Antibacterial potential of aqueous and hydro-ethanolic extracts of four plants against pathogens present in the poultry industry


ABSTRACT  
Antimicrobial resistance poses a significant threat to animal production, particularly poultry farming. The aim of this study was to combat avian diseases using plant extracts with antibacterial activity. Four plants, including Abrus precatorius, Heterotis rotundifolia, Sida acuta, and Tectona grandis, were used in the study. Extraction of phytochemical compounds by the Soxhlet method allowed evaporation of solvents to obtain aqueous and hydro-ethanolic extracts. The antibacterial activity of the extracts against presumptive pathogenic strains was determined using the Müller-Hinton agar diffusion method. Extraction yields showed significant differences at the 5% level, ranging from 7.33 ± 0.15 a% to 11.37 ± 0.42 a% (aqueous) and from 9.53 ± 0.15 b% to 13.5 ± 0.2 b% (hydro-ethanolic). Extracts of Abrus precatorius and Sida acuta exhibited a broad spectrum of antibacterial activity against Y. enterocolitica and S. aureus (diameter between 15 and 19 mm). The S. enterica strains studied were susceptible to both aqueous and hydro-ethanolic extracts of Tectona grandis and Abrus precatorius (diameter between 9 and 14 mm). Plant extracts active against pathogenic strains could be used to control avian pathogens, thereby ensuring food security for the population.
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1. Introduction
The poultry sector encompasses all activities related to poultry farming, as well as all processes involved in the production, processing, and marketing of their products, primarily meat and eggs (Vlaicu et al., 2024; Aruwa & Sabiu, 2024; Manju & Mondal, 2024). It constitutes a vital source of animal protein globally, representing approximately 40% of global meat production in 2020 (Vlaicu et al., 2024; Aruwa & Sabiu, 2024).
In Africa, and particularly in developing countries where traditional livestock farming remains predominant (Courtney et al., 2020), eggs and poultry meat, especially broiler chicken, are essential for ensuring food security and stimulating local economic development. In Côte d'Ivoire, it plays a major role in the national economy, both through its impact on employment and its contribution to food security. In 2022, it generated a turnover of 380 billion FCFA, a 4.75-fold increase since 2010, and represented approximately 1.5% of agricultural GDP in 2021, thus facilitating the professional integration of young people while strengthening living conditions in rural areas (Nguyen-Thanh et al., 2024; Courtney et al., 2020).
	However, this rapidly expanding sector faces various challenges, including major health problems linked to the proliferation of pathogenic microorganisms such as Salmonella spp., Escherichia coli, Clostridium perfringens, and Aspergillus flavus, which harm poultry health and product quality (Nguyen-Thanh et al., 2024; Courtney et al., 2020). Avian diseases, including Newcastle disease, salmonellosis, and aspergillosis, lead to economic losses that can reach up to 30% in some farms (Aruwa & Sabiu, 2024). Furthermore, a study by Courtney et al. (2020) revealed that colibacillosis, caused by Escherichia coli, accounted for 59% of bacterial diseases in peri-urban poultry farms in Abidjan. These situations are often linked to the intensive and excessive use of antibiotics by farmers, promoting the emergence of antimicrobial resistance (Marianelli et al., 2025; Aruwa & Sabiu, 2024). Indeed, the overuse of antibiotics in poultry farming in recent years has fostered the emergence and spread of multidrug-resistant microbial strains, particularly Salmonella sp. (Khwaza & Aderibigbe, 2025; Courtney et al., 2020). This antimicrobial resistance therefore constitutes a critical threat to public, animal, and environmental health (Marianelli et al., 2025; Aruwa & Sabiu, 2024).
Faced with the persistence of avian diseases and their economic repercussions, the search for promising and sustainable biological alternatives is essential. Among these natural alternatives is phytotherapy, due to its proven immunostimulating and antimicrobial effects (Yang et al., 2025; Vlaicu et al., 2021). Plant extracts from these plants, rich in bioactive compounds (polyphenols, alkaloids, and flavonoids), offer a dual advantage: inhibiting the proliferation of pathogens while simultaneously strengthening the immune defenses of poultry (Maha et al., 2025; Nguyen-Thanh et al., 2024).
In Côte d'Ivoire, several studies have been conducted on the bioactive potential of Alstonia boonei and Cymbopogon citratus against potentially pathogenic strains such as Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, and Candida albicans (Bonny et al., 2025). Other authors have evaluated the antimicrobial activity of Mallotus oppositifolius in poultry farming (Bonny et al., 2025; Assandi et al., 2024). Despite this research, the bioactivity of plant species such as Abrus precatorius, Heterotis rotundifolia, Sida acuta, and Tectona grandis against avian pathogens remains undocumented. The objective of this work is to demonstrate the bioactivity of aqueous and hydro-ethanolic extracts of these local plants on the reduction of avian pathology.

2. Material and Methods

2. 1 Material

The plant material consisted of leaves from plants with antibacterial potential, namely: Abrus precatorius, Heterotis rotundifolia, Sida acuta, and Tectona grandis (Figure 1). All these plants were collected from traditional medicine vendors at the wholesale market (Marché Gouro) in Adjamé, Abidjan District, Côte d’Ivoire, and subsequently identified by the National Floristic Center (CNF) of the Félix Houphouët-Boigny University of Côte d’Ivoire.






The bacterial strains tested were composed of presumptive strains of E. coli (4), S. aureus (4), S. enterica (4), and Y. enterocolitica (4), all implicated in avian diseases. The reference strains used for quality control came from the Collection of the Pasteur Institute of Ivory Coast, namely: Staphylococcus aureus ATCC 25923, E. coli ATCC 25922, Y. enterocolitica ATCC 33114 and S. enterica ATCC 35664.
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[bookmark: _Toc202507414]
Fig. 1. Plant material used
           A. Abrus precatorius; B. Heterotis rotundifolia; C. Tectona grandis; D. Sida acuta
2. 2 Methods
2.2.1 Obtaining plant extracts
Fresh leaves of Abrus precatorius, Tectona grandis, Sida acuta, and Heterotis rotundifolia, collected from the wholesale market, were washed, cut into small pieces, and then dried in the laboratory in the shade at 18°C ​​for two weeks. Once dried, the leaves were ground into a fine powder using a Smart Technology STPE 1020G mixer. Aqueous and 70% hydro-ethanolic extracts of the different leaf powders were obtained according to the method described by Arogbodo et al. (2021) (Figure 2). For 100 grams of powder from each leaf, two liters of distilled water were added to each powder, and the mixture was then homogenized in a SMART Technology STPE 1020G mixer (China). The resulting mixture was filtered through a 0.8 mm mesh sieve. The total filtrate was then subjected to three successive filtrations. The final filtrate was dehydrated in an MDL-type oven, BINDER®, Germany, at a temperature of 50°C for four days. The dry evaporate was collected as a powder, thus constituting the various aqueous extracts.
 The preparation of the hydro-ethanolic extract followed the same procedure as that of the aqueous extract, except that the leaf powder used was homogenized in 70% ethanol (ethanol-distilled water mixture: 70/30, v/v). The recovered dry evaporate is presented in powder form. Following the extraction, the different yields of each plant were calculated according to the following formula :

𝑟 =	× 100
𝑚
𝑀




r : yield 
m : mass of dry extract obtained
M : leaf powder used
Filtrate 1
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                           Fig. 2. Diagram of plant extract production
         


[bookmark: _Toc202582512]2.2.2 Characterization of strains
2.2.2.1 Phenotypic and biochemical identification

The test bacterial strains, revived in Brain Heart Broth (BHC) (Bio-Rad, France) for 24 hours at 37°C, were sub-cultured onto nutrient agar (Bio-Rad, France). Colonies isolated during previous studies underwent phenotypic identification followed by biochemical identification using catalase and oxidase tests, and Le Minor minimal gallery staining. Identification was completed with Gram staining and wet mount examination.

2.2.2.2 Molecular Identification
[bookmark: _Toc202582514]Molecular identification by polymerase chain reaction (PCR) was performed on the different bacterial strains (Salmonella enterica, Escherichia coli, Staphylococcus aureus, Yersinia enterocolitica). The operation was carried out in several steps, including the extraction of genomic DNA, the amplification of the 16S gene characteristic of the bacterial species, and the visualization of the amplification products.

2.2.2.2.1 DNA extraction
Salmonella enterica, Escherichia coli, Staphylococcus aureus, and Yersinia enterocolitica strains were revived on ordinary agar (Bio-Rad, France) and incubated at 37°C for 24 h. The genomic DNA of the strains was extracted by thermal lysis and purified according to the method described by Traoré et al. (2024). Three (3) identical, well-isolated colonies of each strain were collected and suspended in 1 mL of sterile RNase-free water. A 200 μL aliquot of each suspension was transferred to pre-labeled sterile Eppendorf tubes. The tubes were incubated at -20°C for 15 minutes, then at 95°C for 15 minutes to induce thermal shock. After centrifugation at 14,000 rpm for 10 min, the supernatant was collected in sterile Eppendorf tubes. The extracted DNA was stored at -20°C and used as a template for polymerase chain reaction (PCR).


                                       2.2.2.2.2 Preparation of the reaction mixture (Mix)
[bookmark: _Toc111545674][bookmark: _Toc198993706][bookmark: _Toc202582516]	The reaction mixture was prepared according to the method described by Yu et al. (2020). This 25 μL reaction mixture consisted of 16 μL of sterile Milli-Q water (milli-Q™, Millipore Corporation, USA), 5 μL of 5X concentration loading buffer, 1.5 μL of MgCl2, 2 mM (Promega Corporation, Madison, WI 53711-5399, USA), 0.2 μL of 10 mM dNTPs, 0.1 μL of each primer, 10 mM (Integral DNA Technology, California, USA), 0.1 μL of Go Taq® G2 Flexi DNA polymerase with a final concentration of 1.5U (Promega Corporation, Madison, WI 53711-5399, USA) and 2 μL of the DNA template. Sterile RNase Free water and reference strains were used respectively as negative control and positive control for each PCR reaction operation.
                                                          
                                                   2.2.2.2.3- 16S gene amplification
[bookmark: _Toc111545678][bookmark: _Toc198993708][bookmark: _Toc202582517]	16S rDNA gene amplification was performed according to the method described by Benie et al., (2021) using primers 27F (5'-AGAGTTTGATCMTGGCTCAG-3') and 1492R (3'TACGGYTACCTTGTTACGACTT-5'). The amplification program consisted of an initial 5-min denaturation at 94°C, followed by 35 cycles comprising denaturation (94°C for 30 s), hybridization (55°C for 40 s), and extension (72°C for 30 s), with a single final 10-min extension at 72°C.

                                                2.2.2.2.4 Electrophoresis of amplification products
[bookmark: _Toc202582518]   	Electrophoresis of the amplification products was performed on 1% gels. A 3 μL volume of a molecular weight marker (Bench Top, 1 kb DNA Ladder, Promega Corporation, USA) introduced into the gel was used as a reference scale. The gene amplification products were visualized on the agarose gel after migration at 120 V for 30 min and visualized by illumination on a UV plate of a Trans-illuminator lighting device and photographed (Bio-Rad, Gel Doc EZ Imager, USA). The DNA band and its size were identified relative to the positive control and the molecular weight marker, respectively.


[bookmark: _Toc202582519]2.2.3 Antimicrobial activity
                                        2.2.3.1 Diffusion test in agar medium
[bookmark: _Toc202582520]The in vitro antibacterial activity of the extracts was evaluated against four (4) potentially pathogenic bacterial strains: Salmonella enterica, Escherichia coli, Staphylococcus aureus, and Yersinia enterocolitica. The in vitro antibacterial activity of the aqueous and hydro-ethanolic extracts of the different plants was assessed using the agar diffusion method.


                 2.2.3.2 Revival of strains and preparation of the inoculum
[bookmark: _Toc202582521]The previously identified bacterial strains, stored at -80°C, were subcultured onto Müeller-Hinton agar and incubated at 37°C for 24 hours. Two (2) young colonies were then collected and bubbled into 10 mL of sterile distilled water. The turbidity of this suspension was adjusted to an OD of 0.063 at 600 nm, corresponding to a 0.5 MacFarland standard (10⁸ bacteria/mL).
                2.2.3.3 Solubilization of plant extracts
Two hundred milligrams (200 mg) of aqueous or hydro-ethanolic extract were each dissolved in one milliliter of distilled water to obtain an extract solution with a concentration of 200 mg/mL. The resulting solutions were then autoclaved at 121°C for 15 min, and sterile distilled water was used as a negative control.

             2.2.3.4 Performing the diffusion test in agar medium
The antibacterial activity of the plant extracts was evaluated using the agar diffusion test as described by Benie et al. (2021), modified. The previously prepared bacterial suspension was inoculated by swabbing onto a Petri dish containing Müller-Hinton agar (Bio-rad, France).  Initially, blank 9 mm discs were impregnated with the different plant extracts by soaking them in the solubilized extract solutions and then dried for 25 min at 37°C. These impregnated discs were then carefully placed on the agar. A disc impregnated with distilled water, representing the negative control, and a disc impregnated with ciprofloxacin, representing the positive control, were also placed on the agar plates. 
[bookmark: _Toc202582523]Finally, the Petri dishes inoculated and containing the discs soaked in extract were left for 2 hours at room temperature for pre-diffusion of the substances, then incubated in an oven for 24 hours at 37°C. The antibacterial activity of plant extracts is reflected by the appearance of inhibition zones around the discs. This is assessed by measuring the diameter of the inhibition zone produced around the discs using calipers or a ruler.

2.2.3.5 Determination of minimum inhibitory and bactericidal concentrations of extracts
[bookmark: _Toc202582524]2.2.3.5.1 Determination of minimum inhibitory concentrations (MIC)

By definition, the minimum inhibitory concentration (MIC) is the lowest concentration at which an extract is capable of inhibiting the development or growth of a particular microorganism. The MIC of an extract against a given strain will be the lowest concentration showing no visible growth of the microorganism.
The various MICs were determined in liquid medium using sterile hemolysis tubes. Therefore, ranges of concentrations of the different extracts to be tested were prepared in seven hemolysis tubes using the double dilution method in liquid medium. Ten milliliters of each extract, concentrated at 200 mg/mL, were prepared and sterilized in an autoclave at 121°C for 15 minutes. For each extract, a range of sterile concentrations of 200, 100, 50, 25, 12.5, and 6.25 mg/mL was prepared in hemolysis tubes. Also for each bacterial strain, an inoculum of 108 bacteria/mL was prepared in twice concentrated Mueller-Hinton broth.
Next, using the double dilution method, 1 mL of bacterial inoculum was added to each tube in the extract range. The concentration range of each extract was then diluted by half and is as follows: 100, 50, 25, 12.5, 6.25, and 3.12 mg/mL. A positive control tube containing 1 mL of sterile distilled water and 1 mL of inoculum, and a negative control tube containing 1 mL of sterile distilled water and 1 mL of sterile Mueller-Hinton broth, were also prepared. The prepared tubes were incubated at 37°C for 24 hours. After incubation, bacterial growth in each tube, indicated by turbidity of the medium, was observed. The MIC of the extract against a given strain will therefore be the lowest concentration showing no visible growth or turbidity of the bacteria.

         2.2.3.5.2 Determination of minimum bactericidal concentrations (MBC)
The minimum bactericidal concentration (MBC) is defined as the smallest dose capable of killing the microorganism. After inoculating the tubes during the MIC determination, a bactericidal control was prepared from the inoculum. Using a calibrated 10 µL platinum loop, dilutions of 10⁻¹, 10¹, 10⁻², 10⁻³, and 10⁻⁴ of the inoculum, corresponding to 100%, 10%, 1%, 0.1%, and 0.01% of bacteria in suspension, respectively, were inoculated in strips onto Mueller-Hinton agar in a Petri dish. The Petri dish was incubated at 37°C for 24 hours. After reading the MIC, sub-culturing in strips from tubes showing no visible growth was performed onto Petri dishes containing Mueller-Hinton agar. These plates were then incubated at 37°C for 24 h. After incubation, the strips were compared to the bactericidal control. In practice, the MBC corresponds to the lowest concentration at which sub-culturing shows bacterial growth less than or equal to the number of colonies observed at the 10⁻⁴ dilution (0.01% survivors). 

[bookmark: _Toc202582526]            2.2.3.5.3 Evaluation of the bactericidal or bacteriostatic effect of the extracts

The CMB/MIC ratio clarified the mode of action of the extracts. When the CMB/MIC ratio is less than or equal to 2, the substance is considered bactericidal. Conversely, if this ratio is greater than 2, the substance is considered bacteriostatic (Olennikov et al., 2014).
     
          2.3 Data Analysis

Statistical analyses were performed using IBM SPSS version 26 software package (IBM Corporation, Somers, NY) by applying Pearson’s chi-squared test. The statistical significance level was set at p < 0.05. Heatmap analysis revealed clusters of configurations and extract efficiency.












3. RESULTS
[bookmark: _Toc202582540]3.1 Yield of plant extracts

After obtaining the powders and extracts, the results indicate that extraction yields vary depending on the plant and the solvent used (Figure 3). Yields of aqueous extracts from all plant leaves ranged from 7.33 ± 0.15 a% to 11.37 ± 0.42 a%, while hydro-ethanolic extracts ranged from 9.53 ± 0.15 b% to 13.5 ± 0.2 b% (Table 1). The aqueous (11.37 ± 0.42 a%) and hydro-ethanolic (13.5 ± 0.2 b%) extracts of Abrus precatorius exhibited the highest extraction yields (Table 1). The results show significant differences at the 5% level between aqueous and hydro-ethanolic extractions from the same plant (Table 1).








                                                     Fig. 3. Plant powder and extract
A1: Heterotis rotundifolia powder; B1: Tectona grandis powder; C1: Sida acuta powder; D1: Abrus precatorius powder: A2: Heterotis rotundifolia extract; B2: Tectona grandis extract; C2: Extract from Sida acuta; D2: Extract from Abrus precatorius.









Table. 1. Extraction yields




	Plants
	Extraction
	Yield (%)

	Abrus precatorius 
	Aqueous
	11,37±0,42a

	
	Hydro-ethanolic
	13,5±0,2b

	Heterotis rotundifolia 
	Aqueous
	10,47±0,25a

	
	Hydro-ethanolic
	12,3±0,1b

	Sida acuta 
	Aqueous
	10,7±0,2a

	
	Hydro-ethanolic
	11,3±0,2b

	Tectona grandis 
	Aqueous
	7,33±0,15a

	
	Hydro-ethanolic
	9,53±0,15b



                3.2 Identified bacterial strains

Phenotypic and biochemical characteristics, along with molecular identification, allowed for the selection of sixteen (16) bacterial strains to test the antibacterial activity of plant extracts (Table 2). Electrophoretic profiling confirmed the presence of bacteria (Escherichia coli, Yersinia enterocolitica, Staphylococcus aureus, and Salmonella enterica) (Figure 4).

Table 2. Identified bacterial strains

	Identification
	Bacterial strains
	
	Number (n)
	Percentage (%)

	
	Y. enterocolitica (n = 10) 
	E. 
coli
(n = 10)
	S. 
aureus
(n = 10)
	S. enterica
(n = 10)
	
	40
	100 %

	Phenotypical
	07
	9
	8
	7
	
	31
	77,5%

	Biochemical  
	06
	7
	7
	6
	
	26
	65,0%

	Molecular
	04
	04
	04
	04
	
	16
	40,0%
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[bookmark: _Toc202507418]                  Fig 4 : Electrophoretic profile of the 16S rRNA gene of the studied organisms
E: presence of E. coli; Y: presence of Y. enterocolitica; Sa: presence of S. aureus; S: presence of S. enterica CP: Positive Control; CN: Negative Control; M: Molecular weight marker (Bench Top, 1500 bp DNA Ladder, Promega Corporation, USA).

[bookmark: _Toc202582543][bookmark: _bookmark106]    3.3 Antibacterial activity of plant extracts

Aqueous and hydro-ethanolic extracts of Tectona grandis, Abrus precatorius, Heterotis rotundifolia, and Sida acuta exhibited a range of antibacterial activity against the studied strains (Table 3). Analysis of the results shows that the extracts of Abrus precatorius and Sida acuta displayed a broad spectrum of antibacterial activity against Y. enterocolitica and S. aureus. All the S. enterica strains studied were susceptible to the aqueous and hydro-ethanolic extracts of Tectona grandis and Abrus precatorius (Table 3). The S. aureus strains, on the other hand, were highly susceptible to all the plant extracts studied.


[bookmark: _Toc202473335][bookmark: _Hlk213321072]Table 3. Antimicrobial activity of plant extracts
	       Plant extracts

Germs tested
	Tectona 
grandis
	Abrus 
precatorius
	Sida
acuta
	Heterotis
rotundifolia

	
	EAQ
	EHE
	EAQ
	EHE
	EAQ
	EHE
	EAQ
	EHE

	E. coli
	S
	S
	-
	-
	S
	S
	S
	S

	Y. enterocolitica
	-
	-
	TRS
	TRS
	TRS
	TRS
	S
	S

	S. enterica
	S
	S
	S
	S
	-
	-
	-
	-

	S. aureus
	TRS
	TRS
	TRS
	TRS
	TRS
	TRS
	TRS
	TRS



EAQ: Aqueous extract ; EHE: Hydro-ethanolic extract ; TRS: Very sensitive : Large inhibition zone (diameter between 15-19 mm); S: Sensitive: medium inhibition zone (diameter between 9-14 mm) (-) No activity (Absence of inhibition zone)

[bookmark: _Toc202582544]         3.4 Grouping of strain sensitivity to extracts

The hierarchical heat map shows differences in the sensitivity of the strains used to the aqueous and hydro-ethanolic extracts. These differences are represented by a color key with a gradient or scale decreasing from red to green (Figure 5). This heat map analysis allowed the strains to be classified according to the aqueous and hydro-ethanolic extracts into two main groups, labeled I and II (strains), and A and B (extracts). Group I is subdivided into two subgroups, I1 (E. coli) and I2 (Y. enterocolitica), and exhibits sensitivity to the aqueous and hydro-ethanolic extracts of Sida acuta and Heterotis rotundifolia (Figure 5). Group II consists of S. aureus and S. enterica, which are highly sensitive to the aqueous and hydro-ethanolic extracts of Tectona grandis and Abrus precatorius, which are very different from the strains. Group A is subdivided into two subgroups, A1 (Sida acuta) and A2 (Heterotis rotundifolia), and exhibits activity against almost all the strains studied (Y. enterocolitica, S. aureus, and E. coli) (Figure 5). Group B is subdivided into two subgroups, B1 (Tectona grandis) and B2 (Abrus precatorius), and shows strong activity against S. aureus. Thus, based on this analysis, it appears that the aqueous and hydro-ethanolic extracts of Abrus precatorius and Sida acuta showed the best anti-aquatic activity against all the strains studied (Figure 5).
[image: ]
[bookmark: _Toc202582545]                       









[bookmark: _Toc202507421]Fig. 5. Grouping of strain sensitivity to aqueous and hydro-ethanolic extracts


            3.5 Plant activity levels on the studied strains




	Analysis of the MBC/MIC ratio results shows that the aqueous and hydro-ethanolic extracts of Tectona grandis are bactericidal (Y. enterocolitica) and bacteriostatic (S. aureus) (Table 4). These same aqueous and hydro-ethanolic extracts of Sida acuta are bactericidal against S. aureus and Y. enterocolitica strains with MBC/MIC ratios less than or equal to two (2) (Table 4). As for the aqueous and hydro-ethanolic extracts of Abrus precatorius, they exhibit bacteriostatic activity against Y. enterocolitica and S. aureus strains with MICs ranging from 12.5 to 25 and MBCs ranging from 50 to 100 (Table 4). No significant bactericidal and bacteriostatic activity was observed with the aqueous and hydro-ethanolic extracts of the different plants on E. coli and S. enterica (Table 4).
20



	         Extract  



Bacterial strains
	Tectona  grandis
	Abrus precatorius
	Sida acuta
	Heterotis rotundifolia

	
	Aqueous extract
	Hydro-ethanolic extract
	Aqueous extract
	Hydro-ethanolic extract
	Aqueous extract
	Hydro-ethanolic extract
	Aqueous extract
	Hydro-ethanolic extract

	
	MIC
	MBC
	MBC/MIC
	MIC
	MBC
	MBC/MIC
	MIC
	MBC
	MBC/MIC
	MIC
	MBC
	MBC/MIC
	MIC
	MBC
	MBC/MIC
	MIC
	MBC
	MBC/MIC
	MIC  
	MBC
	MBC/MIC
	MIC
	MBC
	MBC/MIC

	E. coli
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	100
	100
	1
	100
	>100
	-
	100
	>100
	-
	100
	>100
	-

	Yersinia 
	50
	100
	2
	50
	100
	2
	12,5
	50
	4
	25
	100
	4
	25
	100
	4
	50
	100
	2
	100
	100
	1
	100
	>100
	-

	S. enterica
	100
	>100
	-
	100
	>100
	-
	50
	>100
	-
	100
	>100
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	S. aureus
	12,5
	50
	4
	25
	100
	4
	25
	100
	4
	50
	100
	2
	100
	100
	1
	100
	100
	1
	100
	>100
	-
	>100
	-
	-



[bookmark: _Toc202473336]Table 4. Minimum inhibitory concentration (MIC) and bactericidal concentration (MBC) of the extracts in mg/mL




MIC: Minimum Inhibitory Concentration; MBC: Minimum Bactericidal Concentration


4. Discussion
Antimicrobial resistance (AMR) is a significant public health issue affecting the agri-food industry, particularly poultry farming. Antimicrobial resistance poses a growing threat to both poultry and humans, making the search for alternatives to synthetic antibiotics particularly urgent (Marianelli et al., 2025; Vlaicu et al., 2021). It is within this context of urgent and effective solutions that this work was initiated to contribute to the fight against avian diseases through the use of plant extracts with antimicrobial activity (Khwaza & Aderibigbe, 2025; Marianelli et al., 2025).
Indeed, aqueous and hydro-ethanolic extracts of various medicinal plants from the Ivorian pharmacopoeia, including Abrus precatorius, Heterotis rotundifolia, Sida acuta, and Tectona grandis, were tested on various pathogenic strains of avian origin. Extraction yields revealed notable differences between the species used. In general, hydro-ethanolic extracts showed higher yields, which can be attributed to ethanol's ability to solubilize a broader spectrum of bioactive compounds, as previously mentioned by Kouadio et al. (2015). This observation was also made by Arogbodo et al. (2021), who highlighted the efficiency of ethanol in extracting secondary metabolites.
The aqueous (11.37 ± 0.42 a%) and hydro-ethanolic (13.5 ± 0.2 b%) extracts of Abrus precatorius showed the highest extraction yields, while Tectona grandis showed the lowest, at 7.33 ± 0.15 a (aqueous) and 9.53 ± 0.15 b (hydro-ethanolic). The observed differences in extraction yields could likely be explained by the chemical composition and maturity of the leaves used, as well as the extraction technique employed (Yang et al., 2025; Nozohou et al., 2021).
Indeed, the extraction potential of a solvent could be explained by its affinity for the available phytomolecules. Also, this extraction capacity could be explained by the polarity of the solvent (Nair et al., 2018; Nozohou et al., 2021).
In addition to this diversity in yield, the sensitivity tests performed with the extracts show that the susceptibility of bacterial strains varies from one strain to another depending on the type of extract. Overall, extracts of Tectona grandis and Sida acuta demonstrated significant activity, particularly against Staphylococcus aureus and Yersinia enterocolitica, with significant inhibition zone diameters in agar medium (Nguyen-Thanh et al., 2024; Merino et al., 2019). 
These results are consistent with those obtained by Kouadio et al. (2015), who observed similar effects with Mallotus oppositifolius and Kalanchoe crenata against multidrug-resistant strains of Salmonella spp., confirming the therapeutic potential of certain species in the Ivorian pharmacopoeia.
The hierarchical heat map revealed differences in the sensitivity of the strains used to aqueous and hydro-ethanolic extracts. Through this heat map analysis, the studied strains were classified into two main groups, labeled I and II (strains), based on their sensitivity to aqueous and hydro-ethanolic extracts. Group I, comprising subgroups I1 (E. coli) and I2 (Y. enterocolitica), showed sensitivity to both aqueous and hydro-ethanolic extracts of Sida acuta and Heterotis rotundifolia. Similar findings were reported by Merino et al. (2019), who demonstrated the role of medicinal plants in the treatment of human mycoses.
Group II consisted of S. aureus and S. enterica, which exhibited extreme sensitivity to both aqueous and hydro-ethanolic extracts of Tectona grandis and Abrus precatorius (Khwaza & Aderibigbe, 2025; Merino et al., 2019). It appears that the aqueous and hydro-ethanolic extracts of Abrus precatorius and Sida acuta exhibited the best antibacterial activity against all the strains studied. The wide range of observed antibacterial activity could be explained by the presence and varying proportions of phytochemicals available in the plant extracts.
5. Conclusion
This study established the antibacterial activity of Abrus precatorius, Heterotis rotundifolia, Sida acuta, and Tectona grandis against potentially pathogenic strains of avian origin. It also highlighted the potential of aqueous and hydro-ethanolic extraction methods for different plants. Extraction yields showed significant differences at the 5% level. Extracts of Abrus precatorius and Sida acuta exhibited a broad spectrum of antibacterial activity against Y. enterocolitica and S. aureus. The S. enterica strains studied were susceptible to both aqueous and hydro-ethanolic extracts of Tectona grandis and Abrus precatorius. A toxicity study combined with phytochemical screening would further determine the bioactive potential of the investigated extracts.
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