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ABSTRACT 

	Probiotic microorganisms have gained increasing attention due to their potential applications in the food, pharmaceutical, and animal production industries. The intestinal microflora of poultry and traditional fermented beverages are key sources of lactic acid bacteria (LAB). This study aimed to isolate and evaluate LAB strains from broiler chickens, traditionally raised chickens, and local fermented beverages (Bandji and Tchapalo) collected in the Abidjan district (Côte d’Ivoire) during Mai to August 2022.  A total of 36 samples (26 from poultry and 10 from fermented beverages) were collected. The isolates were tested for antimicrobial activity against multidrug-resistant Salmonella sp., sensitive Escherichia coli, ESBL-producing E. coli, and methicillin-resistant Staphylococcus aureus. Their ability to survive under acidic conditions, tolerate bile salts, produce proteolytic and lipolytic enzymes, and adhere to epithelial cells was also evaluated.	Comment by Ayowole Victor Atere N1107928: check
Of the 84 isolates tested, 47 (55.95%) exhibited inhibition zones ≥ 6 mm against all pathogens. Among these, 23 (48.93%) maintained ≥ 50% survival at pH 3.5, and 18 (78.26%) survived ≥ 20% in 0.8% bile salts. Adhesion to epithelial cells ranged from 65% to 93%, with isolate 1A (from broiler chicken) showing the highest value (93%). Enzymatic activity ranged from 7–13 mm for proteolysis and 7–9 mm for lipolysis, with isolates from Bandji and Tchapalo showing the highest activities. The results indicate that the LAB strains studied possess promising probiotic properties and could potentially be used as feed additives in poultry production.	Comment by Ayowole Victor Atere N1107928: Was this compared to the CLSI standard
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1. INTRODUCTION 

In recent decades, interest in lactic acid bacteria (LAB) has increased due to a growing awareness of their beneficial properties. LAB encompass a wide range of strains, predominantly isolated from dairy, meat, and plant sources (Roselli et al., 2025). They are valued both for their technological functions and their probiotic potential, with applications in the food, pharmaceutical, and animal nutrition industries (Yao et al., 2025).
LAB are ubiquitous and colonize diverse ecological niches, including milk, the human and animal mucosa, the gastrointestinal tract, and fermented foods. Among these, traditional fermented beverages and the chicken crop have emerged as promising reservoirs for novel probiotic strains (Tsega et al., 2023; Avci et al., 2025).
In Africa and Asia, cereal-based fermented beverages (derived from malt, barley, or wheat) harbor microbial species such as Lactobacillus plantarum, Lactobacillus acidophilus, Lactobacillus reuteri, and Lactobacillus fermentum, which are recognized for their probiotic potential (Behera et al., 2018; Sarita et al., 2025). Similarly, several Lactobacillus species isolated from the chicken intestine have demonstrated probiotic properties (Shamsudin et al., 2019).
Probiotics are not only used as dietary supplements and functional food ingredients but also exert therapeutic effects, including the prevention and alleviation of digestive disorders and the reduction of allergic diseases (Yang et al., 2024; Li et al., 2025). To be considered effective, probiotic microorganisms must fulfill several criteria: they should be safe, able to survive exposure to bile salts and gastric acidity, inhibit pathogens through antimicrobial compound production, adhere to epithelial cells to persist in the gastrointestinal tract, and modulate host immune responses (Yao et al., 2025).
In poultry production, the overuse of antibiotics has accelerated the emergence of multidrug-resistant bacteria, thereby reducing treatment efficacy and causing significant economic losses (Akpa et al., 2024). Therefore, characterizing the probiotic properties of LAB isolated from chicken crops and traditional fermented beverages is crucial for evaluating their potential role in combating antibiotic-resistant bacteria and improving poultry productivity.
The objective of this study was to evaluate the probiotic profiles of LAB strains isolated from the crops of broiler and traditionally raised chickens, as well as from traditional fermented beverages, and to assess their potential as candidate probiotics for controlling harmful microorganisms in poultry farming.

2. material and methods 

2.1 Sample collection
A total of 26 chicken crop samples were collected in Abidjan from randomly selected traditional slaughterhouses, along with 10 samples of the fermented beverages Bandji and Tchapalo purchased from local vendors. Of the crop samples, 18 were from broiler chickens and 8 from traditionally raised chickens.

2.2. Preparation of stock solutions and serial dilutions
Stock solutions were prepared by mixing 10 g of crop content or 10 mL of beverage sediment with 90 mL of buffered peptone water, followed by homogenization and incubation at 30 °C for 24 h. Serial dilutions were obtained by transferring 1 mL of stock solution into 9 mL of tryptone-salt (TS) solution, up to 10⁻⁶.

2.3. Isolation of lactic acid bacteria
LAB were isolated on Man Rogosa and Sharpe (MRS) agar supplemented with 0.1% nystatin to inhibit fungal growth. Surface plating was performed by spreading 0.1 mL of the stock or diluted suspensions onto Petri dishes. Plates were incubated at 30 °C for 24–72 h under anaerobic conditions in a jar (Eric, 2011). Pure colonies were examined by Gram staining, oxidase, and catalase tests. Presumptive LAB isolates were preserved in cryotubes at –20 °C in MRS broth supplemented with 20% (v/v) glycerol for further analyses.

2.4. Evaluation of probiotic properties
2.4.1. Antibacterial activity
Antibacterial activity was tested against four pathogens: ESBL-producing Escherichia coli, sensitive E. coli, methicillin-resistant Staphylococcus aureus, and multidrug-resistant Salmonella sp. using the agar well diffusion method (Tadesse et al., 2004). Briefly, 200 µL of pathogen suspension was incorporated into 15 mL of MRS agar. After solidification, 6 mm wells were filled with 20 µL of LAB preculture. Plates were held at 4 °C for 2 h, then incubated at 37 °C for 24–48 h. Inhibition zones were measured and classified as (-) no inhibition, weak for diameter between 0 and 3 mm, moderate for diameter between 3 and 6 mm, or strong for diameter greater than 6 mm according to Bahri (2014). 	Comment by Ayowole Victor Atere N1107928: Scientific name – should be italizised 	Comment by Ayowole Victor Atere N1107928: You can include the standard used 

2.4.2. Acid tolerance
Acid tolerance of LAB isolates was evaluated as described by Hydrominus et al. (2000). MRS broths with different pH levels (3.5, 3, and 2.5) were prepared by gradually adding 100% acetic acid to MRS broth (initial pH 6.8). For each test, 20 µL of preculture was inoculated into 2 mL of MRS broth adjusted to the desired pH. Viability was determined at T0 (immediately after inoculation) and T1 (after 2 h of incubation at 37 °C). Cultures were serially diluted up to 10⁻⁴ in physiological saline, and 100 µL of the last three dilutions were spread onto MRS agar plates. Plates were incubated at 37 °C for 48 h. Microbial counts were determined according to ISO 7218 (2007), and survival rates were calculated.

2.4.3. Bile salt tolerance
Bile salt tolerance was assessed following the method of Ourtirane (2005). Four milliliters of standard MRS broth were distributed into test tubes, and 20 µL of preculture was added. Inocula were prepared with MRS broth containing bile salts at 0.3%, 0.5%, and 0.8% (w/v). Four milliliters of each inoculum were dispensed into tubes, and 20 µL of preculture was added. Inoculated samples (0.1 mL) were surface spread on MRS agar. Controls were inoculated in the same way. All plates were incubated at 37 °C for 48 h, and survival rates were calculated as described by Ourtirane (2005).

2.4.4. Hydrophobicity (adhesion test)
Cell surface hydrophobicity was assessed according to Draksler et al. (2004). After 18 h of growth, isolates were washed twice and resuspended in saline, and OD was adjusted to 0.5–0.7 at 600 nm. One milliliter of toluene was added to 3 mL of bacterial suspension, vortexed for 90 s, and allowed to separate for 15 min. The OD of the aqueous phase was measured, and hydrophobicity was expressed as the percentage decrease compared to the initial suspension.

2.4.5. Acidification capacity
Acidification capacity was determined by monitoring pH changes after 24 h and 48 h of incubation. Titratable acidity was measured by titration with 0.1 N NaOH using phenolphthalein as an indicator, and calculated as described in AOAC (1990).

2.4.6. Proteolytic activity
Proteolytic activity was determined using MRS agar supplemented with 10% skimmed milk. Sterile Whatman paper discs were placed on the agar surface and inoculated with 20 µL of fresh LAB culture. After incubation at 37 °C for 24 h, proteolysis was observed as clear halos around the discs (Veuillemard, 1986).

2.4.7. Lipolytic activity
Lipolytic activity was assessed on modified MRS agar supplemented with 1% palm oil (Karam et al., 2012). The medium was poured into Petri dishes and allowed to solidify. Wells (6 mm diameter, 3 mm depth) were made aseptically, and 20 µL of LAB inoculum was added to each well. After 48 h incubation at 37 °C, the appearance of opaque zones around wells, due to precipitation of free fatty acids, indicated positive lipolytic activity (Guiraud, 2003).

3. results AND DISCUSSION
3.1. Antimicrobial activity of Lactic acid bacteria isolates 
A total of 84 isolates were identified as lactic acid bacteria (LAB). Among these, 47 originated from broiler chickens, 14 from traditionally raised chickens, 14 from Bandji, and 9 from Tchapalo with bacterial load ranged from 7.52 × 10⁹ to 9.22 × 10⁹ CFU/mL. Microscopic observation showed Gram-positive cocci and bacilli colonies, all negative for catalase and oxidase tests. Of the 84 isolates, 21 (25.0%) were bacilli and 63 (75.0%) were cocci. Among these 84 isolates, 28 (33.33%) were heterofermentative and 56 (66.67%) homofermentative.
All 84 isolates were tested against multidrug-resistant Salmonella sp., sensitive E. coli, ESBL-producing E. coli, and methicillin-resistant S. aureus. 
Of the 84 BL strains tested, 47 showed a strong effect on all three potential pathogens and on the reference strain, with inhibition diameters ranging from 6 to 35 mm. Of these 47 BL isolates, the majority (34) were isolated from industrially farmed chickens (Table 1). Furthermore, the two E. coli strains tested were sensitive to the antibacterial effect of all LAB isolated from industrially farmed chickens, with inhibition diameters ranging from 7 to 35 mm. In contrast, the Bandji isolates had a strong effect on methicillin-resistant S. aureus strains. Finally, among the 84 isolates tested, two from Tchapalo showed no effect on the four potential pathogenic strains targeted. 
Against Salmonella sp., inhibition zones ranged from 0 to 21 mm. Most isolates (94.05%) showed strong inhibition (>6 mm), while 4.76% exhibited weak inhibition (0–3 mm) and one isolate (1.19%) showed moderate inhibition (4–6 mm). For S. aureus, inhibition zones ranged from 0 to 27 mm. Strong inhibition was observed in 75.0% of isolates, with 23.81% and 1.19% showing weak and moderate inhibition, respectively. For E. coli ATCC, inhibition zones ranged from 0 to 35 mm, with 94.05% of isolates showing strong inhibition, 1.19% moderate, and 4.76% weak. For ESBL E. coli, inhibition ranged from 0 to 30 mm, with 75.0% strong, 2.38% moderate, and 22.62% weak. Based on these results, the 47 isolates showing inhibition ≥ 6 mm against all pathogens were selected for further testing.

Table 1. Number of Lactic acid bacteria with strong effect on pathogenic bacteria

	Origins of strains
	Total lactic acid bacteria strains
	Strong effect on the all pathogens
	Strong effect on at least 3 pathogens
	Strong effect on at least 2 pathogens
	Strong effect on at least 1 pathogen

	Industrial chicken
	47
	34
	11
	2
	0

	Traditionnal chicken
	14
	5
	4
	3
	0

	Bandji
	14
	5
	2
	7
	0

	Tchapalo
	9
	3
	2
	2
	2

	Total
	84
	47
	19
	14
	2





3.2. Acid Tolerance
The survival of LAB at different pH values was assessed (Table 2). At pH 3.5, survival rates ranged from 0% to 88%. Twenty-three isolates survived at rates ≥ 50% and were selected for subsequent analyses. At pH 3.0 and 2.5, survival rates were low (0–19%).

Table 2. Survival rate under acidic conditions of lactic acid bacteria isolates	Comment by Ayowole Victor Atere N1107928: Not clear

	Isolates
	pH 3,5
	pH 3
	pH 2,5
	Isolates
	pH 3,5
	pH 3
	pH 2,5

	1A
	73 %
	0
	0
	Jab Ib
	50 %
	0
	0

	1B
	65 %
	0
	0
	Jab Vc
	61 %
	0
	0

	4A
	82 %
	0
	0
	Jab 3E
	52 %
	9 %
	0

	4B
	76 %
	0
	0
	Jab 4D
	57 %
	0
	0

	6A
	62 %
	0
	0
	B1C
	75 %
	0
	0

	6B
	88 %
	5 %
	0
	B6A
	51 %
	0
	0

	10B
	54 %
	0
	0
	B6B
	54 %
	0
	0

	12A
	57 %
	0
	0
	B6C
	70 %
	0
	0

	17A
	68 %
	0
	0
	B6D
	52 %
	0
	0

	17B
	82 %
	0
	0
	T2B
	61 %
	7 %
	0

	17C
	51 %
	0
	0
	T4B
	70 %
	19 %
	2%

	18A
	66 %
	0
	0
	
	
	
	

















3.3. Bile Salt Tolerance
Survival in the presence of bile salts at 0.3%, 0.5%, and 0.8% was tested (Table 3). At 0.3%, survival ranged from 29% to 84%; at 0.5%, from 0% to 72%; and at 0.8%, from 0% to 63%. Eighteen isolates with survival ≥ 20% at 0.8% were selected for further analyses.

Table 3. Survival rate of lactic acid bacteria isolates under bile salt stress

	Isolates
	SB 0,3 %
	SB 0,5 %
	SB 0,8 %
	Isolates
	SB 0,3 %
	SB 0,5 %
	SB 0,8 %

	1A
	59 %
	39 %
	26 %
	Jab Ib 
	55 %
	43 %
	22 %

	4A
	56 %
	47 %
	21 %
	Jab Vc
	61 %
	58 %
	21 %

	6A
	56 %
	44 %
	36 %
	Jab 3E
	84%
	66 %
	40 %

	6B
	60 %
	53 %
	46 %
	Jab 4D
	57 %
	41 %
	20 %

	10B
	64 %
	53 %
	39 %
	B1C
	80 %
	72 %
	34 %

	17A
	77 %
	69 %
	63 %
	B6A
	62 %
	49 %
	29 %

	17B
	68 %
	62 %
	59 %
	T2B
	52 %
	37 %
	23 %

	17C
	72 %
	65 %
	61 %
	T4B
	54 %
	31 %
	22 %














3.4. Adhesion Capacity
Adhesion to epithelial cells was measured through hydrophobicity assays (Table 4). Adhesion percentages ranged from 65% to 93%. The highest adhesion (93%) was recorded for isolate 1A from broiler chickens. Eight isolates with adhesion ≥ 80% were selected, including two from broilers (1A, 6A), two from traditional chickens (Jab 4D, Jab Vc), two from Bandji (B1C, B6C), and two from Tchapalo (T2B, T4B).





Table 4. Adhesion capacity of lactic acid bacteria isolates to epithelial cells
	Isolates
	Adhesion

	1A
	93 %

	6A
	91 %

	17B
	81 %

	Jab Ib
	76 %

	Jab Vc
	84 %

	Jab 4D
	87 %

	T2B
	85 %

	T4B
	90 %

	B1C
	83 %

	B6D
	80 %

	B6C
	85 %




















3.5. Proteolytic and Lipolytic Activities
Enzymatic activities were revealed by clear halos around wells. Proteolytic diameters ranged from 7 to 13 mm, while lipolytic diameters ranged from 7 to 9 mm (Figure 1). The highest proteolytic activity was observed in isolates B6C and T2B (13 mm), and the highest lipolytic activity in isolates B1C, B6C, and T4B (9 mm).


Figure 1. Proteolytic and lipolytic activities of lactic acid bacteria isolates

3.6. Acidification Capacity
The acidifying ability of isolates was evaluated by pH reduction and titratable acidity after 24 h (Figure 2). pH values ranged from 3.4 ± 0.32 to 3.7 ± 0.15. Titratable acidity ranged from 1.92% to 2.55%, with isolate B1C (Bandji) showing the highest value (2.55%).

Figure 2. Lactic acid production capacity of lactic acid bacteria isolates


 
This study evaluated the probiotic potential of lactic acid bacteria (LAB) isolated from broiler and traditionally raised chickens, as well as from the traditional fermented beverages Bandji and Tchapalo sold in Abidjan. The analyses focused on antimicrobial activity against multidrug-resistant Salmonella sp., sensitive and ESBL-producing E. coli, and methicillin-sensitive S. aureus; tolerance to acidic and bile salt conditions; production of proteolytic and lipolytic enzymes; and adhesion capacity to epithelial cells.	Comment by Ayowole Victor Atere N1107928: Italizise all scientific names
Antimicrobial assays showed strong inhibition, with zones ranging from 0 to 31 mm depending on the pathogen. Out of 84 isolates, 47 (55.95%) exhibited inhibition zones ≥ 6 mm against all pathogens. LAB are well known for producing antimicrobial metabolites such as organic acids, hydrogen peroxide, carbon dioxide, reuterin, diacetyl, and bacteriocins, which collectively inhibit pathogenic growth (Bahri, 2014; Shamsudin, 2019).
Regarding acidification, titratable acidity ranged from 1.92% to 2.55%, with isolate B1C (Bandji) showing the highest value (2.55%). The associated pH values (3.4–3.7) confirm the strong acidifying ability of LAB, which results from sugar fermentation during growth. Similar findings were reported by Hamchache and Mansouri (2017), and higher acid production values have also been documented elsewhere (Akpa et al., 2022).
Acid tolerance tests showed that at pH 3.5, survival rates varied between 0% and 88%, with 23 isolates (48.93%) maintaining survival ≥ 50%. However, survival decreased significantly at pH 3.0 and 2.5, consistent with previous studies reporting reduced or absent viability of LAB under highly acidic conditions (O’Sullivan & Condon, 1997; Benyoucef, 2018). Nevertheless, the ability of some isolates to survive under acidic stress highlights their adaptive mechanisms, as also described by Shamsudin et al. (2019) and Meena et al. (2025).
Bile salt tolerance further confirmed the robustness of selected isolates. At 0.3%, survival ranged from 29% to 84%, while at 0.8%, survival was between 0% and 63%. Notably, 18 isolates (78.26%) retained survival ≥ 20% at 0.8% bile salts. These results align with earlier studies reporting LAB resistance to bile salt concentrations of 0.3–0.8% (Akpa et al., 2022; Tsega et al., 2023).
Enzymatic assays revealed proteolytic activity with diameters of 7–13 mm and lipolytic activity of 7–9 mm. Isolates B6C and T2B (Bandji and Tchapalo) exhibited the highest proteolytic activity (13 mm), while B1C, B6C, and T4B displayed the strongest lipolytic activity (9 mm). These findings are consistent with previous reports indicating variable proteolytic capacity (Fouzia, 2015) and limited lipolytic activity among LAB (Deeth & Touch, 2000; Brennan et al., 2002).
Finally, adhesion capacity, assessed through cell surface hydrophobicity, ranged from 65% to 93%. The highest adhesion (93%) was observed in isolate 1A (broiler chicken). Eight isolates with adhesion ≥ 80% were identified as promising candidates. These results surpass those reported by Tsega et al. (2023), who found hydrophobicity levels ranging from 26.4% to 79.3% in chicken-derived LAB isolates.
Overall, the results demonstrate that several LAB isolates possess desirable probiotic properties, including strong antimicrobial activity, tolerance to acidic and bile conditions, enzymatic activities, and high adhesion potential, supporting their possible application as probiotics in poultry production and food biotechnology.

5. CONCLUSION
The lactic acid bacteria isolated from chicken crops and traditional beverages in Côte d’Ivoire exhibit promising probiotic properties, including antimicrobial activity, acid and bile tolerance, adhesion to epithelial cells, and enzymatic functions. These strains could be developed as natural feed additives for poultry farming, providing an alternative to antibiotics and contributing to food safety and sustainable livestock production. Further in vivo studies are needed to confirm their safety and efficacy before commercial application.
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