree of antibacterial activity against E. coli isolates at concentrations of 200mg/ml, with zones of inhibition of 26mm and 29mm, respectively. The antibacterial activity of the aqueous extract of S. aromaticum was evaluated at various concentrations. The result of the aqueous extract showed that. E coli had a zone of inhibition of 26 mm at 200 mg/ml, 19mm at 100mg/ml, and 18mm at 50mg/ml concentration. Likewise, the ethanolic extract had an inhibition zone of 29mm at 200mg/ml, 22mm at 100mg/ml and 19mm at 50mg/ml. Antibiotic susceptibility testing revealed that E. coli was susceptible to Ciprofloxacin. Notably, the antibacterial activity of S. aromaticum extract was comparable to that of Ciprofloxacin because the zone of inhibition was at par with those observed with the ethanolic extract. This study suggests that S. aromaticum extract may be a promising natural antibacterial agent for combating Escherichia coli infections at high concentrations. Based on the results, further research is recommended using even higher concentrations of the extract and various extract media such as methanol, chloroform, and acetone to observe and compare their inhibitory effects on Escherichia coli
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 INTRODUCTION
“Theodore Escherich, a German doctor, found E. coli for the first time while studying the gut flora of newborns. Bacterium coli commune (Escherich 1885) was named after him in 1885, and its virulence in extraintestinal illnesses was established by him (1894 Escherich). Escherichia coli is a member of the Enterobacteriaceae family and is a gram-negative, facultatively anaerobic rod (with both a fermentative and respiratory metabolism) that lacks oxidase production. A single rod cell of Escherichia coli is generally 1.1–1.5 m broad by 2–6 m long” (Jaybhaye & Deb, 2021; Bankar et al., 2021). The growing issue of antibiotic resistance among bacterial pathogens, notably Escherichia coli, poses a major public health concern globally. This bacterium's remarkable ability to resist multiple antibiotics makes it a formidable challenge in clinical settings (Ishii & Sadowsky, 2008). In the face of the growing crisis of antibiotic resistance, it is crucial to explore alternative therapeutic avenues. One such avenue involves the investigation of natural compounds and plant extracts with potential antibacterial properties (Sotelo et al., 2015). “Clove (S. aromaticum) is an interesting plant in this context. Syzygium aromaticum (L.) Merr. and L.M. Perry, commonly referred to as clove, is a tree belonging to the Myrtaceae family and is a medicinal plant promising for its antimicrobial use” (Maggini et al., 2024). “S. aromaticum, commonly known as Clove, is both a tropical and subtropical flowering plant widely distributed in Asia, Africa, Madagascar, and the Pacific and Oceanic regions” (Kiple & Ornelas, 2000).  S. aromaticum contains phenylpropene eugenol, which gives it its strong characteristic aroma. This component also demonstrates broad antimicrobial activity against Gram-positive, Gram-negative, and Acid-fast bacteria, as well as antifungal properties (Verma et al., 2024). Flavonoids in S. aromaticum contribute to various cellular defence mechanisms, acting against different inflammatory mediators and free radical species (Oulkheir et al., 2017). This study aims to investigate the effectiveness of the extract of the medicinal plant S. aromaticum against Escherichia coliin vitro.  
MATERIALS AND METHODS
Plant Sample Collection and Identification 
“The plant samples of S. aromaticum were obtained from Elekahia market, Port Harcourt, Rivers State, Nigeria. It was then identified and confirmed by a botanist from the Department of Plant Science and Biotechnology at Rivers State University. The dried S. aromaticum was washed with distilled water to remove all dust and contamination from its surface. They were properly dried and pulverised into fine powder using a mortar and pestle, and then sieved and packaged in an air-tight container and labelled” (Mainasara et al., 2017). 
Preparation of Aqueous and Ethanolic Extraction of Plant Material
The plant samples were processed according to standard methods as described by Fatope (2001) & Sanusi et al. 2019.   Twenty-five grams (25g) of the fine powdered S. aromaticum was dissolved in two hundred and fifty millilitres (250ml) of sterile distilled water to give a dilution ratio of 1:10 (1g/10ml). Another 25g of the powder was dissolved in 250ml of 95% ethanol to achieve the same dilution ratio of 1:10, and then kept for 3 days with constant shaking at regular intervals (Fatope, 2001). “The solutions were filtered using Whatman (No. 1) filter paper. The aqueous and ethanolic extracts of S. aromaticum were then obtained following filtration and evaporation to dryness using a water bath and stored at 4°C in a freezer for further analysis” (Sanusi et al., 2019). 
Phytochemical Screening of the Extracts 
The aqueous and the ethanolic extract were investigated for the presence of the following bioactive phytochemical constituents: Flavonoids, Alkaloids, Saponins and Eugenol as described by Cappuccino & Sherman, 2014. 
Test for Flavonoids
Dilute ammonia and concentrated H2SO4 were added to the extract, and a yellow colouration indicated the presence.
Test for Alkaloids
The aqueous extract was boiled with 0.1% ferric chloride, and a brownish-greenish blue colouration indicated the presence.
Test for Saponins
The filtrate was mixed with distilled water, shaken vigorously, and olive oil was added. A stable, persistent foam indicated their presence.
Test for Eugenol
Eugenol was detected using Spectrophotometry, which measures the absorbance of light by the compound. A characteristic peak indicated the presence of Eugenol. 
Collection of Test Organisms
The test organism E. coli was collected from Rivers State University Teaching Hospital’s Microbiology Laboratory. “After collection, they were then reconfirmed by culturing on McConkey Agar plates and incubated at 37℃ for 24 h. Thereafter, the colonies were studied macroscopically for their colonial characters and microscopically using Gram’s stain, followed by biochemical reaction for further identification and confirmation” (Cheesbrough, 2005).
[bookmark: _Hlk207031007] Standardisation of Inoculum 
“Using a sterile inoculating wire loop, colonies from the overnight culture of the test organism were transferred into a tube containing about 2ml normal saline (0.9%), and the volume was adjusted to achieve a turbidity which equalled that of 0.5 McFarland's standard” (Sanusi et al., 2022). 
Preparation of Extract Working Concentrations 
One gram of the crude extract was dissolved in 10ml of 2% Dimethyl Sulfoxide (DMSO) in a test tube to get 100mg/mL, which was the highest stock concentration used. This was then followed by serial dilution with distilled water to give the desired concentrations (200mg/ml, 100mg/ml, 50mg/ml, 25mg/ml, and 12.5 mg/ml. Likewise, the aqueous dilution was also prepared using the same technique. 
Determination of Antibacterial Activity of Aqueous and Ethanolic Extracts
The agar well diffusion technique previously demonstrated by Sanusi et al. (2022) was adopted to test for the antibacterial activity of the S. aromaticum extracts. The adjusted bacterial suspensions were inoculated using a sterile swab onto the prepared and solidified Mueller-Hinton agar and allowed to stand for 15 minutes. Thereafter, six wells of 4 mm each were bored using a sterile cork borer. 0.2ml of the ethanol extract of varying concentrations (200mg/ml, 100mg/ml, 50mg/ml, 25mg/ml, and 12.5 mg/ml) was added to the five wells. Ciprofloxacin was added to the other well as a control. The prepared petri-dishes were incubated at 37°C overnight. The efficacy of the crude extracts was assessed by measuring the diameters of inhibition zones in millimetres. The same procedure was followed for the aqueous concentrations. 
[bookmark: _Hlk207031224]Determination of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC)
To determine the minimum inhibitory concentrations (MIC) of the S. aromaticum extract, the National Committee for Clinical Laboratory Standards procedure as described by Lar et al. (2001) was followed. Briefly, seven tubes each containing 5 mL of Muller-Hinton broth (labelled 1-7) were used for the MIC determination of the ethanolic extract. 1 ml of each of the crude extract concentrations (200mg/ml, 100mg/ml, 50mg/ml, 25mg/ml, and 12.5mg/ml) was introduced into the seven tubes (1-7), and was then mixed thoroughly. To six test tubes, 0.1ml of broth cultures of the test organism was added, with the sixth serving as a positive control (broth and culture), while the seventh served as a negative control (broth only). Thereafter, all the inoculated tubes were incubated overnight at 37°C, after which they were observed for bacterial growth. The MIC of the test crude extract was defined as the lowest concentration of the extract that inhibited the growth of the test organism. The same procedure was carried out for the aqueous extract concentrations.
Determination of Antibacterial Activity of Ciprofloxacin on E. coli 
To determine the antibacterial activity of Ciprofloxacin on E. coli. The agar plate was inoculated with a suspension of E. coli. Using a sterile cork borer or a well puncher, 3 wells were created on the agar plate. Ciprofloxacin was added to the wells. The agar plate was incubated at 37°C for 24 hours. After incubation, the agar plate was examined for zones of inhibition around each well. The diameter of these zones was measured using a ruler. The zone of inhibition diameters were compared to established breakpoints to determine the susceptibility of E. coli to Ciprofloxacin.
  		    			
RESULTS

Phytochemical Analysis 
The results of phytochemical analysis of both the aqueous and ethanolic extract of S. aromaticum showed the presence of Flavonoid (4.80%), Saponins (0.64%), Alkaloids (0.74%) and Eugenol (6.80%) as shown in Table 1.

Table 1: Percentage Composition of Bioactive Compounds Present in Aqueous and Ethanolic Extracts of S. aromaticum.

	Constituents                                        Percentage (%)

	Flavonoids                                                  4.80
Saponins                                                     0.64
Alkaloids                                                    0.74
Eugenol                                                       6.80




Antibacterial Activity of Aqueous & Ethanolic Extract of S. aromaticum on E. coli

The antibacterial activity of the aqueous extract of S. aromaticum was evaluated at various concentrations. The result of the aqueous extract showed that. E coli had a zone of inhibition of 26 mm at 200 mg/ml, 19mm at 100mg/ml, and 18mm at 50mg/ml concentration. Likewise, the ethanolic extract had an inhibition zone of 29mm at 200mg/ml, 22mm at 100mg/ml and 19mm at 50mg/ml. No antibacterial activity was observed at 25mg/mL and 12.5mg/mL for the extracts on the tested bacteria. Ciprofloxacin was used as the control antibiotic, inhibiting E. coli with a zone diameter of 27mm. (Tables 2 &3).

Table 2: Diameter of Zone of Inhibition of Aqueous Extract of S. aromaticum against E. coli
	Aqueous Extract Concentration
	Diameter of Zone of Inhibition (mm)

	12.5 mg/ml
	-

	25 mg/ml
	-

	 50 mg/ml
	18

	 100 mg/ml
	19

	 200 mg/ml
	26

	Ciprofloxacin (control)
	27





Table 3: Diameter of Zone of Inhibition of Ethanolic Extract of S. aromaticum against E. coli

	Ethanolic Extract Concentration
	Diameter (mm)

	12.5mg/ml
	-

	25mg/ml
50mg/ml
100mg/ml
200mg/ml
Ciprofloxacin (control)
	-
19
22
29
27



Statistical Difference between Inhibitory Activities of Aqueous and Ethanolic Extracts of S. aromaticum against E. coli
The statistical comparison of the antibacterial activity of aqueous and ethanolic extracts of S. aromaticum against E. coli is presented in Table 4.  An independent T-test analysis revealed no significant difference in the diameter of the zone of inhibition between the ethanolic and aqueous extracts of S. aromaticum.
Table 4: Statistical Difference between Inhibitory Activities of Aqueous and Ethanolic Extracts of S. aromaticum against E. coli
	
	Diameter (mm)

	Aqueous Extract of Clove
	12.60±11.91

	Ethanolic Extract of Clove
	14.00±5.94

	p-value
	0.681

	t-value
	0.182

	Inference
	Non-significant



Determination of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of Aqueous and Ethanolic Extracts
Minimum Inhibitory Concentration (MIC) for the aqueous and ethanolic extract was at a concentration of 200mg/ml, and the Minimum Bactericidal Concentration (MBC) for aqueous and ethanolic extract was also at a concentration of 200 mg/ml. 
Antibacterial Activity of Ciprofloxacin on E. coli 
E. coli was susceptible to Ciprofloxacin, having an inhibition diameter of 27mm, 28.5mm and 28mm, respectively (Table 5).

Table 5: Antibacterial Activity of Ciprofloxacin.
	Wells                                                  Inhibition Diameter (mm)

	1                                                                 27
2                                                                 28.5
3                                                                  28




DISCUSSION

This study revealed the presence of the bioactive compounds Alkaloids, Saponins, Eugenol and Flavonoids from extracts of S. aromaticum. This is in agreement with previous studies by Cappuccino et al. 2014 where these bioactive substances were reported from S. aromaticum extracts. Research has shown that these active ingredients are responsible for the antimicrobial activities of S. aromaticum.  Results indicated that the ethanolic extract of S. aromaticum exhibited superior antibacterial activity against E. coli compared to the aqueous extract. The antibacterial activity of the aqueous extract of S. aromaticum showed that E. coli was inhibited at a concentration of 200mg/ml with an inhibition diameter of 26 mm and inhibition diameters of 22mm and 29mm at concentrations of 100mg/ml and 200mg/ml, respectively, for the ethanolic extract. These results agree with those of Amit & Parul 2011 where the ethanolic extracts of clove showed good inhibitory activity at higher concentrations. This disparity underscores ethanol's superior solvent properties, which extract both hydrophilic and hydrophobic bioactive compounds, including flavonoids and phenolics. Additionally, Ciprofloxacin, used as a control, exhibited a similar inhibition zone of 27 mm. These findings demonstrate the significant antibacterial potential of S. aromaticum extracts on E. coli. Other studies by Sharma et al. 2022 and Maggini et al. 2024 observed similar antibacterial efficacy of ethanolic S. aromaticum extracts, attributing the activity to its high Eugenol content. Also, studies by Bikheet et al. 2025 highlighted that aqueous extracts showed slightly lower inhibition zones than ethanolic extracts, which aligns with this study's findings. Variations in extraction methods as well as solvent compositions could be the reason for potential differences observed in antibacterial activities. Study by Ajobiewe et al, 2022. also reported that the efficacy of the aqueous and ethanolic extracts is concentration dependent, with higher concentrations exhibiting higher inhibitory activities. In contrast to this study, they concluded from their findings that S. aromaticum had a low antibacterial activity against E. coli. The antibiotic Ciprofloxacin showed significant antibacterial activity against E. coli, which is almost at par with the activity of the ethanolic extract at a concentration of 200mg/ml. This finding concurs with findings of Amit & Parul, 2011, where the ethanolic extract also showed good inhibitory activity, which was also at par with the selected antibiotic, in which case was Tetracycline. The independent T-test analysis revealed no significant difference in the diameter of the inhibition zone between the aqueous and ethanolic extracts of cloves (P = 0.640). The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values of the extracts demonstrated antibacterial activity. Notably, the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of both aqueous and ethanolic extracts of cloves were found to be 200mg/ml, respectively.  This proved to be the most effective concentration. Results from this study can be comparable to studies by Khan et al. 2021 and Roy et al. 2023 who also highlighted the superior efficacy of ethanolic extracts of S. aromaticum with MIC values ranging from 62.5 mg/ml to 125 mg/ml. However, variations were noted in studies using alternative solvents, such as methanol, which yielded lower MIC values. This discrepancy could be attributed to differences in solvent polarities, impacting the extraction efficiency of active compounds​​​​. The MBC values for both aqueous and ethanolic extracts were at a concentration of 200 mg/ml, indicating that higher concentrations were necessary to achieve bactericidal effects against E. coli. Similar observations were reported by Ahmed et al. 2021, where ethanolic extracts of S. aromaticum demonstrated bactericidal activity against E. coli, at slightly lower MBC values, emphasising the importance of solvent choice in maximising antibacterial efficacy​​​​.
Conclusion 
From the findings of this study, aqueous and ethanolic extracts of S. aromaticum leaf possess antibacterial activity against E. coli. This study also found that the ethanolic extract of cloves was more effective against bacteria than the aqueous extract. Additionally, the antibacterial activity of the extract, when compared to that of the standard antibiotic Ciprofloxacin, showed no significant difference in their antibacterial actions. Further studies could be carried out using higher concentrations of the extracts and various extract mediums such as hexane, methanol, chloroform, ethyl acetate, and acetone at various concentrations to observe their inhibitory activity on E. coli.
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