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			Abstract | The study aimed to evaluate the antibacterial efficacy of clove extract against Proteus spp isolated from chicken meat and human urine samples. A total of 320 samples were collected including120 urine samples from patients with urinary tract infections and 200 chicken meat samples collected from local markets. PCR results confirmed the isolation of Proteus mirabilis from human samples (25%) and chicken meat samples (13%), as well as the isolation of Proteus vulgaris (6.6%) and chicken meat samples (4%). Gas chromatography-mass spectrometry (GC-MS) analysis confirmed the presence of several biologically active compounds in cloves, including eugenol, phenol, and saponins after alcoholic extraction at a rate of 22.5%. The antibacterial activity of clove extract at different concentrations (1.25, 2.5, 5, and 10 mg/ml) against isolates was evaluated in vitro, where the well diffusion test revealed an inhibitory activity against the growth of P. mirabilis where the diameters of inhibition zone increased with increasing extract dose. The diameters of inhibition zones were 14.54±0.13 mm,17.52±0.18 mm, 20.70±0.16 mm, and 24.70±0.20 mm, respectively. whereas the diameter of the inhibition zone for P. vulgaris was 14.04±0.11 mm, 16.05±0.18 mm,18.20±0.26 mm and 23.00±0.18 mm, respectively. The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) for P. mirabilis were 0.31±0.03 mg/ml and 0.60±0.11 mg/ml, respectively, while the MIC for P. vulgaris was 0.60±0.11 mg/ml and 1.22±0.22 mg/ml, respectively. Taken together, these findings suggest that the alcoholic extract of cloves possesses significant antibacterial activity and could be a potential natural alternative for managing infections, particularly those related to chicken meat and urinary tract pathogens.
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			Introduction

			Foodborne pathogens pose a significant threat to global public health, contributing to substantial illness and mortality worldwide (Tropea, 2022). Chicken meat, one of the most widely consumed animal proteins globally, accounts for approximately 36% of total meat production and is valued for its high protein and low-fat content (Abbasi et al., 2020; Avi, 2024). However, contamination of chicken meat with pathogenic microorganisms remains a critical concern, particularly under inadequate handling and processing conditions (Hashem and Abdaljaleel, 2024; Yulistian and Praseptiangga, 2019). Among these pathogens, Proteus spp especially Proteus mirabilis and Proteus vulgaris have emerged as important opportunistic and foodborne bacteria capable of causing gastrointestinal and urinary tract infections (Faiq and Ahmed, 2024 and Li et al., 2022). These gram-negative bacilli are widely distributed in the environment and can colonize both animals and humans, posing risks of cross-species transmission. Contamination often occurs through poultry droppings, feathers, and processing surfaces, which can facilitate the spread to consumers and slaughterhouse workers (Ram et al., 2019). Proteus contains virulence factors and enzymes, including biofilm formation, protease, hemolysin, and urease, where these factors increase the resistance of bacteria and thus their survival in the host tissues (Abd Sharad et al., 2020). 

			Antimicrobial resistance (AMR) in humans and animals is seen as a global concern since it has implications for human public health as well as a rise in animal morbidity and death (Beikzadeh, 2023). Multi-drug resistance (MDR) bacteria endanger human and animal health and food safety, and antibiotic resistance remains a major concern, particularly in developing countries where sanitation is poor and antibiotic use is often indiscriminate and poorly monitored (Dougnon et al., 2020). Proteus spp. is the multidrug-resistant Enterobacteriaceae that produces the most extended-spectrum beta-lactamases (ESBLs) and carbapenemases, both of which are linked to UTIs (Alattar et al., 2024). Bacteria that cause urinary tract infections (UTIs) form biofilms, which in turn inhibit the effectiveness of antibiotics through the development of resistance genes (virulence genes) (Kadhim et al., 2014). Therefore, internal medical devices (IMDs) are the most susceptible to microbial infection and biofilm-producing pathogens (Hasan et al., 2021). Due to the presence and emergence of antibiotic-resistant bacteria, scientific research, and researchers continue to discover new, alternative, and effective therapeutic methods and agents (Molan and Hussien, 2024). Because medicinal plants are often used to treat illnesses, scientists have been encouraged to research plants that have pharmacological value and can be used therapeutically to regulate human health (Hashim and Ibrahim, 2024; Saeed and Abdulwahid, 2022). Such as cloves are considered a broad-spectrum herb rich in natural chemical compounds, which have broad biological effects, such as antifungal, antiviral, antioxidant, and antibacterial properties (Al-Juburi and Al-Sammarraae, 2022; Dakheel et al., 2023; Yassin et al., 2020). Given the positive efficacy of medicinal herbs used in traditional medicine and the lack of side effects, there has been an increase in the exploration of many medical alternatives with biological efficacy as antibiotics, such as the aromatic syzygium plant, which is widely used in folk medicine, locally available, and generally considered safe (Hasan et al., 2022; Seriana et al., 2021). 

			Based on this, the present study aims to investigate the prevalence of Proteus spp. in human urine and raw chicken meat samples collected from Wasit Governorate, Iraq, and to evaluate the potential antibacterial activity of a natural antimicrobial agent—clove extract.

			Materials and Methods

			Sample collection and bacterial isolation

			A total of 320 samples were collected between March and September 2023 from regions in Wasit Governorate, Iraq. These included 120 urine samples obtained from patients diagnosed with urinary tract infections. In parallel, 200 raw chicken meat samples were randomly collected under sterile conditions from local superstores and retail markets. All samples were immediately transported to the microbiology laboratory in sterile cooler boxes. Proteus species were isolated and identified from chicken meat samples according to ISO 21528-2 (International Organization for Standardization, 2017). For processing, 25 grams of each sample were homogenized in 225 ml of buffered peptone water and incubated at 37 °C for 24 hours. Subsequently, 1 ml of this pre-enrichment was transferred to 10 ml of tetrathionate broth and incubated at 42 °C for 18–24 hours. The enriched cultures were streaked on selective media for isolation and were later subjected to biochemical, serological, and molecular identification procedures.

			Cultural media

			Proteus species were isolated and identified from samples of chicken flesh. Following weighing, 25 grams of each sample were mixed with 225 milliliters of buffered peptone water in a sterile flask and incubated for 18 to 24 hours at 37°C. Nine milliliters of tetrathionate broth were combined with one milliliter of the suspension, and the mixture was incubated for 18 to 24 hours at 42°C. Both regular MacConkey agar and differential agar (Hichrome UTI agar) were used to culture the samples. Bacterial species were identified by standard methods after Proteus colonies were purified. Conventional biochemical methods were used to identify all probable colonies, and PCR was used for additional verification.

			Detection of molecular 

			The detection of Proteus species in clinical and environmental samples was done using the conventional polymerase chain reaction (PCR). A particular 383-base pair (bp) fragment of the Proteus 16S ribosomal RNA (rRNA) gene was amplified in this process using reference sequences supplied from the GenBank database of the National Center for Biotechnology Information (NCBI). The target chromosomal DNA area was targeted and amplified using oligonucleotide primers (forward and reverse) made by Alpha DNA (Montreal, Canada). Following PCR, DNA sequencing was performed on the Proteus isolates that tested positive for additional characterization and confirmation (Figure 1).
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			Figure 1: DNA product analysis of Proteus Spp.

			Plant sample collection and extraction

			Dried flower buds (seeds) of Syzygium aromaticum (clove) were purchased in 2023 from a local market in Wasit Province, Iraq. The plant material was identified and authenticated by the Ministry of Agriculture/ State Board for Seed Certification and Testing in Abu Ghraib, Baghdad, under certification number 1967 dated 4/6/2023. The clove samples were cleaned thoroughly and ground into a fine powder using an electric grinder. The powdered material was stored in airtight containers at 4 °C until further use.

			Plant extraction

			Clove extract was prepared using the Soxhlet extraction method. A total of 20 grams of powdered clove was placed in a cellulose extraction thimble and extracted with 100 ml of 75% Ethanol (Ethanol: distilled water, 3:1) at 50 °C for 8 hours. The extract was concentrated under reduced pressure using a rotary evaporator at 45 °C. The concentrated extract was further dried in an oven at 37 °C for 10 hours to obtain a semi-solid residue. The final dried extract was stored in a sealed container at 4 °C until analysis and use (Deshmukh and Borle, 1975).

			Gas chromatography-mass spectrometry (GC–MS) Analysis 

			Gas chromatography-mass spectrometry (GC–MS) analysis of the clove ethanolic extract was conducted by the Department of Environment and Water, Ministry of Science and Technology, Iraq. The analysis was performed using an automated pyrolysis gas chromatograph coupled to a Shimadzu mass spectrometer (Japan). The conditions are listed in Table 1. In a sealed glass tube, 1 mg of dried extract was combined with 50 μL of pyridine and 100 μL of N-methyl-N-trimethylsilyl-trifluoroacetamide for derivatization. The mixture was then heated at 80°C for 30 minutes for the shock-stop reaction. To analyze the derivative sample, 1 μL was injected into the quartz chamber of the pyrolysis unit using a 10 μL syringe. The following steps were taken: The syringe was rinsed before and after sample injection, and the capillary column was 35% phenyl-coated fused silica with a length of 60 meters, a film thickness of 0.25 mm I.D., and a film thickness of 0.25 m (Shashanka et al., 2016). 

			Table 1: GC–MS Operating conditions

			
				
					
					
				
				
					
							
							System Component

						
							
							Condition

						
					

					
							
							Injection mode

						
							
							Split/splitless

						
					

					
							
							Injector temperature

						
							
							280 °C

						
					

					
							
							Split ratio

						
							
							10:1

						
					

					
							
							Column

						
							
							Capillary (60 m × 0.25 mm I.D., film thickness 0.25 μm)

						
					

					
							
							Oven temperature program

						
							
							40 °C for 5 min, ramped to 280 °C and held for 15 min

						
					

					
							
							Carrier gas

						
							
							Helium (99.99%)

						
					

					
							
							Flow rate

						
							
							1 mL/min

						
					

					
							
							Mass Spectrometer

						
							
					

					
							
							Ionization mode

						
							
							Electron impact (EI)

						
					

					
							
							Ionization energy

						
							
							70 eV

						
					

					
							
							Scan range

						
							
							40–600 m/z

						
					

					
							
							Ion source temperature

						
							
							200 °C

						
					

					
							
							Detector temperature

						
							
							230 °C

						
					

					
							
							Minimum scan rate

						
							
							0.5 scan/sec

						
					

					
							
							Scan speed

						
							
							5000 u/sec

						
					

				
			

			Antibacterial activity test of clove extract (In Vitro)

			The agar well diffusion method employed in this study followed the procedures described by (Daoud et al., 2019) to evaluate the antibacterial activity of clove extract. Briefly, a stock solution was prepared by dissolving the clove-extracted powder in distilled water to achieve a final concentration of 10 mg/mL. The solution was then filtered using a 0.22 µm Millipore membrane filter. Distilled water served as the negative control. A fresh, pure culture of a previously identified bacterial isolate was used for the assay. To prepare the inoculum, at least 3 to 5 well-isolated colonies from a fresh bacterial culture were transferred into test tubes containing 5 mL of sterile normal saline and incubated at 37 °C for 2 hours. The turbidity of the suspension was adjusted to match the 0.5 McFarland standard, equivalent to 1.5 × 10⁸ CFU/mL. Using sterile disposable swabs, the standardized inoculum was spread uniformly onto the surface of Mueller-Hinton agar plates (with a medium depth of approximately 4 mm). The plates were rotated three times at 60° angles to ensure even distribution. After allowing the plates to dry, wells with a 6 mm diameter were aseptically punched into the agar using a sterile cork borer. Then, 100 μL of the clove extract solution at concentrations of 10 mg/mL, 5 mg/mL, 2.5 mg/mL, and 1.25 mg/mL were added to the respective wells. Plates were incubated at 37 °C for 18–24 hours. Following incubation, the diameter of the inhibition zones was measured in millimeters using a digital vernier caliper.

			Minimum inhibitory concentration (MIC)

			The MIC was defined as the lowest concentration of the clove extract capable of inhibiting visible bacterial growth, as per the guidelines outlined by the Clinical and Laboratory Standards Institute (CLSI) and described by (Al-Malkey et al., 2020; Eloff, 1998), with slight modifications. The broth microdilution method using a 96-well polystyrene microtiter plate was employed.

			Preparation of antimicrobial agent

			A stock solution of ethanolic clove extract was prepared by dissolving the dry extract in 10% distal water to a final concentration of 10 mg/mL, followed by filtration through a 0.22 μm Millipore filter. Two-fold serial dilutions were prepared using Mueller-Hinton Broth (MHB) to obtain concentrations ranging from 5 mg/mL to 0.01 μg/mL.

			Preparation of inoculum

			Fresh bacterial colonies were transferred into tubes containing 4–5 mL of MHB and incubated at 35 °C for 2 hours. The suspension turbidity was adjusted to 0.5 McFarland standard and then diluted 1:100 to obtain approximately 1 × 10⁶–10⁸ CFU/mL for use in the MIC assay.

			MIC Assay procedure

			In each well of the 96-well microtiter plate, 100 μL of diluted clove extract and 100 μL of standardized bacterial suspension were combined, making a final volume of 200 μL per well. Column 11 served as the positive control (broth + bacteria + solvent), and column 12 served as the negative control (broth + solvent only, without bacteria). Plates were incubated at 37 °C for 18–24 hours. After incubation, 30 μL of Alamar Blue reagent was added to each well and incubated again for 1 hour at 37 °C. Alamar Blue is a resazurin-based, cell-permeable, non-toxic indicator dye. In the presence of metabolically active bacteria, resazurin is reduced to resorufin, leading to a color change from blue (no growth) to pink/red (growth). The MIC was recorded as the lowest concentration that prevented a visible color change. All tests were performed in duplicate to confirm reproducibility.

			Statistical analysis

			The Chi-squared test was used to compare isolation proportions. Additionally, the odds ratio was estimated. P < 0.05 indicates significance (Cary, 2010)

			Results and Discussion

			Based on PCR and cultural characteristics, two Proteus species P. mirabilis and P. vulgaris, were successfully isolated and identified, as shown in Table 2  and Table 3. As outlined in Table 2, P. mirabilis was detected in 13% (26/200) of chicken meat samples and 25% (30/120) of human urine samples, yielding a total prevalence of 17.5% (56/320). A statistically significant difference (χ² = 7.48, P = 0.006) was observed between the two sources, with human samples showing a higher isolation rate. While the isolation rate was 4% (8/200) of chicken meat samples, it was 6.6% (8/120) in human urine samples (Table 3). 

			Based on the chemical composition results from this investigation, the ethanol extract of clove (Syzygium aromaticum) was found to contain a higher concentration of active chemical components (Table 4). The use of medicinal plant extracts is increasingly important in the search for novel antibacterial biomolecules to combat antibiotic resistance (Pavesi et al., 2018). Clove extract contains a range of potentially bioactive compounds, including eugenol, phenol, 2-methoxy-4-(2-propenyl)-acetate, essential oils such as oleic acid, n-hexadecanoic acid, 2,3,4-trimethoxyacetophenone, caryophyllene, flavonoids, saponins, and tannins (Gowri and Manimegalai, 2019; Ibrahim and Mohammed, 2025). These constituents are associated with various biological activities, including antipyretic, antispasmodic, anticarcinogenic, inhibition of 5-LOX enzyme activity in human polymorphonuclear leukocytes, antioxidant effects, protection against peroxynitrite-mediated tyrosine nitration and lipid peroxidation, antifungal, antimicrobial, and antibacterial activities (Rosarior et al., 2021). 

			The antimicrobial activity of clove was due to the presence of eugenol, 2-heptanone, methyl salicylate, kaempferol, gallic acid, isoeugenol, and oleanolic acid (Faujdar et al., 2020). These chemicals typically denatured proteins that reacted with the cell membrane and altered their permeability (Kaur and Kaushal, 2019). The relationship between anti-nociceptive and anti-inflammatory actions is widely recognized for a variety of nonsteroidal anti-inflammatory drugs. As with NSAIDs, the extract may reduce vascular permeability and hence decrease edema production. Thus, the plant could be employed as a possible source of anti-inflammatory and anti-nociceptive chemicals, supporting the local claim of its usage in painful and inflammatory disorders (Tanko et al., 2008). The peaks were detected using GC-MS data (Figure 3). The primary peaks were recognized as eugenol, phenol,2-methoxy-4-(2-propenyl)-acetate, oleic acid, n-hexadecanoic acid, 2,3,4, Trimethoxyacetophenone, and caryophyllene. Similar ethanol extract components were observed in GC-mass (Gowri and Manimegalai, 2019; Rasmey and Mahran, 2018). Similar to Oleic Acid components were recorded in GC-mass (Eltak et al.,2023) and

			Table 2: Isolation percentage of P. mirabilis from different sources

			
				
					
					
					
					
					
				
				
					
							
							Source

						
							
							No. of Samples

						
							
							P. mirabilis

						
							
							Yates’ χ²

						
							
							P-value

						
					

					
							
							Chicken meat

						
							
							200

						
							
							26 (13%)

						
							
							7.48

						
							
							0.006

						
					

					
							
							Human urine

						
							
							120

						
							
							30 (25%)

						
							
							
					

					
							
							Total

						
							
							320

						
							
							56 (17.5%)

						
							
							
					

				
			

			Table 3: Isolation percentage of P. vulgaris from different sources

			
				
					
					
					
					
					
				
				
					
							
							Source

						
							
							No. of Samples

						
							
							P. vulgaris

						
							
							Yates’ χ²

						
							
							P-value

						
					

					
							
							Chicken meat

						
							
							200

						
							
							8 (4%)

						
							
							1.12

						
							
							0.28 NS

						
					

					
							
							Human urine

						
							
							120

						
							
							8 (6.6%)

						
							
							
					

					
							
							Total

						
							
							320

						
							
							16 (5%)
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			Figure 2: Chromatogram of GC-MS analysis of the ethanolic extract of Cloves.

			Table 4: Major volatile compounds of the ethanolic extract of Cloves and its metabolites area percentage

			
				
					
					
					
					
					
				
				
					
							
							Peak No.

						
							
							Compound

						
							
							Retention time

						
							
							Chemical formula

						
							
							Area %

						
					

					
							
							1

						
							
							Phenol, 4-(2-propenyl)

						
							
							10.992

						
							
							C9H10O

						
							
							0.83

						
					

					
							
							2

						
							
							12,15-Octadecadiynoic acid, methyl ester

						
							
							11.105

						
							
							C19H30O2

						
							
							0.85

						
					

					
							
							3

						
							
							Caryophyllene

						
							
							12.200

						
							
							C15H24

						
							
							0.98

						
					

					
							
							4

						
							
							Eugenol

						
							
							12.667

						
							
							C10H12O2

						
							
							48.15

						
					

					
							
							5

						
							
							Phenol, 2-methoxy-4-(2-propenyl)-, acetate

						
							
							15.013

						
							
							C12H14O3

						
							
							22.61

						
					

					
							
							6

						
							
							2,3,4, Trimethoxyacetophenone

						
							
							17.180

						
							
							C11H14O4

						
							
							1.02

						
					

					
							
							7

						
							
							n-Hexadecanoic acid

						
							
							18.611

						
							
							C16H32O2

						
							
							4.70

						
					

					
							
							8

						
							
							(3S,3aS,6R,7R,9aS)-1,1,7-Trimethyldecahydro-3a,7-methanocyclopenta [8]annulene-3,6-diol

						
							
							19.274

						
							
							C15H26O2

						
							
							0.91

						
					

					
							
							9

						
							
							Oleic Acid

						
							
							20.586

						
							
							C18H34O2

						
							
							13.01
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			Figure 3: The effect of clove extract on Proteus spp. at different concentrations.

			similar eugenol components were recorded in GC-mass (Mittal et al., 2014; Wael et al., 2018). 

			Several studies revealed that 80% ethanol was able to extract most of the bioactive phytochemical compounds, especially flavonoids effectively (Chon et al., 2020). Previous research tested different solvent extraction methods on spices and found that 80% ethanolic extraction demonstrated the showed the highest inhibition against both gram-negative and gram-positive (Sakha et al., 2018). The primary component of eugenol found in the ethanol extract of S. aromaticum has been linked to a variety of biological activities, including antimicrobial, antimutagenic, antiulcerogenic, antiviral, antioxidant, anti-inflammatory, antithrombotic, antifungal, and antiparasitic. Clove’s antibacterial effect is attributable to its eugenol, which is extensively utilized in perfumery, dentistry, and food (Gowri and Manimegalai, 2019). Caryophyllene was able to affect bacterial membrane permeability and integrity, resulting in membrane degradation and intracellular content leakage, ultimately leading to cell death (Moo et al., 2020). This result shows the primary region for eugenol, indicating that this active component was responsible for the plant greeting activity, which coincided with a study by some researchers who identified and examined the compounds in clove extract (Mandey et al.,2020). The results of this study encourage the use of natural sours like some plants or some parts of plants, and the present tests improve the bioactivity, including antibacterial action, thus related to active compounds in the Clove (Syzygium aromaticum), especially in the buds, this could be one of many promised to treat to solve some series problems caused by bacteria activities that cause food poisoning and harmful to human health (Mejía-Argueta et al., 2020). S. aromaticum is a powerful chemopreventive agent that has been utilized by traditional Ayurveda physicians in India from ancient times to treat respiratory and digestive illnesses (Banerjee et al., 2006) S. aromaticum has several medicinal purposes; it controls nausea, vomiting, cough, diarrhea, flatulence, dyspepsia, stomach distension, and gastrointestinal spasm, relieves pain, causes uterine contractions, and stimulates the nerves (Tanko et al.,2008) . Previous research has examined the mechanisms of eugenol’s antibacterial activity; the oil’s hydrophobicity allows it to partition lipids and break the outer membranes of Gram-positive and Gram-negative bacteria (Pavesi et al., 2018) . Eugenol was also observed to promote protein leakage from cell membranes in both species of bacteria (Oyedemi et al., 2009). 

			Determination of antimicrobial activity of medicinal plant extracts

			In this study, the clove (Syzygium aromaticum) plant was extracted by ethanol extract and the activity of this extract was evaluated in vitro against Proteus spp. using agar well diffusion and agar dilution methods. Natural plant-derived antibacterial agents are more cost-effective and exhibit fewer side effects, which has increased their popularity in recent years. Spices such as clove have been widely recognized for their diverse biological activities, including antioxidant, antiviral, anticancer, antifungal, and antibacterial effects (Cortés-Rojas et al., 2014). In this study, significant differences were observed in the diameter of the inhibition zones among different extract concentrations and between the two Proteus species tested. The inhibition zone increased with extract concentration, indicating a dose-dependent effect. At a concentration of 10 mg/mL, the ethanolic extract exhibited the strongest activity. For P. mirabilis, the inhibition zones were recorded as 24.70 ± 0.20 mm (10 mg/mL), 20.70 ± 0.16 mm (5 mg/mL), 17.52 ± 0.18 mm (2.5 mg/mL), and 14.54 ± 0.13 mm (1.25 mg/mL). Similarly, P. vulgaris showed inhibition zones of 23.00 ± 0.18 mm, 18.20 ± 0.26 mm, 16.05 ± 0.18 mm, and 14.04 ± 0.11 mm at the respective concentrations. These results are summarized in Table 5. and visualized in Figure 3, and they agree with the findings (Sethi et al., 2013).

			Medicinal plants are widely recognized as a rich source of compounds suitable for drug development and synthesis. These plants contain a broad spectrum of chemical constituents, most of which fall into four main biochemical categories: alkaloids, glycosides, polyphenols, and terpenes. Some plants are valued for their nutritional benefits, while others are recommended for their therapeutic properties. In the present study, Syzygium aromaticum (clove) was investigated. Clove exhibited significant antibacterial activity across all tested concentrations, consistent with previous findings (Muhammad et al., 2016). Eugenol, the primary active compound in clove, is particularly noted for its strong antimicrobial properties- findings that align with those reported earlier (Sakha et al., 2018). The increasing prevalence of antibiotic-resistant microorganisms, especially in clinical settings, has made treatment increasingly difficult (Blatnik and Lešničar, 2006). Spread control measures have been developed, as well as treatments for MDR bacteria; an alternate treatment for these bacteria is to investigate natural substances (Lewis and Ausubel, 2006). Antibacterial activity was observed against MDR microorganisms. However, the clove plant derived from spices proved more potent against bacteria (Idowu et al., 2021). 

			Table 5: Diameter of inhibition zones (mm) of various concentrations of clove extract against Proteus spp.

			
				
					
					
					
					
				
				
					
							
							Concentration

						
							
							Proteus mirabilis

						
							
							Proteus vulgaris

						
							
							LSD

						
					

					
							
							1.25 mg/mL

						
							
							14.54 ± 0.13a

						
							
							14.04 ± 0.11a

						
							
							0.57

						
					

					
							
							2.5 mg/mL

						
							
							17.52 ± 0.18a

						
							
							16.05 ± 0.18a

						
					

					
							
							5 mg/mL

						
							
							20.70 ± 0.16a

						
							
							18.20 ± 0.26a

						
					

					
							
							10 mg/mL

						
							
							24.70 ± 0.20a

						
							
							23.00 ± 0.18a

						
					

				
			

			Means with different lowercase letters in the same row are significantly different at P < 0.05.

			Table 6: The clove extract against Proteus spp. (MBC and MIC) values (mg/mL)

			
				
					
					
					
				
				
					
							
							Proteus spp.

						
							
							MIC (mg/mL)

						
							
							MBC (mg/mL)

						
					

					
							
							P. mirabilis

						
							
							0.31 ± 0.03

						
							
							0.63 ± 0.05

						
					

					
							
							P. vulgaris

						
							
							0.60 ± 0.11

						
							
							1.22 ± 0.22

						
					

					
							
							P-value

						
							
							0.02 (NS)

						
							
							0.02 (NS)

						
					

				
			

			The diameter of the inhibitory zone varies with the concentration of the extract. If the effect of the extract is directly proportional to the concentration, this could be attributed to an increase in the concentration of the active compounds in the extract by increasing its concentration. The alcoholic extract of the clove plant affects the growth of these bacteria because it contains a variety of active ingredients. One of them could be eugenol, which is known to be found in large quantities in this plant’s flower buds. Aside from being a broad-spectrum antibacterial, it contains other chemicals that could be the explanation for its microbiological efficiency (Melander et al., 2018). The effect of plant extracts on bacteria occurs through a mechanism similar to the action of antibacterial drugs, as they work to inhibit the synthesis of the bacterial cell wall, or to inhibit the synthesis of proteins and nucleic acids that the cell essentially needs, or to inhibit the synthesis of the plasma membrane (Chao et al., 2000). According to Kurutas et al., 2005, urinary tract infections can produce oxidative stress by depleting urine antioxidant enzymes. If clove ethanolic extract could provide substantial antioxidative benefits while also exerting antibacterial capabilities against UTI-causing microorganisms, it has the potential to be developed into an effective therapy for this infection. 
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			Figure 4: The results of Broth microdilution assay (MIC) values of cloves extract for (a. P. mirabilis, b. P. vulgaris). (C-)” Negative control (MHB broth only), (C+)” Positive control (only bacteria, broth MHB) Blue color Wells had no or inhibited growth, red color Wells with growth
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			Figure 5: The observed activity (MBC and MIC) of Antibacterial clove extract against (P. mirabilis and P. vulgaris).

			A correlation study between separated plant components and inhibition of microorganisms revealed those phenolic compounds had potent antibacterial properties (Dorman and Deans, 2000). Thus, the significant level of phenolic content observed in clove ethanolic extract could be one of the main elements contributing to the strong antibacterial capabilities in both Gram-positive and Gram-negative UTI-causing bacteria studied. The antibacterial activity of clove is linked to eugenol (2 methoxy-4 allyl-phenol) (Gupta et al., 2008). The high tannin concentration (10-19%) in clove additionally provides additional antibacterial properties (Nanasombat and Lohasupthawee, 2005). 

			Determination of minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)

			The result showed in (Agar dilution method) shown in Proteus mirabilis the MIC concentration mg/ml was (0.31±0.03) and in Proteus vulgaris was (0.60±0.11). While the MBC concentration mg/ml in P. mirabilis was (0.60±0.11) and in p. vulgaris was (1.22±0.22). This result showed no significant differences between the two types of bacteria and between MIC, and MBC concentration (Table 6), (Figures 4 and 5). This result matches the previous findings (Rosarior et al., 2021). Eugenol, flavonoids, and tannins were among the bioactive components identified in the extract. This bioactivity could be due to eugenol, the primary clove component. Eugenol’s hydrophobicity could break down the cellular lipid and disrupt the bacterial cell wall, resulting in cell lysis and intracellular fluid leakage (Pavesi et al., 2018). 

			Considering this, we postulated that other bioactive molecules, particularly phenolic compounds, were functioning in tandem with eugenol to give the reported antibacterial properties of clove ethanolic extract. Eugenol has previously been shown to have a positive synergistic antibacterial effect on a variety of bacterial strains when combined with other antibiotics such as fluconazole, tetracycline, and colistin (Wang et al., 2018).The findings of the current study may confirm previous recommendations for clove extract as a safe natural product with a variety of therapeutic effects for humans (Pavesi et al.,2018). 

			Conclusions

			The research study demonstrated that the ethanol extract of clove (Syzygium aromaticum), has biological activity as a potential inhibitor for (P. mirabilis,P. vulgaris). GC-MS analysis confirmed the presence of several bioactive compounds, including eugenol, phenol, 2-methoxy-4-(2-propenyl)-acetate, oleic acid, n-hexadecanoic acid, 2,3,4-trimethoxyacetophenone, caryophyllene, flavonoids, saponins, and tannins. (MBC and MIC) An in vitro antibacterial activity of clove extract against the identified Proteus strains. We can conclude that P. vulgaris is less sensitive than P. mirabilis to the effect of clove extract. This is attributed to the possibility of some differences in the structural composition of virulence factor proteins and the mutations they have undergone, which in turn causes a greater effect for some types of bacteria compared to other types, with regard to the effect of the compounds and their biological activity.

			Acknowledgements

			The authors thank the Department of Public Health, College of Veterinary Medicine, University of Baghdad, for facilitating access to their laboratories, which supported the completion of this research.

			Novelty Statement

			This study provides the first molecular analysis of Proteus mirabilis and Proteus vulgaris isolates from chicken meat and human urine in Wasit, Iraq. It integrates antimicrobial susceptibility testing (AST), 16S rRNA gene sequencing to reveal high resistance rates and novel genetic mutations at multiple loci. The submission of new sequences to NCBI provides valuable insights into zoonotic transmission pathways and the public health implications of antimicrobial resistance in foodborne pathogens.

			Author’s Contribution

			Mushtaq Talib Abdulwahid: Formulating the idea and general supervision, theoretically and practically.

			Safa Jabbar Mudheher: Help manage the article and conduct practical experiments.

			Generative AI or AI assisted technology statement

			The authors declare that no generative AI were used in the manuscript.

			Conflict of interest

			The authors have declared no conflict of interest.

			References 

			Abbasi, M.A., S. Ghazanfari, S.D. Sharifi and H. Ahmadi Gavlighi. 2020. Influence of dietary plant fats and antioxidant supplementations on performance, apparent metabolizable energy and protein digestibility, lipid oxidation and fatty acid composition of meat in broiler chicken. Veterinary Med. Sci., 6(1): 54-68. doi: https://doi.org/10.1002/vms3.212. Epub 2019 Nov 11.

			Abd Sharad, A., O. Almuharib and N.M. Hussein. 2020. Effect of Xanthium strumarium extract on some virulence factor of Proteus mirabilis isolated from patients in Ramadi Hospital. Syst. Rev. Pharmacy., 11(9): 1122-1124.

			Alattar, N.S., F.K. Emran and S.R. Oleiwi. 2024. Effects of Phenolic Plant Extracts on Biofilm Formation by Klebsiella pneumoniae Isolated from Urinary Tract Infections. Iraqi J. S., 6415-6423. https://doi.org/10.24996/ijs.2024.65.11.18.

			Al-Juburi, L.I. and I.A. Al-Sammarraae. 2022. The protective role of Salmonella typhimurium-whole sonicated killed antigen and Syzygium aromaticum extract on the histopathological changes against its infection in rabbits. Iraqi J. Veterinary Med., 46(2): 12-19. https://doi.org/10.30539/ijvm.v46i2.1399.

			Al-Malkey, M.K., A.H. Ibrahim, M. C.Ismeel, F.O. Sameer, I.A. Beram and I.A. Jasim. 2020. Synergistic Antibacterial Activity of Epidermin and Staphylolysin Las A against Pathogenic Bacteria. Biomed. Pharmacol. J., 13(1): 199-206. DOI: https://dx.doi.org/10.13005/bpj/1877

			Avi, R. 2024. Responses of Poultry to Heat Stress and Mitigation Strategies During Summer in Tropical Countries: A Review. Iraqi J. Veterinary Med., 48(2): 55-65. https://doi.org/10.30539/1y9y3h89. 

			Banerjee, S., C.K. Panda and S. Das. 2006. Clove (Syzygium aromaticum L.), a potential chemopreventive agent for lung cancer. Carcinogenesis., 27(8): 1645-1654. https://doi.org/10.1093/carcin/bgi372.

			Blatnik, J. and G. Lešničar. 2006. Propagation of methicillin-resistant Staphylococcus aureus due to the overloading of medical nurses in intensive care units. J. Hospital Infection., 63(2): 162-166. https://doi.org/10.1016/j.jhin.2005.11.013.

			Beikzadeh, B. 2023. Immunoinformatics design of multi-epitope vaccine using OmpA, OmpD and enterotoxin against non-typhoidal salmonellosis. BMC bioinformat., 24(1): 63. https://doi.org/10.1186/s12859-023-05183-6.

			Cary, N. 2010. SAS. SAS/STAT Users Guide for Personal Computer. Release 9.13. USA: SAS Institute. In: Inc.

			Chao, S.C., D. G. Young and C.J. Oberg. 2000. Screening for inhibitory activity of essential oils on selected bacteria, fungi and viruses. J. Essential Oil Res., 12(5): 639-649. DOI: https://doi.org/10.1080/10412905.2000.9712177.

			Chon, J.W., K.H. Seo, D. Bae, B. Kim, D. Jeong and K.Y. Song. 2020. Antibacterial activity of clove oil against foodborne pathogenic bacteria and sensory attributes in clove oil-enriched dairy products: a preliminary study. J. Dairy Sci. Biotechnol., 38(4): 197-206. https://doi.org/doi.org/10.22424/jdsb.2020.38.4.197.

			Cortés-Rojas, D.F., C.R. F.deSouza and W.P. Oliveira. 2014. Clove (Syzygium aromaticum): a precious spice. Asian Pacific J. tropical biomedicine., 4(2): 90-96. doi: https://doi.org/10.1016/S2221-1691(14)60215-X.

			Dakheel, M.M., A.A. Al-Mnaser, M.J. Woodward and C.Rymer. 2023. Assessment of different tannin extracts on avian pathogenic Escherichia coli metabolites using nuclear magnetic resonance. Iraqi J. Vet. Med.,47(1): 80-85. https://doi.org/10.30539/ijvm.v47i1.1525.

			Daoud, A., D. Malika, S. Bakari, N. Hfaiedh, K. Mnafgui, A. Kadri and N. Gharsallah. 2019. Assessment of polyphenol composition, antioxidant and antimicrobial properties of various extracts of Date Palm Pollen (DPP) from two Tunisian cultivars. Arabian J. Chem., 12(8): 3075-3086. https://doi.org/10.1016/j.arabjc.2015.07.014.

			Deshmukh, S. and M. Borle. 1975. Studies on the insecticidal properties of indigenous plant products. Vol. 37 (1): 11-18 ref. 8

			Dorman, H.D. and S.G. Deans. 2000. Antimicrobial agents from plants: antibacterial activity of plant volatile oils. J. Appl. Microbiol., 88(2): 308-316. https://doi.org/10.1046/j.1365-2672.2000.00969.x.

			Dougnon, V., P. Assogba, E. Anago, E. Déguénon, C. Dapuliga, J. Agbankpè and H. Bankolé. 2020. Enterobacteria responsible for urinary infections: a review about pathogenicity, virulence factors and epidemiology. J. Appl. Biol. Biotechnol., 8(1): 117-124. DOI: https://doi.org/10.7324/JABB.2020.80118.

			Eloff, J.N. 1998. A sensitive and quick microplate method to determine the minimal inhibitory concentration of plant extracts for bacteria. Planta medica., 64(08): 711-713. DOI: https://doi.org/10.1055/s-2006-957563.

			Eltak, N.A., N. A. Gniedy, D.R. Abdel-Haleemand S.M. Farag. 2023. Based on GC-MS Analysis: An Evaluation Activity of Some Algal Extracts Against Culex pipiens L. (Diptera: Culicidae). Egyptian J. Aquatic Biol. Fisher., 27(3). doi https://doi.org/10.21608/ejabf.2023.302991.

			Faiq, N.H. and M.E. Ahmed. 2024. Inhibitory effects of biosynthesized copper nanoparticles on biofilm formation of Proteus mirabilis. Iraqi J. Sci., 65: (1), pp: 65- 78 DOI: https://doi.org/10.24996/ijs.2024.64.1.7 65-78. 

			Faujdar, S.S., D. Bisht and A. Sharma. 2020. Antibacterial activity of Syzygium aromaticum (Clove) against uropathogens producing ESBL, MBL, and AmpC beta-lactamase. J. Family Med. Primary Care., 9(1): 180- 186. DOI: https://doi.org/10.4103/jfmpc.jfmpc_908_19.

			Gowri, G. and K. Manimegalai. 2019. Phytochemical screening and GC-MS analysis of ethanol extract of Syzygium aromaticum L. J. Pharmacognosy Phytochemis., 8(5): 746-750.

			Gupta, C., A.P. Garg and R. C. Uniyal. 2008. Antibacterial activity of Amchur (dried pulp of unripe Mangiferaindica) extracts on some food borne bacteria. J. Pharm. Res., 1: 54-57

			Hasan, T.H., K.K. Alasedi and A.A. Jaloob. 2021. Proteus mirabilis virulence factors. Int. J. Pharmaceut. Res., 13(1): 2145-2149. https://doi.org/10.31838/ijpr/2021.13.01.169.

			Hasan, H.J., M.T. Abdulwahid and H.N. Ayyez. 2022. In vitro antimicrobial activity of clove extract against gram negative bacteria isolated from chickens. Int. J. Health Sci., 6(S4): 2392²2408. https://doi.org/10.53730/ijhs.v6nS4.7372.

			Hashem, W.E. and R.A. Abdaljaleel. 2024. Influence of Cooking by Boiling on Lead and Cadmium in Meat and Liver of Chickens. Iraqi J. Veterinary Med., 48(2): 32-37. https://doi.org/10.30539/8njfpz82.

			Hashim, M.U. and O.M.S. Ibrahim. 2024. Extraction and Identification of the Main Components of Cloves (Syzygium aromaticum L.) Oil Extract and its Antimicrobial Activity against Methicillin-resistant Staphylococcus aureus strain. J. Facult. Med. Baghdad., 66(2). https://doi.org/10.32007/jfacmedbagdad.6622187

			Ibrahim, A.A. and R.K. Mohammed. 2025. In vitro and Molecular Study of Synergistic Impact of Eugenol and Fosfomycin against Clinically-isolated, Fosfomycin-Resistant Escherichia coli. Iraqi J. Sci., 65(9) pp: 4983-4992 DOI: https://doi.org/10.24996/ijs.2024.65.9.15

			Idowu, S., A.E. Adekoya, O.O. Igiehon and A.T. Idowu. 2021. Clove (Syzygium aromaticum) spices: A review on their bioactivities, current use, and potential application in dairy products. J. Food Measure. Characteriz., 15: 3419-3435. DOI: https://doi.org/10.1007/s11694-021-00915-9.

			International Organization for Standardization. 2017. ISO 21528-2. Microbiology of the food chain - Horizontal method for the detection and enumeration of Enterobacteriaceae - Part 2: Colony-count technique. ISO. https://www.iso.org/standard/63504.html.  

			Kadhim, A.F., H.J. AL-Mathkury and H. H. Obaid. 2014. Role of Proteus mirabilis DNA in comparison to Candida albicans DNA in rats’ joints infection. Iraqi J. Sci., 55(3B): 1170-1182. https://www.ijs.uobaghdad.edu.iq/index.php/eijs/article/view/11544. 

			Kaur, K. and S. Kaushal. 2019. Phytochemistry and pharmacological aspects of Syzygium aromaticum: A review. J. Pharmacogn. Phytochem., 8(1): 398-406.

			Kurutas, E.B., P. Ciragil, M. Gul and M. Kilinc. 2005. The effects of oxidative stress in urinary tract infection. Mediat. inflamm., 2005(4): 242-244. DOI: https://doi.org/10.1155/MI.2005.242. 

			Lewis, K. and F.M. Ausubel. 2006. Prospects for plant-derived antibacterials. Nature Biotechnol., 24(12): 1504-1507. DOI: https://doi.org/10.1038/nbt1206-1504.

			Li, Z., C. Peng, G. Zhang, Y. Shen, Y. Zhang, C. Liu and F. Wang. 2022. Prevalence and characteristics of multidrug-resistant Proteus mirabilis from broiler farms in Shandong Province, China. Poultry sci., 101(4): 101710. https://doi.org/10.1016/j.psj.2022.101710.

			Mandey, J.S., F.R. Wolayan, C.J. Pontoh and Y.H. Kowel. 2020. Fatty acid composition and antibacterial activity of clove (Syzygium aromaticum) and carrot (Daucus carota) as candidate of additive for broiler chickens. Scientific Papers. Series D. Animal Science, 63(1). 

			Molan, N.K. and A.R. Hussien. 2024. Isolation and Identification of Enterococcus spp. Resistant to Macrolides Antibiotics. Iraqi J. Sci.,65 (8): pp: 4271-4280 DOI: https://doi.org/10.24996/ijs.2024.65.8.12.

			Mejía-Argueta, E., J. Santillán-Benítez, M. Canales-Martinez and A. Mendoza-Medellín. 2020. Antimicrobial activity of Syzygium aromaticum L. essential oil on extended-spectrum beta-lactamases-producing Escherichia coli. Bullet. National Res. Centre., 44: 1-7.

			Melander, R.J., D.V. Zurawski and C. Melander. 2018. Narrow-spectrum antibacterial agents. Medchemcomm., 9(1): 12-21. https://doi.org/10.1039/C7MD00528H.

			Mittal, M., N. Gupta, P. Parashar, V. Mehra and M. Khatri. 2014. Phytochemical evaluation and pharmacological activity of Syzygium aromaticum: a comprehensive review. Int. J. Pharmacy Pharmaceut. Sci., 6(8): 67-72. 

			Moo, C.L., S.K. Yang, M.A. Osman, M.H. Yuswan, J.Y. Loh, W.M. Lim, K.S. Lai. 2020. Antibacterial activity and mode of action of β-caryophyllene on Bacillus cereus. Polish J. Microbiol., 69(1): 49.

			Muhammad Saeed, M.S., I.Y. Iqra Yasmin, M.I. Khan, M. N. Muhammad Nadeem, M. A. Shabbir and M.A. Muhammad Azam. 2016. Herbs and spices as a potential antimicrobial agents for food application. Pak. j. food sci., 26(3): 153-160.

			Nanasombat, S. and P. Lohasupthawee. 2005. Antibacterial activity of crude ethanolic extracts and essential oils of spices against Salmonellae and other enterobacteria. Current Appl. Sci. Technol., 5(3): 527-538.

			Oyedemi, S., A. Okoh, L. Mabinya, G. Pirochenva and A. Afolayan. 2009. The proposed mechanism of bactericidal action of eugenol,∝-terpineol and g-terpinene against Listeria monocytogenes, Streptococcus pyogenes, Proteus vulgaris and Escherichia coli. African J. Biotechnol., 8(7). DOI: https://doi.org/10.4314/ajb.v8i7.60106.

			Pavesi, C., L.A. Banks and T. Hudaib. 2018. Antifungal and antibacterial activities of eugenol and non-polar extract of Syzygium aromaticum L. J. Pharmaceut. Sci. Res., 10(2): 337-339.

			Ram, P., V. Rao, S. Rao, K. Subramanyam and k. Srinivas. 2019. Prevalence and virulence gene profiles of Proteus mirabilis isolated from animal, human and water samples in Krishna District, Andhra Pradesh, India. Pharma Innov. J., 8(6): 19-23. 

			Rasmey, A.H. and F. Mahran. 2018. Bioactivity of clove (Syzygium aromaticum) against some taxa of Enterobacteriaceae isolated from fresh ground beef. Egyptian J. Microbiol., 53(1): 207-218. doi https://doi.org/10.21608/ejm.2018.5398.1074.

			Rosarior, V.L., P.S. Lim, W.K. Wong, C.S. Yue, H.C. Yam and S.A. Tan. 2021. Antioxidant-rich clove extract, a strong antimicrobial agent against urinary tract infections-causing bacteria in vitro. Trop. Life Sci. Res., 32(2): 45. doi: https://doi.org/10.21315/tlsr2021.32.2.4.

			Saeed, A. A. and M.T. Abdulwahid. 2022. Effect of Zinc Oxide Nanoparticles Synthesis by (Zingiber officinale) Ginger Extract in Some Microbiological Quality of Fresh Chicken Meat During Referginated Storage. Al. Anbar J. Veterinary Sci., 15(1). p: 13-20, DOI: https://doi.org/10.37940/AJVS.2022.15.1.2. 

			Sakha, H., R. Hora, S. Shrestha, S. Acharya, D. Dhakal, S. Thapaliya and K. Prajapati. 2018. Antimicrobial activity of ethanolic extract of medicinal plants against human pathogenic bacteria. Tribhuvan University J. Microbiol., 5: 1-6. DOI: https://doi.org/10.3126/tujm.v5i0.22292.     

			Sethi, S., A. Dutta, B.L. Gupta and S. Gupta. 2013. Antimicrobial activity of spices against isolated food borne pathogens. Int. J. Pharmacy Pharmaceutical Sci., 5(1): 260-262.

			Seriana, I., M. Akmal, D. Darusman, S. Wahyuni, K. Khairan and S. Sugito. 2021. Phytochemicals characterizations OF neem (Azadirachta indica A. Juss) leaves ethanolic extract: an important medicinal plant as male contraceptive candidate. Rasayan J. Chem., 14(1): 343-350. http://dx.doi.org/10.31788/ RJC.2021.1415899.

			Shashanka, R., D. Chaira and B.K. Swamy. 2016. Fabrication of yttria dispersed duplex stainless steel electrode to determine dopamine, ascorbic and uric acid electrochemically by using cyclic voltammetry. Int. J. Sci. Eng. Res., 7(1275): e1285.

			Tanko, Y., A. Mohammed, M. Okasha, A. Umah and R. Magaji. 2008. Anti-nociceptive and anti-inflammatory activities of ethanol extract of Syzygium aromaticum flower bud in wistar rats and mice. African J. Tradition. Complement. Alternat. Med., 5(2): 209-212. doi: https://doi.org/10.4314/ajtcam.v5i2.31275.

			Tropea, A. 2022. Microbial contamination and public health: an overview. Int. J. Environ. Res. Public Health., 19(12): 7441. doi: https://doi.org/10.3390/ijerph19127441. 

			Wael, S., T.W. Watuguly, I. Arini, A. Smit, N. Matdoan, D.R. Prihati, N. Wijayanti. 2018. Potential of Syzygium aromaticum (Clove) leaf extract on immune proliferation response in Balb/c mice infected with Salmonella typhimurium. Case Reports Clinical Med., 7(12): 613-627.

			Yulistian, R. and D. Praseptiangga. 2019. Contamination level and prevalence of foodborne pathogen Enterobacteriaceae in broiler and backyard chicken meats sold at traditional markets in Surabaya, Indonesia. Malaysian Appl. Biol., 48(3): 95-103.  

			Yassin, M.T., A.A. Al-Askar, A.A.F. Mostafa and M.A. El-Sheikh. 2020. Bioactivity of Syzygium aromaticum (L.) Merr. & LM Perry extracts as potential antimicrobial and anticancer agents. J. King Saud University-Sci., 32(8): 3273-3278. https://doi.org/10.1016/j.jksus.2020.09.009. 

		

	OEBPS/image/Image234558.jpg





OEBPS/image/Image234560.png
1.4 Test Type
W MIC
MBC
1.2
1.0
£
=
£
=z 08 0.63
2
2 0.60
£
8 o6
e
3
0.4 0.34
0.2
0.0

P. mirabilis P. vulgaris
Proteus Species





OEBPS/image/Figure_2_Chromatogram_of_GC-MS_analysis_of_the_ethanolic.jpg
ozt

[i5.087.089






OEBPS/image/figure_1_DNA_product_analysis_of_Proteus_SPP.jpg
383bp





OEBPS/image/1.png
OPEN aACCESS Pakistan Journal of Agricultural Research

™

Check for

. updates
Research Article

In Vitro Investigating the Efficacy of Clove Extract Against Profeus
Spp
Safa Jabbar Mudheher* and MushtaqTalib Abdulwahid

Department of Public Health, College of Veterinary Medicine, University of Baghdad, Baghdad, Iraq.

Abstract | The study aimed to evaluate the antibacterial efficacy of clove extract against Prozeus spp isolated
from chicken meat and human urine samples. A total of 320 samples were collected including120 urine
samples from patients with urinary tract infections and 200 chicken meat samples collected from local
markets. PCR results confirmed the isolation of Proteus mirabilis from human samples (25%) and chicken
meat samples (13%), as well as the isolation of Proteus vulgaris (6.6%) and chicken meat samples (4%).
Gas chromatography-mass spectrometry (GC-MS) analysis confirmed the presence of several biologically
active compounds in cloves, including eugenol, phenol, and saponins after alcoholic extraction at a rate of
22.5%. The antibacterial activity of clove extract at different concentrations (1.25, 2.5, 5, and 10 mg/ml)
against isolates was evaluated in vitro, where the well diffusion test revealed an inhibitory activity against
the growth of P mirabilis where the diameters of inhibition zone increased with increasing extract dose. The
diameters of inhibition zones were 14.54+0.13 mm,17.52+0.18 mm, 20.70+0.16 mm, and 24.70+0.20 mm,
respectively. whereas the diameter of the inhibition zone for P vulgaris was 14.04+0.11 mm, 16.05+0.18
mm,18.20+0.26 mm and 23.00+0.18 mm, respectively. The minimum inhibitory concentration (IMIC) and
minimum bactericidal concentration (MBC) for P. mirabilis were 0.31+0.03 mg/ml and 0.60+0.11 mg/ml,
respectively, while the MIC for P. vulgaris was 0.60+0.11 mg/ml and 1.22+0.22 mg/ml, respectively. Taken
together, these findings suggest that the alcoholic extract of cloves possesses significant antibacterial activity
and could be a potential natural alternative for managing infections, particularly those related to chicken
meat and urinary tract pathogens.

Received | April 25,2025; Accepted | July 02,2025; Published | February 23,2026

*Correspondence | Safa Jabbar Mudheher, Department of Public Health, College of Veterinary Medicine, University of Baghdad, Baghdad,
Iraq; Email: sajabbar@uowasit.edu.iq

Citation | Mudheher, S.J. and M. T. Abdulwahid. 2026. In Vitro investigating the efficacy of clove extract against Proteus spp. Pakistan Journal of
Agricultural Research, 39(1): 8-19.

DOI | https://dx.doi.org/10.17582/j.pjar/2026/39.1.8.19

Keywords | Potential activity, Clove, Chicken meat, urinary tract pathogens

Copyright: 2026 by the authors. Licensee ResearchersLinks Ltd, England, UK.
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://
creativecommons.org/licenses/by/4.0/).

Introduction animal proteins globally, accounts for approximately
36% of total meat production and is valued for

Foodborne pathogens pose a significant threat to its high protein and low-fat content (Abbasi ez al,
global public health, contributing to substantial ~2020; Avi, 2024). However, contamination of chicken
illness and mortality worldwide (Tropea, 2022). meat with pathogenic microorganisms remains
Chicken meat, one of the most widely consumed a critical concern, particularly under inadequate
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