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ABSTRACT ARTICLE INFORMATION 

Background: The Lactobacillus genus is the most widespread lactic acid bacteria (LAB) species 
globally. These bacteria are known for their probiotic properties, which benefit human health.  
Aims: This study aims to identify and screen the principal probiotic selection criteria of five 
Lactobacillus strains isolated from Klila, a traditionally fermented cheese product from Algeria, 
in vitro. 
Materials and Methods: The main probiotic selection criteria were screened in vitro through 
biochemical and physiological tests, such as tolerance to low pH, bile salts, and phenol, their 
aggregation capacity, cell surface hydrophobicity, antibiotic sensitivity, and antimicrobial 
activity. Sequencing the 16S-rRNA gene identified the five isolates as Lactobacillus plantarum 
(LP1, LP2, LP3, and LP4) and Lactobacillus fermentum (LF1).  
Results: The experimental results showed that all five isolates survived after exposure to low pH 
(2.2) for 3 hours. They also showed tolerance to bile salts ranging from 57.67 to 70.68% and 
0.4% phenol, ranging from 39.22 to 61.01%. The auto-aggregation capacity varied between 
31.35% and 57.38%, while co-aggregation varied respectively from 14.57% to 22.17% with 
Escherichia coli, from 13.04% to 23.62% with Staphylococcus aureus, and from 11.15% to 
17.03% with Candida albicans. The hydrophobicity towards xylene ranged from 41.67 to 
60.47%, and the biofilm formation ability ranged from 32.94 to 70.19%. Isolate LF1 presented 
the highest hydrophobicity and biofilm formation percentages, with 60.47 and 70.19%, 
respectively. All five isolates demonstrated significant antioxidant capacities, suggesting their 
potential to improve food preservation and health benefits. Exceptional antimicrobial activities 
were revealed against the tested food-borne pathogens, ranging from 12.6 to 45 mm. A safety 
profile was shown without hemolytic, gelatin liquefaction, or coagulase activity.  
Conclusion: The Lactobacillus bacteria isolated from Klila presented physiological 
characteristics that make them potential probiotic candidates beneficial for health. 
Keywords: Lactobacillus; Lactic Acid Bacteria; Probiotic Potential; Antimicrobial Activity; 
Traditional Algerian Cheese. 
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1  INTRODUCTION 

Lactobacillus species possess remarkable adaptability to 
diverse environments and are endowed with specific 
enzymatic machinery and physiological mechanisms that 
enable them to metabolize a broad spectrum of carbohydrates 
and energy sources necessary for proliferation. These 
attributes render Lactobacillus the predominant genus among 
lactic acid bacteria (LAB) found in nature (Dempsey & Corr, 
2022). Consistent with other LAB, the Lactobacillus genus 
comprises Gram-positive, short rod-shaped, non-motile, 
facultatively anaerobic, catalase-negative, oxidase-negative, 
and non-spore-forming (Ibrahim, 2016; Limsowtin et al., 

2002). The majority of Lactobacillus species can thrive in 
environments with elevated salt concentrations 
(approximately 6.5%) and tolerate diverse challenging 
conditions, such as high acidity and bile salts. Furthermore, 
their high adhesive and hydrophobic properties render the 
digestive tract a favorable environment for their proliferation 
(Menconi et al., 2014).  

Given their varied natural sources, encompassing a major 
component of the indigenous flora of fermented dairy and 
non-dairy products, and their capacity to colonize the 
digestive tract, Lactobacillus and LAB generally exhibit 
significant probiotic attributes and confer numerous health 
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benefits (Shi et al., 2016). The International Scientific 
Association of Probiotics and Prebiotics (ISAPP) describes 
probiotics as live microorganisms that, when administered in 
adequate amounts, confer a health benefit on the host (Hill et 
al., 2014). To be classified as probiotics or functional foods, 
fermented products must contain a minimum concentration 
of one million colony-forming units per gram or milliliter 
(CFU/mL or CFU/g) of viable microorganisms, demonstrate 
the ability to survive passage through the human digestive 
tract, and offer verifiable health advantages to the host 
(Tavakoli et al., 2017). 

Klila is a traditional fermented cheese produced through 
the spontaneous fermentation of goat, sheep, or camel milk 
within a "Chekoua" (a pouch crafted from tanned goat skin). 
Following the separation and drainage of the whey, the cheese 
undergoes salting, drying, and occasional flavoring with 
regional seasonings. Klila is frequently utilized for culinary 
applications but can also be consumed fresh, prior to drying, 
establishing it as a prominent variety of traditional Algerian 
cheese (Benamara et al., 2022; Leksir et al., 2019). As a dry 
cheese, previous studies have yielded contradictory results 
regarding the diversity and richness of Kilal’s lactic bacterial 
flora. It has been considered a valuable source of LAB, 
particularly strains exhibiting slow growth rates and 
adaptation to challenging conditions of water activity (Aw) 
and osmotic pressure (Doukaki et al., 2024; Hadef et al., 
2023). Conversely, it has also been considered a poor source 
due to its low water content (Benamara et al., 2022). 

The present study aimed to isolate and characterize the 
probiotic properties of specific Lactobacillus strains 
comprising the indigenous flora of traditionally produced 
Klila cheese. In addition, this research seeks to evaluate the 
relevance of Klila cheese as a potential source of functional 
and probiotic microorganisms, particularly considering its 
characteristics as a hard, dry, and relatively saline food, and to 
evaluate to what extent these attributes affect the properties 
of the isolated LAB. 

2  MATERIAL AND METHODS  

2.1 Isolation and Phenotypic 
Characterization of LAB  

A total of 21 LAB isolates were obtained from three 
samples of Klila, a traditional Algerian fermented cheese 
sourced from the Wilaya of Mascara (western Algeria). Five 
isolates exhibiting superior probiotic attributes, including 
resistance to simulated gastric conditions, aggregation 
properties, antimicrobial activity, and a favorable safety 
profile, were selected and genetically identified. 
Homogenized samples (20 g) were serially diluted tenfold 
using 0.9% sterile physiological saline solution. Aliquots from 
the final dilutions were subsequently inoculated onto de Man, 

Rogosa, and Sharpe (MRS) agar medium (Liofilchem® s.r.l., 
Roseto degli Abruzzi, Italy), adjusted to pH 5.7 ± 0.1. Plates 
were incubated anaerobically at 37°C for 48 hours using 
incubation jars. The isolated colonies were consecutively 
purified using the streaking method on MRS agar. 
Subsequently, phenotypic characterization was conducted 
using Gram staining, catalase test, oxidase test, motility test, 
and identification of cell morphology. Isolates were 
cryopreserved at -20°C in MRS broth supplemented with 
25% glycerol (Soda et al., 2003). 

2.2 Genotypic Identification of LAB  

The different DNAs were extracted from pure, young 
cultures using the GF-1 Nucleic Acid Extraction Kit (Vivantis 
Technologies Sdn Bhd, Selangor, DE, Malaysia), following 
the protocol described by O’Sullivan and Klaenhammer 
(1993) with minor modifications. Polymerase chain reaction 
(PCR) amplification was conducted using a thermocycler 
(iCycler Bio-Rad, USA) with specific primers (27F: 5'-AGA 
GTT TGA TCC TGG CTC AG-3’ and 1492R: 5'-CCG 
TCA ATT CCT TTG AGT TT-3’) (Edwards et al., 1989). 
Consensus sequences were analyzed by comparison with the 
GenBank database. 

2.3 Assessment of the Probiotic Capabilities 
of LAB  

Acid Tolerance  

The acid tolerance of LAB strains under simulated human 
digestion conditions was evaluated using the method 
delineated by Botta et al. (2014). Briefly, 0.1 mL aliquots of 
young bacterial cultures, grown in MRS liquid medium to a 
concentration of 108 CFU.mL⁻¹, were centrifuged at 6000 
rpm for 15 minutes. The resulting pellet was resuspended in 
MRS liquid medium adjusted to pH 2.2. Subsequently, these 
suspensions were incubated at 37°C for three hours (Li et al., 
2020). Absorbance was measured at 600 nm. Tolerance 
percentage was determined using the following formula: 

 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 (%)

=  
(𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑜𝑜 𝑇𝑇𝑇𝑇𝑇𝑇𝑐𝑐𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝑇𝑇𝑇𝑇𝑐𝑐ℎ − 𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑜𝑜 𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑇𝑇 𝐴𝐴𝑇𝑇𝑇𝑇𝑐𝑐ℎ)

𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑜𝑜 𝑇𝑇𝑇𝑇𝑇𝑇𝑐𝑐𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝑇𝑇𝑇𝑇𝑐𝑐ℎ
× 100 

 

Bile Salt Tolerance  

Briefly, 1 mL aliquots of young bacterial isolates grown in 
MRS liquid medium to a concentration of 108 CFU.mL-1 
were centrifuged at 6000 rpm for 15 minutes. The resultant 
pellet was suspended in 1 mL MRS liquid medium containing 
0.3% (w/v) bile salts (Loba Chemie, Mumbai, India). For 
control purposes, 1 mL of MRS liquid medium without bile 
salts was added to sterile Eppendorf tubes containing 1 mL of 
the same bacterial pellets. All suspensions were incubated at 
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37°C for 4 hours (Nami et al., 2019). Viability percentage was 
determined by measuring the absorbance at 600 nm, using the 
following formula: 

 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 (%)

=  
(𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑎𝑎𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑐𝑐𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝑇𝑇𝑇𝑇𝑐𝑐ℎ − 𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑎𝑎𝑇𝑇 0.3% 𝐴𝐴𝑎𝑎𝑇𝑇𝑇𝑇 𝐴𝐴𝑇𝑇𝑇𝑇𝑐𝑐ℎ)

𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑎𝑎𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑐𝑐𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝑇𝑇𝑇𝑇𝑐𝑐ℎ
× 100 

 

Auto-Aggregation and Co-Aggregation 
Assessments  

The aggregation capability of LAB was assessed utilizing 
the methodology outlined by Collado et al. (2008). Briefly, 
after centrifugation at 6000 rpm for 15 minutes, overnight 
cultured LAB cell pellets were harvested, washed twice with 
Phosphate-Buffered Saline (PBS), and resuspended in the 
same buffer. These suspensions were vortexed, and the initial 
absorbance (Ai) of each cell suspension measured at 620 nm. 
The suspensions were then incubated at 37°C for four hours, 
and the final absorbance (Af) was measured. The percentage 
of auto-aggregation was calculated using the following 
formula: 

 

𝐴𝐴𝐴𝐴𝑐𝑐𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝐴𝐴𝑇𝑇𝑐𝑐𝑎𝑎𝑇𝑇𝑇𝑇 (%) = 1 − �
𝐴𝐴𝑓𝑓
𝐴𝐴𝑖𝑖
� × 100 

 

To determine the percentage of co-aggregation between 
LAB and C. albicans ATCC 10231, E. coli ATCC 25922, and 
S. aureus ATCC 25923, equal volumes of LAB isolates and 
pathogens were combined and incubated at 37°C for four 
hours without shaking. The co-aggregation percentage was 
determined using the aforementioned formula (Jena et al., 
2013). 

Cell Surface Hydrophobicity   

The cell surface hydrophobicity of Lactobacillus isolates 
was assessed using the method outlined by Krausova et al. 
(2019). Overnight cultures of lactic acid bacteria were 
centrifuged at 3000 rpm for 15 minutes at 4°C. The resulting 
cell pellets were collected and resuspended in PBS buffer 
adjusted to pH 7.0 ± 0.1. The initial optical density (OD) was 
measured at 600 nm. A 1.5 mL volume of xylene was 
combined with 1.5 mL of bacterial cell suspension, and the 
mixture was vigorously vortexed for 120 seconds. The 
mixtures were then allowed to stand at room temperature for 
two hours to facilitate phase separation. The absorbance of the 
aqueous phase was measured at 600 nm. Cell surface 
hydrophobicity percentage was determined using the formula 
previously used for auto-aggregation. 

Biofilm Formation 

The biofilm formation capability of the isolated bacteria 
was assessed using the crystal violet staining method (Shaaban 

et al., 2020). A volume of 100 µL of 24-hour young bacterial 
cultures were inoculated into a 96-well microplate, each well 
pre-filled with 100 µL of MRS liquid medium. The 
microplate was incubated at 30°C for 24 hours. Following 
incubation, wells were rinsed thrice with PBS buffer. A 
volume of 100 µL of 0.1% crystal violet was added to each 
well and allowed to stand for 30 minutes. Subsequently, a five-
fold successive rinse with PBS buffer was performed to remove 
excess crystal violet. Thereafter, the plate was air-dried for 30 
minutes, and absorbance was measured at 640 nm using a 
microplate reader (Thermo Fisher Scientific, Multiskan 
SkyHigh, USA). Wells containing only MRS liquid medium 
served as a negative control. Results were expressed as 
percentages, calculated by determining the difference between 
the absorbance of the negative control and that of each 
inoculation well. 

Phenol Tolerance (0.4% v/v)  

Bacterial isolates were inoculated into MRS liquid 
medium tubes supplemented with 0.4% (v/v) phenol (Merck 
00206, Darmstadt, Germany), following the method of 
Xanthopoulos et al. (2000). The tubes were incubated at 
30°C for 24 hours. Viability was assessed using the pour 
plate method on MRS agar, and calculated using the 
following formula:  

 

 𝑉𝑉𝑎𝑎𝑇𝑇𝐴𝐴𝑎𝑎𝑇𝑇𝑎𝑎𝑐𝑐𝑉𝑉 (%) 𝑁𝑁𝑖𝑖
𝑁𝑁𝑁𝑁 

× 100  
 

 

Where Ni represents the log10CFU.mL-1 after 24 hours, and 
Nx represents the log10CFU.mL-1 before incubation. 

 

Antioxidant Capacity  

The total antioxidant capacity of Lactobacillus bacteria 
was assessed using the potassium permanganate (KMnO4) 
agar method (Hanchi et al., 2022; Zhou et al., 2015). Petri 
dishes (90 mm diameter) were filled with 25 mL of 1.5% 
agar containing KMnO4 at a concentration of 0.5 mmol/L. 
Following solidification, wells were drilled with a 0.6 mm 
cork borer. Then, 80 µL of Cell-Free Supernatant (CFS) of 
each bacterial isolate was inoculated into the wells. The Petri 
dishes were subsequently stored at 4°C in the dark. 
Measurements of decolorized zones were performed at time 
intervals of 10, 30 minutes, 1, 4, and 24 hours. Wells 
inoculated with MRS liquid medium served as the control. 
Antioxidant activity was determined by measuring the 
diameter difference between the discolored zones in the 
control sample and those in the samples treated with CFS 
from each isolate. 
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Antagonistic Activity  

The antagonistic activity of Lactobacillus isolates against 
indicator strains, obtained from the Pasteur Institute of 
Algeria (IPA), was assessed using the agar spot method 
(Akman et al., 2021). The indicator strains included: 
Staphylococcus aureus ATCC 25923, Staphylococcus epidermidis 
ATCC 14990, Salmonella spp., Pseudomonas aeruginosa 
ATCC 27853, Escherichia coli ATCC 25922, Bacillus cereus 
ATCC 10987, Enterococcus spp., and Candida albicans ATCC 
10231. Each bacterial isolate was inoculated as a spot on MRS 
agar (four spots per 90 mm Petri dish). Following incubation 
at 37°C for 24 hours, each spot was covered with 12 mL of 
0.7% MRS Muller-Hinton agar tempered at 45°C, containing 
100 µL of an overnight culture of each indicator strain. After 
gentle agitation, the contents of these tubes were poured onto 
the Petri dishes containing the Lactobacillus spots. Following 
incubation at 37°C for 24 hours, the diameters of the 
inhibition zones were measured. 

2.4 Health and Safety Assessment 

Antibiotic Sensitivity  

The antibiotic susceptibility of Lactobacillus isolates was 
evaluated using the Kirby-Bauer disk diffusion method 
(Hudzicki, 2009). Bacterial suspensions adjusted to 0.5 
McFarland turbidity were prepared from young (18–24 
hours) cultures in a 0.9% sterile saline solution. Each 
suspension was uniformly swabbed onto Mueller-Hinton agar 
plates. Antibiotic disks (Liofilchem® s.r.l., Roseto degli 
Abruzzi, Italy) — including Penicillin (P, 10 µg), Augmentin 
(AUG, 30 µg), Ampicillin (AMP, 30 µg), Cefepime (FEP, 30 
µg), Cefoxitin (FOX, 30 µg), Ofloxacin (OFX, 5 µg), 
Nalidixic acid (NA, 30 µg), Chloramphenicol (C, 30 µg), 
Erythromycin (E, 15 µg), and Tetracycline (TE, 30 µg) — 
were aseptically placed onto the inoculated Mueller-Hinton 
agar surfaces. Following incubation at 37°C for 24 hours, the 
diameters of the inhibition zones surrounding the antibiotic 
disks were measured. Sensitivity results were categorized as 
resistant (R, zone diameter ≤ 4 mm), moderately susceptible 
(I, zone diameter between 14 and 20 mm), or susceptible (S, 
zone diameter >20 mm), in accordance with Clinical and 
Laboratory Standards Institute (CLSI) guidelines (CLSI, 
2020). 

Hemolytic Activity  

The hemolytic activity of Lactobacillus isolates was 
assessed using the method described by Pieniz et al. (2014). 
Young cultures of bacterial isolates were plated on blood agar 
that contained 7% (w/v) sheep blood. After incubation for 
48 hours at 37°C, the blood agar plates were examined for β-
hemolysis, α-hemolysis, and non-hemolytic (γ-hemolysis) 
activities. 

Gelatin Liquefaction Test 

Gelatinase activity in Lactobacillus isolates was assessed 
following the protocol described by Dela Cruz and Torres 
(2012). Glass tubes containing gelatin nutrient medium, pre-
refrigerated at 4°C, were inoculated with LAB isolates. 
Following incubation at 25°C for 7 days, the tubes were 
submerged in an ice bath for 15 to 30 minutes. Tubes 
retaining a liquid state after chilling were considered positive 
for gelatinase activity. Pseudomonas. aeruginosa ATCC 27853 
and Staphylococcus aureus ATCC 25923 served as positive and 
negative controls, respectively.  

Coagulase Test 

Free coagulase activity in Lactobacillus isolates was 
determined according to the protocol described by De 
Almeida Júnior et al. (2015). A volume of 0.3 mL of a bacterial 
suspension from each isolate was transferred into a sterile tube 
containing 0.3 mL of rabbit plasma. Following incubation at 
37°C for 6 hours, the formation of a large clot or complete 
coagulation was indicative of a positive result. Staphylococcus 
aureus ATCC 25923 was employed as a positive control. 

2.5 Statistical Study   

All experiments were conducted in triplicate. Results are 
expressed as mean ± standard deviation (SD). Statistical 
analysis and comparison of the obtained data were performed 
using GraphPad Prism 9.5.1.733 software, employing two-
way ANOVA, one-way ANOVA, and the Tukey post-hoc 
test. Statistical significance was defined as a p-value less than 
0.05 (p < 0.05). 

3  RESULTS  

3.1 Phenotypic Characterization  

The five Lactobacillus isolates were identified based on 
their macroscopic and microscopic attributes. The 
macroscopic appearance of each colony cultivated on MRS 
agar was examined to ascertain morphological characteristics 
such as shape, size, contour, color, and opacity (Table 1). 
Gram staining revealed all five isolates as Gram-positive and 
short, rod-shaped bacilli. In addition, motility was assessed on 
semi-solid agar (Table 1). 

3.2 Genotypic Identification of LAB 
Genetic analysis identified the five isolates, designated 

LP1, LF1, LP2, LP3, and LP4 as follows: LF1 exhibited 
99.36% homology to Lactobacillus fermentum; furthermore, 
LP1, LP2, LP3, and LP4 demonstrated 99.82%, 100%, 99.83 
and 90.69% homology to Lactobacillus plantarum, 
respectively (Table 2). 
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3.3 Assessment of the probiotic capabilities 
of lactic acid bacteria 

Acid tolerance 

The evaluation of Lactobacillus isolates’ ability to tolerate 
acidic conditions was carried out under a singular pH 
condition of 2.2. This evaluation is critical, as tolerance to 
stomach acid is one of the crucial criteria for the selection of 
probiotic strains. The results are expressed as a percentage of 
acid tolerance. The five Lactobacillus isolates exhibited varying 
tolerance percentages (Table 3). All bacterial isolates 
demonstrated significant resistance to acidity at pH 2.2 for up 
to 3 hours, with isolate LF1 showing over 40% survival and 
isolate LP2 exhibiting over 90% survival. The mean tolerance 
or survival percentages of bacterial isolates were compared. A 

statistically significant difference was observed between the 
means of the compared groups as determined by one-way 
ANOVA (p < 0.0001). A Tukey post-hoc test revealed that 
statistical significance across all pairwise comparisons of 
isolates. 

Bile salt tolerance 

The capacity of the Lactobacillus isolates to tolerance bile 
salts was expressed as a tolerance percentage. All five bacteria 
isolates survived exposure to a 0.3% concentration of bile 
salts, demonstrating survival rates ranging from 
approximately 57.61 to 70.68%. Isolates LP3 exhibited the 
highest tolerance level, with a survival percentage of 70.68%, 
while LP4 isolate displayed the lowest tolerance level (Table 
3). Similar to acid tolerance at pH 2.2, a statistically 

Table 1. Macroscopic Appearance, Microscopic Appearance, and Motility of Lactobacillus strains isolated from Klila  

Isolates 
Macroscopic appearance Microscopic appearance  

 
Motility Shape Size 

(mm) 
Margin Chromogenesis Opacity Gram-Stain Form 

LP1 Circular 01 Entire White Opaque + Short rods Nonmotile 
LF1 Circular 01 Entire White Opaque + Short rods Nonmotile 

LP2 Circular 01 Entire White Opaque + Short rods Nonmotile 

LP3 Circular 01 Entire Yellowish white Opaque + Short rods Nonmotile 

LP4 Circular 01 Entire Yellowish white Opaque + Short rods Nonmotile 

 

Table 2. Genotypic Identification of Lactobacillus Strains Isolated from Klila  

Isolates  
Molecular identification 

Species Strain Similarity (%) Accession number 

LP1 Lactobacillus plantarum Strain 2546 99.82 MT611578 

LF1 Lactobacillus fermentum Strain KLAB15 99.36 KM485578 

LP2 Lactobacillus plantarum Strain B_16LAB 100.00 MF405177 

LP3 Lactobacillus plantarum Strain B_16LAB 99.83 MF405177 

LP4 Lactobacillus plantarum Strain 1583 90.69 MT597488 

 

 

Table 3. Percentage of acid tolerance, bile salts tolerance, auto-aggregation, and co-aggregation of Lactobacillus strain isolates 

Isolates  Tolerance percentage (%) Aggregation percentage (%) 

Auto-aggregation 
Co-aggregation 

Acid pH (2.2) Bile salts (0.3%) E. coli S. aureus C. albicans 
LP1 80.80 ± 1.09 62.40 ± 0.85 35.00 ± 0.90 20.40 ± 0.17 23.62 ± 1.09 11.15 ± 0.59 

LF1 40.29 ± 1.22 60.04 ± 1.55 57.39 ± 5.28 14.57 ± 0.56 13.04 ± 0.88 17.03 ± 0.20 

LP2 91.75 ± 1.60 66.03 ± 0.87 31.36 ± 1.63 19.62 ± 0.43 16.75 ± 0.38 12.23 ± 0.90 
LP3 71.38 ± 0.67 70.69 ± 1.27 41.39 ± 0.70 17.35 ± 0.05 19.50 ± 1.23 13.47 ± 1.07 

LP4 55.97 ± 0.45 57.61 ± 1.74 36.64 ± 0.47 22.17 ± 1.05 13.53 ± 0.24 14.21 ± 0.22 
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significant difference was observed among the means of the 
compared groups using one-way ANOVA (p < 0.0001). A 
Tukey post hoc test revealed that only the comparisons 
between isolates LF1 and LP1 (p = 0.2497) and LF1 and LP4 
(p = 0.2301) did not yield statistical significance. 

Auto-aggregation and Co-aggregation 
assessments  

Lactobacillus isolates demonstrated auto-aggregation 
potential capacity with rates ranging from 31.36% to 57.39% 
(Table 3). The co-aggregation test of these isolates with 
selected indicator strains, Candida albicans ATCC 10231, 
Escherichia coli ATCC 25922, and Staphylococcus aureus 
ATCC 25923, yielded rates ranging from 14.57 to 22.17% 
for E. coli, 13.04 to 23.62% for S. aureus, and 11.15 to 
17.03% for C. albicans (Table 3). One-way ANOVA revealed 
significant differences in the comparisons between groups for 
both auto-aggregation and co-aggregation (p < 0.0001). 

Cell surface hydrophobicity   

The hydrophobicity of the cell surfaces of the five 
Lactobacillus isolates was investigated through their 
interaction with xylene, a hydrocarbon, to stimulate their 
adhesion to intestinal epithelium cells. The hydrophobicity 
percentages ranged from 41.68 to 60.47% (Figure 1). The 
Isolate LF1 exhibited the highest affinity for xylene, with a 
hydrophobicity percentage of 60.47%, while isolate LP4 
displayed the lowest affinity at 41.68%. One-way ANOVA 
test revealed statistical significance (p < 0.0001). Post-hoc 
statistical comparisons are detailed in Figure 1 (C). 

Biofilm formation  

The crystal violet staining assay was employed as an 
indirect method to assess the capacity of isolated LAB to form 
biofilms (Djordjevic et al., 2002). All five Lactobacillus isolates 
demonstrated biofilm formation capability with varying 
percentages ranging from 32.94% for isolate LP1 to 70.10% 
for isolate LF1 (Figure 1). One-way ANOVA test revealed 
statistical significance (p < 0.0001). Post-hoc statistical 
comparisons are presented in Figure 1 (A). 

Resistance to 0.4% (v/v) phenol  

The evaluation of phenol tolerance at concentration of 
0.4% of the five bacterial isolates revealed varying levels of 
sensitivity (Figure 1). Isolate LP4 represented the highest 
viability percentage (61.01%), while isolate LP2 represented 
the lowest viability percentage (39.22%). One-way ANOVA 
test demonstrated statistical significance (p < 0.0001). Post-
hoc statistical comparisons are referenced in Figure 1 (B). 

Antioxidant capacity  

The investigation of the antioxidant capacity of 
Lactobacillus isolates is significant due to their potential to 

produce antioxidant enzymes and organic acids, which may 
confer protection against free radical-induced damage, a 
process implicated in the pathogenesis of numerous chronic 
diseases (Zehiroglu & Ozturk Sarikaya, 2019). The employed 
methodology has recently been adapted for LAB to estimate 
the overall antioxidant capability of their native CFS 
(Atanasov et al., 2023). 

All five bacterial isolates exhibited antioxidant capacity 
during the experiment (Figure 2). Clear and distinct zones 
were observed following the reaction of organic antioxidant 
compounds with KMnO4. Reduced halo zones were already 
visible after 10 minutes. Halo zone boundaries became 
distinct after 30 minutes, 1, and 4 hours. CFS from all 
bacterial isolates demonstrated well-expressed antioxidant 
capacities. Among the strains tested, the LP1 isolate exhibited 
the highest antioxidant capacity. A steady increase in the 
diameter of the halo zone was observed throughout the 
experiment, except for LP2 and LP4 isolates, where a 
stabilization of the halo zone diameter was noted between 4 
and 24 hours (Figure 2). Statistical analysis (two-way 
ANOVA) revealed significant differences between all groups 
(Lactobacillus isolates) with p < 0.001. 

Antagonistic activity 

Evaluation of the antimicrobial activity of the five isolated 
Lactobacillus bacteria strains demonstrated significant 
inhibition of pathogen growth (Figure 3). S. aureus exhibited 
the highest resistance among the various bacterial isolates, 
while E. coli was the most susceptible pathogen. More or less, 
all five Lactobacillus bacteria isolates showed satisfactory 
antagonistic effects against all the tested indicator bacteria, 
ranging from 12.66 to 45 mm. E. coli, followed by P. 
aeruginosa, showed the highest susceptibility against the five 
bacterial isolates. Regarding the overall averages, the LP3 
isolate demonstrated the highest antibacterial activity against 
Gram-positive pathogens, while the LP3 and LP4 isolates 
exhibited the most potent antibacterial activity against Gram-
negative pathogens. For antifungal activity, the isolate LP3 
consistently demonstrated the highest activity. 

3.4 Health Safety Assessment  

 Antibiotic sensitivity 

The five isolates of Lactobacillus bacteria were screened for 
antibiotic resistance and susceptibility. The isolates, therefore, 
showed different degrees of susceptibility to ten of the 
antibiotics that were examined (five classes of antibiotics). All 
the isolates tested showed resistance to cefepime and nalidixic 
acid and were susceptible to Augmentin, Amoxicillin, and 
Chloramphenicol. The susceptibility of the five isolates to the 
rest of the antibiotics varied between susceptible, moderate, 
and resistant (Table 4). 
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Table 4.  Antibiotic Susceptibility Profile of Lactobacillus Isolates, expressed as the Diameter (mm) of Inhibition Zone Based on 
CLSI 

Isolates 

ATB + inhibition zones (mm) 

P 
(10µg) 

AUG 
(30µg) 

AM 
(10µg) 

FEP 
(30µg) 

FOX 
(30µg) 

OFX 
(5µg) 

NA 
(30µg) 

C 
(30µg) 

E 
(15µg) 

TE (30µg) 

LP1 R S S R R R R S I R 
LF1 S S S R I I R S S S 

LP2 S S S R S R R S S S 

LP3 S S S R I R R S R I 

LP4 I S S R I R R S I S 

Note: R, resistant (zone size <14 mm), I, intermediate (14 mm ≥ zone size ≤ 20 mm), S, sensitive (zone size > 20 mm) (CLSI) 

 

Figure 1. Biofilm Formation Percentage (A), Resistance to 0.4% phenol percentage (B), Cell surface 
hydrophobicity percentage of Lactobacillus strains towards xylene (C). Asterisks follow GP Prism 

5.04/d and later p-value style at a confidence level of 95%, ns: non-significant 
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Figure 3. Total Antioxidant Capacity Represented in mm of the Zones of 
Decolorization of KMnO4 of Lactobacillus strains Isolated from Klila 

 

Figure 2. Antimicrobial Activity Represented in mm of the Zones of Inhibition of Lactobacillus 
Strains Isolated from Klila Against Selected Pathogenic Bacteria 
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Hemolytic activity  

The hemolytic activity of five Lactobacillus bacterial 
isolates was evaluated on blood agar. The isolates 
consistently exhibited negative hemolysis, corresponding to a 
gamma (γ) hemolytic profile. 

Gelatin liquefaction test  

The presence of gelatinase enzyme in the five 
Lactobacillus bacteria isolates was assessed using the tube 
method. No gelatin liquefaction activity was revealed. 

Coagulase test 

All five Lactobacillus bacteria isolates demonstrated an 
absence of free coagulase enzyme. 

4  DISCUSSION  

The present study investigates the probiotic potential of 
five Lactobacillus isolates, which are lactic acid bacteria, from 
Klila, a traditional Algerian fermented cheese. This 
investigation involved a detailed examination of 
physiological traits, including their capacity to endure harsh 
gastrointestinal conditions (such as acid and bile salts), their 
function as an antioxidant, and their ability to inhibit 
pathogenic bacteria. 

Since probiotic strains are typically administered orally, 
it is paramount that they are able to withstand transit 
through the gastrointestinal tract. Therefore, they are 
selected based on their capacity to survive the acidic 
conditions of gastric environment and the presence of bile 
salts in the small intestine (Angmo et al., 2016; Meradji et 
al., 2023). 

All five isolates demonstrated high resistance to the acidity 
of pH 2.2. The survival rate varied between 40.29 and 
91.75%, with significant differences in their capacity to 
survive under acidic conditions (p < 0.05). Isolates LP1, LP2, 
LP3, and LP4 all exceeded 50% tolerance to acidity, with 
isolate LP2 exhibiting the highest tolerance percentage 
(91.75%). Only isolate LF1 displayed a tolerance below 50% 
(40.29%). Sengun et al. (2024) found that some strains of 
Lactobacillus plantarum could survive at low pH levels of 2.5, 
3.0, and 4.0. Similarly, in a study by Bao et al. (2010), certain 
L.  fermentum strains showed low pH tolerance, ranging from 
80.40 to 91.80%. According to Akman et al. (2021), the 
tolerance of the isolates of LAB to low pH may be attributed 
to variations in the growth phase of the microorganisms. The 
ability to survive in acidic conditions is also related to strain 
specificity (Sengun et al., 2024). Resistance to high gastric 
acidity (pH 2.2) is an essential factor in selecting probiotic 
strains, as these strains must pass in adequate numbers 
through the acid digestion process to colonize the intestines 

(Meradji et al., 2023). Beyond their functional and probiotic 
interests, LAB that are highly adaptable and resistant to high 
acidity also present technological applications, particularly in 
food fermentation and preservation processes (Razmi et al., 
2023). 

In the human digestive tract, the concentration of bile is 
approximately 0.3%, with a residence time of 3–4 hours 
(Amenu & Bacha, 2023). All five isolates demonstrated high 
resistance to bile salts, indicating their capacity to survive in 
the small intestine. Their survival rates ranged from 57.61 and 
70.68% with the LP3 isolate exhibited the highest viability 
percentage (70.68%). This is consistent with the findings of 
Shehata et al. (2024). In another study, high resistance to bile 
salts was observed in some probiotic strains of LAB isolated 
from fermented Gilaburu and Shalgam beverages (Akman et 
al., 2021). The investigation conducted by Jin et al. (2021) 
also underlined that some strains of L. plantarum can resist 
bile salts at 0.3% concentration. This is further confirmed by 
Sengun et al. (2024), who reported that the survival rates of 
most strains studied in the presence of 0.3% bile salts ranged 
from 79.25 to 147.84%. 

Probiotic stains possess other functional characteristics, 
such as the ability to auto-aggregate and co-aggregate with 
pathogens (Ruiz-Ramírez et al., 2023). The adhesion of 
probiotic strains to the intestinal mucosa is influenced by their 
capacity to auto-aggregate and create a biofilm. This adhesion 
is critical for colonizing the human intestine, regulating 
immune functions, and promoting antimicrobial action 
against enteric pathogens (Ruiz-Ramírez et al., 2023; Paul et 
al., 2023). According to Bujnakova and Kmet (2002), 
probiotic strains co-aggregate with pathogens, thereby 
preventing their proliferation in the gastrointestinal tract. 
Ingesting probiotic strains that generate aggregation-
promoting substances is crucial for host defense against 
infection. In the present study, all Lactobacillus isolates 
demonstrated auto-aggregation rates ranging from 31.36 to 
57.39%, which are comparable to those reported by 
Divyashree et al. (2024), while being significantly higher than 
the values documented by Shehata et al. (2024). This 
difference may be attributed to strain-specific variations or 
distinct experimental conditions. 

For all five isolates, the percentage of co-aggregation did 
not exceed 23.62% for the three tested pathogenic strains: E. 
coli, S. aureus, and C. albicans. The auto-aggregation results 
were also comparable to those reported by Divyashree et al. 
(2024). In another study, Atanasov et al. (2023) reported that 
co-aggregation percentages between some Lactobacillus strains 
with C. albicans ranged from 9.83 to 27.97%. The capacity of 
co-aggregation provides probiotics bacteria with a competitive 
advantage against enteric pathogens by reducing their 
colonization in the gastrointestinal tract and lowering the risk 
of infection (Aziz et al., 2019). Limited co-aggregation may 
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negatively impact the presence and colonization of LAB 
strains in the gastrointestinal tract, potentially affecting their 
antagonistic capabilities against pathogens and thus their 
probiotic potency (Leska et al., 2022). 

The investigation of the hydrophobicity characteristics of 
probiotic isolates is essential. These studies enable us to 
analyze how probiotic bacteria colonize and adhere to the 
epithelial cells of the gastrointestinal tract, hence preventing 
colonization by pathogens (Abushelaibi et al., 2017). The 
hydrophobicity percentages of the five isolates ranged from 
41.67 to 60.47% after 4 hours of incubation. Isolates LF1 and 
LP1 exhibited the highest hydrophobicity, with rates of 60.47 
and 51.41%, respectively. Divyashree et al. (2024) reported 
hydrophobicity percentages ranging from 46.60 to 69.40%. 
In an in vitro study, Vijayakumar et al. (2015) demonstrated 
that the isolated L. plantarum strain KCC-24 exhibited 
significant cell surface hydrophobicity in xylene hydrocarbon 
(41.13%). As one of the physicochemical properties of 
bacterial cell surfaces, hydrophobicity directly influences 
adhesive capabilities such as auto-aggregation or 
coaggregation, and thus the ability of bacteria to adhere to 
various biotic and abiotic surfaces (Guan et al., 2020). 

Among the critical mechanisms by which LAB exert their 
beneficial characteristics upon adhesion to mucosal tissues is 
their capacity to form biofilms. This mechanism also 
reinforces the antagonistic capacities of LAB against various 
pathogens that colonize the digestive tract (Mgomi et al., 
2023). The results of the biofilm formation test reveal 
significant differences between the different Lactobacillus 
isolates. Biofilm formation of the five isolates varied between 
32.94 and 70.19%, where isolate LF1 (L. fermentum) 
displayed the highest biofilm forming capacity with a value of 
70.19%. In a study by Atanasov et al. (2023), biofilm 
formation of the twelve strains of LAB tested varied between 
20 and 96%. Gómez et al. (2016) reported significant 
differences between the different strains of LAB they studied; 
following 48 hours of incubation, strong biofilm formations 
were revealed. The ability to form biofilm may depend on the 
strain of LAB. It is also possible that it is influenced by 
environmental elements (Atanasov et al., 2023). The ability of 
the five isolates to form biofilm was consistent with the rest of 
the adhesive properties tested, such as auto, co-aggregation, 
and hydrophobicity. In addition to their probiotic properties, 
the biofilm-forming ability of Lactobacillus isolates 
contributes to their protection against environmental factors 
such as antibiotics, food additives, phenolic conditions, and 
antagonistic activities (Balcázar et al., 2015). Conversely, this 
feature poses a major challenge in the food industry, where the 
elimination of bacterial biofilms that can colonize industrial 
machinery is extremely difficult and threatens food safety and 
public health (Elafify et al., 2024). 

The viability of gut microbiota is influenced by phenolic 
conditions, which arise from the bacterial deamination of 
amino acids derived from dietary proteins (Huligere et al., 
2023). In accordance with the results of Divyashree et al. 
(2024), the five isolates exhibited resistance to 0.4% phenol 
with survival percentages ranging from 39.22 to 61.01%. The 
isolates LP4 and LF1 demonstrated the highest survival, with 
61.01 and 59.58%, respectively. The study by Amenu and 
Bacha (2023) recorded survival percentages under 0.4% 
phenolic conditions ranging from 48.93 to 98.67%. Nandha 
and Shukla (2023) reported that a strain of Lactobacillus lactis 
subsp demonstrated resilience, with cell vitality increasing 
from 7.98 to 8.82 Log CFU.mL-1 when exposed to 0.4% 
phenol. 

The metabolism of probiotic LAB produces several 
organic acids, such as acetic and lactic acid. Consequently, 
the CFS exhibits a low pH, increasing its antioxidant 
capacity. This observation is consistent with the findings of 
Atanasov et al. (2023) who noted that a lower CSF pH 
correlated with a greater antioxidant capacity. All 
Lactobacillus isolates exhibited a total antioxidant activity 
(Figure 2). The redox reaction between the CFS and 
KMnO4 proceeds quantitatively, indicating that the size of 
each discolored zone is proportional to the quantity of 
antioxidants present. Hanchi et al. (2022) determined that 
the recently adapted KMnO4 agar method for LAB 
effectively and reproducibly measures antioxidant capability. 
This evaluation showed that the procedure is linear and can 
be completed within 30 minutes to 4 hours (Hanchi et al., 
2022). The KMnO4 agar method serves as a preliminary 
screening assay used to assess antioxidant capacity (Atanasov 
et al., 2023). 

LAB and probiotic microorganisms produce 
diverse metabolites, including organic acids, bacteriocins, 
diacetyl, enzymes, and hydrogen peroxide, which possess 
antibacterial properties against various foodborne pathogens 
(Lee et al., 2021). All Lactobacillus isolates demonstrated 
significant antagonistic activities against different foodborne 
pathogens. E. coli was the most sensitive pathogen, with an 
inhibition zone of up to 45 mm, while S. aureus was the least 
sensitive pathogen. The antagonistic potential of 
Lactobacillus isolates against E. coli was higher than that of 
Fayemi et al. (2023). In a study conducted by Divyashree et 
al. (2024), the five Lactobacillus strains they studied 
exhibited antagonistic activity greater than 90% inhibition 
for some pathogens, such as E. coli, S. aureus, and P. 
aeruginosa. The significant antagonistic activity evidenced by 
large zones of inhibition, may be attributed not only to 
strain specificity but also to the nature of the confrontation 
assay employed. The substantial difference in the results of 
antimicrobial activity examinations in previous studies is 
attributed to the nature and objectives of the experimental 
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techniques, for instance, evaluating only the efficacy of 
bacteriocins or the total capacity of total metabolites to 
inhibit the growth of pathogens. 

The excessive and irrational utilization of antibiotics to 
treat bacterial infections has made pathogen resistance a 
significant global challenge. Recently, attention has focused 
on the intrinsic or acquired antibiotic resistance capabilities 
of lactic acid bacteria (Yang & Yu, 2019). Since LAB can 
evolve genes against antibiotics, this ability has become an 
essential safety criterion in the selection of probiotic strains, 
according to the “Qualified Presumption of Safety” (QPS) 
concept developed by the European Food Safety Authority 
(EFSA) (Basbülbül et al., 2015; Clementi & Aquilanti, 
2011). The current study revealed that the five Lactobacillus 
isolates exhibited resistance to Ofloxacin and Nalidixic acid 
and more susceptible to Penicillin, Augmentin, Amoxicillin, 
and Chloramphenicol. Meanwhile, susceptibility was 
variable for the remaining antibiotics, as summarized in 
Table 4. In a study by Amenu and Bacha (2023), 11 isolates 
were susceptible to Tetracycline, while 9 out of 11 were 
susceptible to Ampicillin. Moreover, the study by Choi et al. 
(2018) reported that all 4 isolates studied were susceptible to 
Chloramphenicol. Meradji et al. (2023) reported that 14 
LAB isolates were susceptible to Ampicillin and 
Chloramphenicol, while 13 out of 14 isolates were 
susceptible to Erythromycin. The same authors also noticed 
that all 14 isolates exhibited resistance to nalidixic acid. 
Susceptibility to other antibiotics, such as penicillin, was 
variable.  

The absence of hemolytic and gelatinase activity is 
considered essential safety prerequisites for evaluating 
potential probiotic strains as non-pathogenic (Divyashree et 
al., 2024). Gelatinase is considered a virulence factor due to 
its ability to hydrolyze collagen, potentially causing an 
inflammatory response (Leonardo & Pennypacker, 2009). 
The present study revealed that none of the five Lactobacillus 
isolates exhibited any hemolytic activity, gelatin liquefaction, 
or coagulase activity, identical to previous studies (Amenu & 
Bacha, 2023; Azevedo et al., 2024; Nandha & Shukla, 2023; 
Sengun et al., 2024). These findings indicate their suitability 
as safe probiotic candidates. 

5  CONCLUSIONS  
The current study involved the isolation of five strains of 

Lactobacillus bacteria from Klila, an Algerian fermented 
cheese product. Four isolates were identified as L. plantarum, 
while one was identified as L. fermentum. The isolates, in 
general, exhibited promising antioxidant capacity, 
aggregation properties, and significant antimicrobial activity 
against pathogens. These findings suggest that the isolates are 
promising probiotic candidates, with potential applications 

as natural preservatives or fermentation starters in the food 
industry. However, further experimental research is required 
to evaluate their probiotic potential in vivo, confirm their 
safety for human consumption by identifying the genes 
associated with virulence factors, and to exploring their 
potential use as therapeutic agents. 
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	1 Introduction
	Lactobacillus species possess remarkable adaptability to diverse environments and are endowed with specific enzymatic machinery and physiological mechanisms that enable them to metabolize a broad spectrum of carbohydrates and energy sources necessary for proliferation. These attributes render Lactobacillus the predominant genus among lactic acid bacteria (LAB) found in nature (Dempsey & Corr, 2022). Consistent with other LAB, the Lactobacillus genus comprises Gram-positive, short rod-shaped, non-motile, facultatively anaerobic, catalase-negative, oxidase-negative, and non-spore-forming (Ibrahim, 2016; Limsowtin et al., 2002). The majority of Lactobacillus species can thrive in environments with elevated salt concentrations (approximately 6.5%) and tolerate diverse challenging conditions, such as high acidity and bile salts. Furthermore, their high adhesive and hydrophobic properties render the digestive tract a favorable environment for their proliferation (Menconi et al., 2014). 
	Given their varied natural sources, encompassing a major component of the indigenous flora of fermented dairy and non-dairy products, and their capacity to colonize the digestive tract, Lactobacillus and LAB generally exhibit significant probiotic attributes and confer numerous health benefits (Shi et al., 2016). The International Scientific Association of Probiotics and Prebiotics (ISAPP) describes probiotics as live microorganisms that, when administered in adequate amounts, confer a health benefit on the host (Hill et al., 2014). To be classified as probiotics or functional foods, fermented products must contain a minimum concentration of one million colony-forming units per gram or milliliter (CFU/mL or CFU/g) of viable microorganisms, demonstrate the ability to survive passage through the human digestive tract, and offer verifiable health advantages to the host (Tavakoli et al., 2017).
	Klila is a traditional fermented cheese produced through the spontaneous fermentation of goat, sheep, or camel milk within a "Chekoua" (a pouch crafted from tanned goat skin). Following the separation and drainage of the whey, the cheese undergoes salting, drying, and occasional flavoring with regional seasonings. Klila is frequently utilized for culinary applications but can also be consumed fresh, prior to drying, establishing it as a prominent variety of traditional Algerian cheese (Benamara et al., 2022; Leksir et al., 2019). As a dry cheese, previous studies have yielded contradictory results regarding the diversity and richness of Kilal’s lactic bacterial flora. It has been considered a valuable source of LAB, particularly strains exhibiting slow growth rates and adaptation to challenging conditions of water activity (Aw) and osmotic pressure (Doukaki et al., 2024; Hadef et al., 2023). Conversely, it has also been considered a poor source due to its low water content (Benamara et al., 2022).
	The present study aimed to isolate and characterize the probiotic properties of specific Lactobacillus strains comprising the indigenous flora of traditionally produced Klila cheese. In addition, this research seeks to evaluate the relevance of Klila cheese as a potential source of functional and probiotic microorganisms, particularly considering its characteristics as a hard, dry, and relatively saline food, and to evaluate to what extent these attributes affect the properties of the isolated LAB.
	2 Material and Methods 
	2.1 Isolation and Phenotypic Characterization of LAB 
	A total of 21 LAB isolates were obtained from three samples of Klila, a traditional Algerian fermented cheese sourced from the Wilaya of Mascara (western Algeria). Five isolates exhibiting superior probiotic attributes, including resistance to simulated gastric conditions, aggregation properties, antimicrobial activity, and a favorable safety profile, were selected and genetically identified. Homogenized samples (20 g) were serially diluted tenfold using 0.9% sterile physiological saline solution. Aliquots from the final dilutions were subsequently inoculated onto de Man, Rogosa, and Sharpe (MRS) agar medium (Liofilchem® s.r.l., Roseto degli Abruzzi, Italy), adjusted to pH 5.7 ± 0.1. Plates were incubated anaerobically at 37°C for 48 hours using incubation jars. The isolated colonies were consecutively purified using the streaking method on MRS agar. Subsequently, phenotypic characterization was conducted using Gram staining, catalase test, oxidase test, motility test, and identification of cell morphology. Isolates were cryopreserved at -20°C in MRS broth supplemented with 25% glycerol (Soda et al., 2003).
	2.2 Genotypic Identification of LAB 
	The different DNAs were extracted from pure, young cultures using the GF-1 Nucleic Acid Extraction Kit (Vivantis Technologies Sdn Bhd, Selangor, DE, Malaysia), following the protocol described by O’Sullivan and Klaenhammer (1993) with minor modifications. Polymerase chain reaction (PCR) amplification was conducted using a thermocycler (iCycler Bio-Rad, USA) with specific primers (27F: 5'-AGA GTT TGA TCC TGG CTC AG-3’ and 1492R: 5'-CCG TCA ATT CCT TTG AGT TT-3’) (Edwards et al., 1989). Consensus sequences were analyzed by comparison with the GenBank database.
	2.3 Assessment of the Probiotic Capabilities of LAB 
	Acid Tolerance 
	The acid tolerance of LAB strains under simulated human digestion conditions was evaluated using the method delineated by Botta et al. (2014). Briefly, 0.1 mL aliquots of young bacterial cultures, grown in MRS liquid medium to a concentration of 108 CFU.mL⁻¹, were centrifuged at 6000 rpm for 15 minutes. The resulting pellet was resuspended in MRS liquid medium adjusted to pH 2.2. Subsequently, these suspensions were incubated at 37°C for three hours (Li et al., 2020). Absorbance was measured at 600 nm. Tolerance percentage was determined using the following formula:
	𝑇𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒 (%)= (𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑏𝑟𝑜𝑡ℎ−𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑎𝑐𝑖𝑑𝑖𝑐 𝑏𝑟𝑜𝑡ℎ)𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑏𝑟𝑜𝑡ℎ×100
	Bile Salt Tolerance 
	Briefly, 1 mL aliquots of young bacterial isolates grown in MRS liquid medium to a concentration of 108 CFU.mL-1 were centrifuged at 6000 rpm for 15 minutes. The resultant pellet was suspended in 1 mL MRS liquid medium containing 0.3% (w/v) bile salts (Loba Chemie, Mumbai, India). For control purposes, 1 mL of MRS liquid medium without bile salts was added to sterile Eppendorf tubes containing 1 mL of the same bacterial pellets. All suspensions were incubated at 37°C for 4 hours (Nami et al., 2019). Viability percentage was determined by measuring the absorbance at 600 nm, using the following formula:
	𝑇𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒 (%)= (𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑏𝑟𝑜𝑡ℎ−𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑖𝑛 0.3% 𝑏𝑖𝑙𝑒 𝑏𝑟𝑜𝑡ℎ)𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑏𝑟𝑜𝑡ℎ×100
	Auto-Aggregation and Co-Aggregation Assessments 
	The aggregation capability of LAB was assessed utilizing the methodology outlined by Collado et al. (2008). Briefly, after centrifugation at 6000 rpm for 15 minutes, overnight cultured LAB cell pellets were harvested, washed twice with Phosphate-Buffered Saline (PBS), and resuspended in the same buffer. These suspensions were vortexed, and the initial absorbance (Ai) of each cell suspension measured at 620 nm. The suspensions were then incubated at 37°C for four hours, and the final absorbance (Af) was measured. The percentage of auto-aggregation was calculated using the following formula:
	𝐴𝑢𝑡𝑜𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑖𝑜𝑛 %=1−𝐴𝑓𝐴𝑖×100
	To determine the percentage of co-aggregation between LAB and C. albicans ATCC 10231, E. coli ATCC 25922, and S. aureus ATCC 25923, equal volumes of LAB isolates and pathogens were combined and incubated at 37°C for four hours without shaking. The co-aggregation percentage was determined using the aforementioned formula (Jena et al., 2013).
	Cell Surface Hydrophobicity  
	The cell surface hydrophobicity of Lactobacillus isolates was assessed using the method outlined by Krausova et al. (2019). Overnight cultures of lactic acid bacteria were centrifuged at 3000 rpm for 15 minutes at 4°C. The resulting cell pellets were collected and resuspended in PBS buffer adjusted to pH 7.0 ± 0.1. The initial optical density (OD) was measured at 600 nm. A 1.5 mL volume of xylene was combined with 1.5 mL of bacterial cell suspension, and the mixture was vigorously vortexed for 120 seconds. The mixtures were then allowed to stand at room temperature for two hours to facilitate phase separation. The absorbance of the aqueous phase was measured at 600 nm. Cell surface hydrophobicity percentage was determined using the formula previously used for auto-aggregation.
	Biofilm Formation
	The biofilm formation capability of the isolated bacteria was assessed using the crystal violet staining method (Shaaban et al., 2020). A volume of 100 µL of 24-hour young bacterial cultures were inoculated into a 96-well microplate, each well pre-filled with 100 µL of MRS liquid medium. The microplate was incubated at 30°C for 24 hours. Following incubation, wells were rinsed thrice with PBS buffer. A volume of 100 µL of 0.1% crystal violet was added to each well and allowed to stand for 30 minutes. Subsequently, a five-fold successive rinse with PBS buffer was performed to remove excess crystal violet. Thereafter, the plate was air-dried for 30 minutes, and absorbance was measured at 640 nm using a microplate reader (Thermo Fisher Scientific, Multiskan SkyHigh, USA). Wells containing only MRS liquid medium served as a negative control. Results were expressed as percentages, calculated by determining the difference between the absorbance of the negative control and that of each inoculation well.
	Phenol Tolerance (0.4% v/v) 
	Bacterial isolates were inoculated into MRS liquid medium tubes supplemented with 0.4% (v/v) phenol (Merck 00206, Darmstadt, Germany), following the method of Xanthopoulos et al. (2000). The tubes were incubated at 30°C for 24 hours. Viability was assessed using the pour plate method on MRS agar, and calculated using the following formula: 
	 𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 %𝑁𝑖𝑁𝑥 ×100 
	Where Ni represents the log10CFU.mL-1 after 24 hours, and Nx represents the log10CFU.mL-1 before incubation.
	Antioxidant Capacity 
	The total antioxidant capacity of Lactobacillus bacteria was assessed using the potassium permanganate (KMnO4) agar method (Hanchi et al., 2022; Zhou et al., 2015). Petri dishes (90 mm diameter) were filled with 25 mL of 1.5% agar containing KMnO4 at a concentration of 0.5 mmol/L. Following solidification, wells were drilled with a 0.6 mm cork borer. Then, 80 µL of Cell-Free Supernatant (CFS) of each bacterial isolate was inoculated into the wells. The Petri dishes were subsequently stored at 4°C in the dark. Measurements of decolorized zones were performed at time intervals of 10, 30 minutes, 1, 4, and 24 hours. Wells inoculated with MRS liquid medium served as the control. Antioxidant activity was determined by measuring the diameter difference between the discolored zones in the control sample and those in the samples treated with CFS from each isolate.
	Antagonistic Activity 
	The antagonistic activity of Lactobacillus isolates against indicator strains, obtained from the Pasteur Institute of Algeria (IPA), was assessed using the agar spot method (Akman et al., 2021). The indicator strains included: Staphylococcus aureus ATCC 25923, Staphylococcus epidermidis ATCC 14990, Salmonella spp., Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 25922, Bacillus cereus ATCC 10987, Enterococcus spp., and Candida albicans ATCC 10231. Each bacterial isolate was inoculated as a spot on MRS agar (four spots per 90 mm Petri dish). Following incubation at 37°C for 24 hours, each spot was covered with 12 mL of 0.7% MRS Muller-Hinton agar tempered at 45°C, containing 100 µL of an overnight culture of each indicator strain. After gentle agitation, the contents of these tubes were poured onto the Petri dishes containing the Lactobacillus spots. Following incubation at 37°C for 24 hours, the diameters of the inhibition zones were measured.
	2.4 Health and Safety Assessment
	Antibiotic Sensitivity 
	The antibiotic susceptibility of Lactobacillus isolates was evaluated using the Kirby-Bauer disk diffusion method (Hudzicki, 2009). Bacterial suspensions adjusted to 0.5 McFarland turbidity were prepared from young (18–24 hours) cultures in a 0.9% sterile saline solution. Each suspension was uniformly swabbed onto Mueller-Hinton agar plates. Antibiotic disks (Liofilchem® s.r.l., Roseto degli Abruzzi, Italy) — including Penicillin (P, 10 μg), Augmentin (AUG, 30 μg), Ampicillin (AMP, 30 μg), Cefepime (FEP, 30 μg), Cefoxitin (FOX, 30 μg), Ofloxacin (OFX, 5 μg), Nalidixic acid (NA, 30 μg), Chloramphenicol (C, 30 μg), Erythromycin (E, 15 μg), and Tetracycline (TE, 30 μg) — were aseptically placed onto the inoculated Mueller-Hinton agar surfaces. Following incubation at 37°C for 24 hours, the diameters of the inhibition zones surrounding the antibiotic disks were measured. Sensitivity results were categorized as resistant (R, zone diameter ≤ 4 mm), moderately susceptible (I, zone diameter between 14 and 20 mm), or susceptible (S, zone diameter >20 mm), in accordance with Clinical and Laboratory Standards Institute (CLSI) guidelines (CLSI, 2020).
	Hemolytic Activity 
	The hemolytic activity of Lactobacillus isolates was assessed using the method described by Pieniz et al. (2014). Young cultures of bacterial isolates were plated on blood agar that contained 7% (w/v) sheep blood. After incubation for 48 hours at 37°C, the blood agar plates were examined for β-hemolysis, α-hemolysis, and non-hemolytic (γ-hemolysis) activities.
	Gelatin Liquefaction Test
	Gelatinase activity in Lactobacillus isolates was assessed following the protocol described by Dela Cruz and Torres (2012). Glass tubes containing gelatin nutrient medium, pre-refrigerated at 4°C, were inoculated with LAB isolates. Following incubation at 25°C for 7 days, the tubes were submerged in an ice bath for 15 to 30 minutes. Tubes retaining a liquid state after chilling were considered positive for gelatinase activity. Pseudomonas. aeruginosa ATCC 27853 and Staphylococcus aureus ATCC 25923 served as positive and negative controls, respectively. 
	Coagulase Test
	Free coagulase activity in Lactobacillus isolates was determined according to the protocol described by De Almeida Júnior et al. (2015). A volume of 0.3 mL of a bacterial suspension from each isolate was transferred into a sterile tube containing 0.3 mL of rabbit plasma. Following incubation at 37°C for 6 hours, the formation of a large clot or complete coagulation was indicative of a positive result. Staphylococcus aureus ATCC 25923 was employed as a positive control.
	2.5 Statistical Study  
	All experiments were conducted in triplicate. Results are expressed as mean ± standard deviation (SD). Statistical analysis and comparison of the obtained data were performed using GraphPad Prism 9.5.1.733 software, employing two-way ANOVA, one-way ANOVA, and the Tukey post-hoc test. Statistical significance was defined as a p-value less than 0.05 (p < 0.05).
	3 Results 
	3.1 Phenotypic Characterization 
	The five Lactobacillus isolates were identified based on their macroscopic and microscopic attributes. The macroscopic appearance of each colony cultivated on MRS agar was examined to ascertain morphological characteristics such as shape, size, contour, color, and opacity (Table 1). Gram staining revealed all five isolates as Gram-positive and short, rod-shaped bacilli. In addition, motility was assessed on semi-solid agar (Table 1).
	3.2 Genotypic Identification of LAB
	Genetic analysis identified the five isolates, designated LP1, LF1, LP2, LP3, and LP4 as follows: LF1 exhibited 99.36% homology to Lactobacillus fermentum; furthermore, LP1, LP2, LP3, and LP4 demonstrated 99.82%, 100%, 99.83 and 90.69% homology to Lactobacillus plantarum, respectively (Table 2).
	Assessment of the probiotic capabilities of lactic acid bacteria
	Acid tolerance
	The evaluation of Lactobacillus isolates’ ability to tolerate acidic conditions was carried out under a singular pH condition of 2.2. This evaluation is critical, as tolerance to stomach acid is one of the crucial criteria for the selection of probiotic strains. The results are expressed as a percentage of acid tolerance. The five Lactobacillus isolates exhibited varying tolerance percentages (Table 3). All bacterial isolates demonstrated significant resistance to acidity at pH 2.2 for up to 3 hours, with isolate LF1 showing over 40% survival and isolate LP2 exhibiting over 90% survival. The mean tolerance or survival percentages of bacterial isolates were compared. A statistically significant difference was observed between the means of the compared groups as determined by one-way ANOVA (p < 0.0001). A Tukey post-hoc test revealed that statistical significance across all pairwise comparisons of isolates.
	Bile salt tolerance
	The capacity of the Lactobacillus isolates to tolerance bile salts was expressed as a tolerance percentage. All five bacteria isolates survived exposure to a 0.3% concentration of bile salts, demonstrating survival rates ranging from approximately 57.61 to 70.68%. Isolates LP3 exhibited the highest tolerance level, with a survival percentage of 70.68%, while LP4 isolate displayed the lowest tolerance level (Table 3). Similar to acid tolerance at pH 2.2, a statistically significant difference was observed among the means of the compared groups using one-way ANOVA (p < 0.0001). A Tukey post hoc test revealed that only the comparisons between isolates LF1 and LP1 (p = 0.2497) and LF1 and LP4 (p = 0.2301) did not yield statistical significance.
	Auto-aggregation and Co-aggregation assessments 
	Lactobacillus isolates demonstrated auto-aggregation potential capacity with rates ranging from 31.36% to 57.39% (Table 3). The co-aggregation test of these isolates with selected indicator strains, Candida albicans ATCC 10231, Escherichia coli ATCC 25922, and Staphylococcus aureus ATCC 25923, yielded rates ranging from 14.57 to 22.17% for E. coli, 13.04 to 23.62% for S. aureus, and 11.15 to 17.03% for C. albicans (Table 3). One-way ANOVA revealed significant differences in the comparisons between groups for both auto-aggregation and co-aggregation (p < 0.0001).
	Cell surface hydrophobicity  
	The hydrophobicity of the cell surfaces of the five Lactobacillus isolates was investigated through their interaction with xylene, a hydrocarbon, to stimulate their adhesion to intestinal epithelium cells. The hydrophobicity percentages ranged from 41.68 to 60.47% (Figure 1). The Isolate LF1 exhibited the highest affinity for xylene, with a hydrophobicity percentage of 60.47%, while isolate LP4 displayed the lowest affinity at 41.68%. One-way ANOVA test revealed statistical significance (p < 0.0001). Post-hoc statistical comparisons are detailed in Figure 1 (C).
	Biofilm formation 
	The crystal violet staining assay was employed as an indirect method to assess the capacity of isolated LAB to form biofilms (Djordjevic et al., 2002). All five Lactobacillus isolates demonstrated biofilm formation capability with varying percentages ranging from 32.94% for isolate LP1 to 70.10% for isolate LF1 (Figure 1). One-way ANOVA test revealed statistical significance (p < 0.0001). Post-hoc statistical comparisons are presented in Figure 1 (A).
	Resistance to 0.4% (v/v) phenol 
	The evaluation of phenol tolerance at concentration of 0.4% of the five bacterial isolates revealed varying levels of sensitivity (Figure 1). Isolate LP4 represented the highest viability percentage (61.01%), while isolate LP2 represented the lowest viability percentage (39.22%). One-way ANOVA test demonstrated statistical significance (p < 0.0001). Post-hoc statistical comparisons are referenced in Figure 1 (B).
	Antioxidant capacity 
	The investigation of the antioxidant capacity of Lactobacillus isolates is significant due to their potential to produce antioxidant enzymes and organic acids, which may confer protection against free radical-induced damage, a process implicated in the pathogenesis of numerous chronic diseases (Zehiroglu & Ozturk Sarikaya, 2019). The employed methodology has recently been adapted for LAB to estimate the overall antioxidant capability of their native CFS (Atanasov et al., 2023).
	All five bacterial isolates exhibited antioxidant capacity during the experiment (Figure 2). Clear and distinct zones were observed following the reaction of organic antioxidant compounds with KMnO4. Reduced halo zones were already visible after 10 minutes. Halo zone boundaries became distinct after 30 minutes, 1, and 4 hours. CFS from all bacterial isolates demonstrated well-expressed antioxidant capacities. Among the strains tested, the LP1 isolate exhibited the highest antioxidant capacity. A steady increase in the diameter of the halo zone was observed throughout the experiment, except for LP2 and LP4 isolates, where a stabilization of the halo zone diameter was noted between 4 and 24 hours (Figure 2). Statistical analysis (two-way ANOVA) revealed significant differences between all groups (Lactobacillus isolates) with p < 0.001.
	Antagonistic activity
	Evaluation of the antimicrobial activity of the five isolated Lactobacillus bacteria strains demonstrated significant inhibition of pathogen growth (Figure 3). S. aureus exhibited the highest resistance among the various bacterial isolates, while E. coli was the most susceptible pathogen. More or less, all five Lactobacillus bacteria isolates showed satisfactory antagonistic effects against all the tested indicator bacteria, ranging from 12.66 to 45 mm. E. coli, followed by P. aeruginosa, showed the highest susceptibility against the five bacterial isolates. Regarding the overall averages, the LP3 isolate demonstrated the highest antibacterial activity against Gram-positive pathogens, while the LP3 and LP4 isolates exhibited the most potent antibacterial activity against Gram-negative pathogens. For antifungal activity, the isolate LP3 consistently demonstrated the highest activity.
	3.4 Health Safety Assessment 
	 Antibiotic sensitivity
	The five isolates of Lactobacillus bacteria were screened for antibiotic resistance and susceptibility. The isolates, therefore, showed different degrees of susceptibility to ten of the antibiotics that were examined (five classes of antibiotics). All the isolates tested showed resistance to cefepime and nalidixic acid and were susceptible to Augmentin, Amoxicillin, and Chloramphenicol. The susceptibility of the five isolates to the rest of the antibiotics varied between susceptible, moderate, and resistant (Table 4).
	Hemolytic activity 
	The hemolytic activity of five Lactobacillus bacterial isolates was evaluated on blood agar. The isolates consistently exhibited negative hemolysis, corresponding to a gamma (γ) hemolytic profile.
	Gelatin liquefaction test 
	The presence of gelatinase enzyme in the five Lactobacillus bacteria isolates was assessed using the tube method. No gelatin liquefaction activity was revealed.
	Coagulase test
	All five Lactobacillus bacteria isolates demonstrated an absence of free coagulase enzyme.
	4 Discussion 
	The present study investigates the probiotic potential of five Lactobacillus isolates, which are lactic acid bacteria, from Klila, a traditional Algerian fermented cheese. This investigation involved a detailed examination of physiological traits, including their capacity to endure harsh gastrointestinal conditions (such as acid and bile salts), their function as an antioxidant, and their ability to inhibit pathogenic bacteria.
	Since probiotic strains are typically administered orally, it is paramount that they are able to withstand transit through the gastrointestinal tract. Therefore, they are selected based on their capacity to survive the acidic conditions of gastric environment and the presence of bile salts in the small intestine (Angmo et al., 2016; Meradji et al., 2023).
	All five isolates demonstrated high resistance to the acidity of pH 2.2. The survival rate varied between 40.29 and 91.75%, with significant differences in their capacity to survive under acidic conditions (p < 0.05). Isolates LP1, LP2, LP3, and LP4 all exceeded 50% tolerance to acidity, with isolate LP2 exhibiting the highest tolerance percentage (91.75%). Only isolate LF1 displayed a tolerance below 50% (40.29%). Sengun et al. (2024) found that some strains of Lactobacillus plantarum could survive at low pH levels of 2.5, 3.0, and 4.0. Similarly, in a study by Bao et al. (2010), certain L.  fermentum strains showed low pH tolerance, ranging from 80.40 to 91.80%. According to Akman et al. (2021), the tolerance of the isolates of LAB to low pH may be attributed to variations in the growth phase of the microorganisms. The ability to survive in acidic conditions is also related to strain specificity (Sengun et al., 2024). Resistance to high gastric acidity (pH 2.2) is an essential factor in selecting probiotic strains, as these strains must pass in adequate numbers through the acid digestion process to colonize the intestines (Meradji et al., 2023). Beyond their functional and probiotic interests, LAB that are highly adaptable and resistant to high acidity also present technological applications, particularly in food fermentation and preservation processes (Razmi et al., 2023).
	In the human digestive tract, the concentration of bile is approximately 0.3%, with a residence time of 3–4 hours (Amenu & Bacha, 2023). All five isolates demonstrated high resistance to bile salts, indicating their capacity to survive in the small intestine. Their survival rates ranged from 57.61 and 70.68% with the LP3 isolate exhibited the highest viability percentage (70.68%). This is consistent with the findings of Shehata et al. (2024). In another study, high resistance to bile salts was observed in some probiotic strains of LAB isolated from fermented Gilaburu and Shalgam beverages (Akman et al., 2021). The investigation conducted by Jin et al. (2021) also underlined that some strains of L. plantarum can resist bile salts at 0.3% concentration. This is further confirmed by Sengun et al. (2024), who reported that the survival rates of most strains studied in the presence of 0.3% bile salts ranged from 79.25 to 147.84%.
	Probiotic stains possess other functional characteristics, such as the ability to auto-aggregate and co-aggregate with pathogens (Ruiz-Ramírez et al., 2023). The adhesion of probiotic strains to the intestinal mucosa is influenced by their capacity to auto-aggregate and create a biofilm. This adhesion is critical for colonizing the human intestine, regulating immune functions, and promoting antimicrobial action against enteric pathogens (Ruiz-Ramírez et al., 2023; Paul et al., 2023). According to Bujnakova and Kmet (2002), probiotic strains co-aggregate with pathogens, thereby preventing their proliferation in the gastrointestinal tract. Ingesting probiotic strains that generate aggregation-promoting substances is crucial for host defense against infection. In the present study, all Lactobacillus isolates demonstrated auto-aggregation rates ranging from 31.36 to 57.39%, which are comparable to those reported by Divyashree et al. (2024), while being significantly higher than the values documented by Shehata et al. (2024). This difference may be attributed to strain-specific variations or distinct experimental conditions.
	For all five isolates, the percentage of co-aggregation did not exceed 23.62% for the three tested pathogenic strains: E. coli, S. aureus, and C. albicans. The auto-aggregation results were also comparable to those reported by Divyashree et al. (2024). In another study, Atanasov et al. (2023) reported that co-aggregation percentages between some Lactobacillus strains with C. albicans ranged from 9.83 to 27.97%. The capacity of co-aggregation provides probiotics bacteria with a competitive advantage against enteric pathogens by reducing their colonization in the gastrointestinal tract and lowering the risk of infection (Aziz et al., 2019). Limited co-aggregation may negatively impact the presence and colonization of LAB strains in the gastrointestinal tract, potentially affecting their antagonistic capabilities against pathogens and thus their probiotic potency (Leska et al., 2022).
	The investigation of the hydrophobicity characteristics of probiotic isolates is essential. These studies enable us to analyze how probiotic bacteria colonize and adhere to the epithelial cells of the gastrointestinal tract, hence preventing colonization by pathogens (Abushelaibi et al., 2017). The hydrophobicity percentages of the five isolates ranged from 41.67 to 60.47% after 4 hours of incubation. Isolates LF1 and LP1 exhibited the highest hydrophobicity, with rates of 60.47 and 51.41%, respectively. Divyashree et al. (2024) reported hydrophobicity percentages ranging from 46.60 to 69.40%. In an in vitro study, Vijayakumar et al. (2015) demonstrated that the isolated L. plantarum strain KCC-24 exhibited significant cell surface hydrophobicity in xylene hydrocarbon (41.13%). As one of the physicochemical properties of bacterial cell surfaces, hydrophobicity directly influences adhesive capabilities such as auto-aggregation or coaggregation, and thus the ability of bacteria to adhere to various biotic and abiotic surfaces (Guan et al., 2020).
	Among the critical mechanisms by which LAB exert their beneficial characteristics upon adhesion to mucosal tissues is their capacity to form biofilms. This mechanism also reinforces the antagonistic capacities of LAB against various pathogens that colonize the digestive tract (Mgomi et al., 2023). The results of the biofilm formation test reveal significant differences between the different Lactobacillus isolates. Biofilm formation of the five isolates varied between 32.94 and 70.19%, where isolate LF1 (L. fermentum) displayed the highest biofilm forming capacity with a value of 70.19%. In a study by Atanasov et al. (2023), biofilm formation of the twelve strains of LAB tested varied between 20 and 96%. Gómez et al. (2016) reported significant differences between the different strains of LAB they studied; following 48 hours of incubation, strong biofilm formations were revealed. The ability to form biofilm may depend on the strain of LAB. It is also possible that it is influenced by environmental elements (Atanasov et al., 2023). The ability of the five isolates to form biofilm was consistent with the rest of the adhesive properties tested, such as auto, co-aggregation, and hydrophobicity. In addition to their probiotic properties, the biofilm-forming ability of Lactobacillus isolates contributes to their protection against environmental factors such as antibiotics, food additives, phenolic conditions, and antagonistic activities (Balcázar et al., 2015). Conversely, this feature poses a major challenge in the food industry, where the elimination of bacterial biofilms that can colonize industrial machinery is extremely difficult and threatens food safety and public health (Elafify et al., 2024).
	The viability of gut microbiota is influenced by phenolic conditions, which arise from the bacterial deamination of amino acids derived from dietary proteins (Huligere et al., 2023). In accordance with the results of Divyashree et al. (2024), the five isolates exhibited resistance to 0.4% phenol with survival percentages ranging from 39.22 to 61.01%. The isolates LP4 and LF1 demonstrated the highest survival, with 61.01 and 59.58%, respectively. The study by Amenu and Bacha (2023) recorded survival percentages under 0.4% phenolic conditions ranging from 48.93 to 98.67%. Nandha and Shukla (2023) reported that a strain of Lactobacillus lactis subsp demonstrated resilience, with cell vitality increasing from 7.98 to 8.82 Log CFU.mL-1 when exposed to 0.4% phenol.
	The metabolism of probiotic LAB produces several organic acids, such as acetic and lactic acid. Consequently, the CFS exhibits a low pH, increasing its antioxidant capacity. This observation is consistent with the findings of Atanasov et al. (2023) who noted that a lower CSF pH correlated with a greater antioxidant capacity. All Lactobacillus isolates exhibited a total antioxidant activity (Figure 2). The redox reaction between the CFS and KMnO4 proceeds quantitatively, indicating that the size of each discolored zone is proportional to the quantity of antioxidants present. Hanchi et al. (2022) determined that the recently adapted KMnO4 agar method for LAB effectively and reproducibly measures antioxidant capability. This evaluation showed that the procedure is linear and can be completed within 30 minutes to 4 hours (Hanchi et al., 2022). The KMnO4 agar method serves as a preliminary screening assay used to assess antioxidant capacity (Atanasov et al., 2023).
	LAB and probiotic microorganisms produce diverse metabolites, including organic acids, bacteriocins, diacetyl, enzymes, and hydrogen peroxide, which possess antibacterial properties against various foodborne pathogens (Lee et al., 2021). All Lactobacillus isolates demonstrated significant antagonistic activities against different foodborne pathogens. E. coli was the most sensitive pathogen, with an inhibition zone of up to 45 mm, while S. aureus was the least sensitive pathogen. The antagonistic potential of Lactobacillus isolates against E. coli was higher than that of Fayemi et al. (2023). In a study conducted by Divyashree et al. (2024), the five Lactobacillus strains they studied exhibited antagonistic activity greater than 90% inhibition for some pathogens, such as E. coli, S. aureus, and P. aeruginosa. The significant antagonistic activity evidenced by large zones of inhibition, may be attributed not only to strain specificity but also to the nature of the confrontation assay employed. The substantial difference in the results of antimicrobial activity examinations in previous studies is attributed to the nature and objectives of the experimental techniques, for instance, evaluating only the efficacy of bacteriocins or the total capacity of total metabolites to inhibit the growth of pathogens.
	The excessive and irrational utilization of antibiotics to treat bacterial infections has made pathogen resistance a significant global challenge. Recently, attention has focused on the intrinsic or acquired antibiotic resistance capabilities of lactic acid bacteria (Yang & Yu, 2019). Since LAB can evolve genes against antibiotics, this ability has become an essential safety criterion in the selection of probiotic strains, according to the “Qualified Presumption of Safety” (QPS) concept developed by the European Food Safety Authority (EFSA) (Basbülbül et al., 2015; Clementi & Aquilanti, 2011). The current study revealed that the five Lactobacillus isolates exhibited resistance to Ofloxacin and Nalidixic acid and more susceptible to Penicillin, Augmentin, Amoxicillin, and Chloramphenicol. Meanwhile, susceptibility was variable for the remaining antibiotics, as summarized in Table 4. In a study by Amenu and Bacha (2023), 11 isolates were susceptible to Tetracycline, while 9 out of 11 were susceptible to Ampicillin. Moreover, the study by Choi et al. (2018) reported that all 4 isolates studied were susceptible to Chloramphenicol. Meradji et al. (2023) reported that 14 LAB isolates were susceptible to Ampicillin and Chloramphenicol, while 13 out of 14 isolates were susceptible to Erythromycin. The same authors also noticed that all 14 isolates exhibited resistance to nalidixic acid. Susceptibility to other antibiotics, such as penicillin, was variable. 
	The absence of hemolytic and gelatinase activity is considered essential safety prerequisites for evaluating potential probiotic strains as non-pathogenic (Divyashree et al., 2024). Gelatinase is considered a virulence factor due to its ability to hydrolyze collagen, potentially causing an inflammatory response (Leonardo & Pennypacker, 2009). The present study revealed that none of the five Lactobacillus isolates exhibited any hemolytic activity, gelatin liquefaction, or coagulase activity, identical to previous studies (Amenu & Bacha, 2023; Azevedo et al., 2024; Nandha & Shukla, 2023; Sengun et al., 2024). These findings indicate their suitability as safe probiotic candidates.
	5 Conclusions 
	The current study involved the isolation of five strains of Lactobacillus bacteria from Klila, an Algerian fermented cheese product. Four isolates were identified as L. plantarum, while one was identified as L. fermentum. The isolates, in general, exhibited promising antioxidant capacity, aggregation properties, and significant antimicrobial activity against pathogens. These findings suggest that the isolates are promising probiotic candidates, with potential applications as natural preservatives or fermentation starters in the food industry. However, further experimental research is required to evaluate their probiotic potential in vivo, confirm their safety for human consumption by identifying the genes associated with virulence factors, and to exploring their potential use as therapeutic agents.
	Acknowledgment: The authors would like to thank Prof. Madani Benyoucef, Director of the Laboratory of Geomatics, Ecology and Environment (LGEO2E), University of Mascara, Algeria, for his cooperation in providing the necessary research facilities to carry out this study.
	Source of funding: This research did not receive any specific grant from public, commercial, or not-for-profit funding agencies.
	Previous submissions: The manuscript has not been presented in any scientific forum or meeting.
	Authors' Contribution: Samia Gharbi and Ahmed Saci: Conceptualization, data curation, investigation, resources, supervision, visualization, writing, and the original draft. All authors were responsible for formal analysis, methodology, software, validation, writing, review, and editing. Samia Gharbi: Project administration.
	Conflicts of Interest: The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the work reported in this paper.
	Preprint deposit: Authors did not share this manuscript as a preprint deposit. 
	References
	Abushelaibi, A., Al-Mahadin, S., El-Tarabily, K., Shah, N. P., & Ayyash, M. (2017). Characterization of potential probiotic lactic acid bacteria isolated from camel milk. LWT-Food Science and Technology, 79, 316–325. https://doi.org/10.1016/j.lwt.2017.01.041 [Crossref][Google Scholar] [Publisher]
	Akman, P. K., Ozulku, G., Tornuk, F., & Yetim, H. (2021). Potential probiotic lactic acid bacteria isolated from fermented gilaburu and shalgam beverages. LWT, 149, 111705. https://doi.org/10.1016/j.lwt.2021.111705 [Crossref] [Google Scholar] [Publisher]
	Amenu, D., & Bacha, K. (2023). Probiotic potential and safety analysis of lactic acid bacteria isolated from Ethiopian traditional fermented foods and beverages. Annals of Microbiology, 73(1), 37. https://doi.org/10.1186/s13213-023-01740-9 [Crossref] [Google Scholar] [Publisher]
	Angmo, K., Kumari, A., Savitri, & Bhalla, T. C. (2016). Probiotic characterization of lactic acid bacteria isolated from fermented foods and beverage of Ladakh. LWT - Food Science and Technology, 66, 428–435. https://doi.org/10.1016/j.lwt.2015.10.057 [Crossref] [Google Scholar] [Publisher]
	Atanasov, N., Evstatieva, Y., & Nikolova, D. (2023). Antagonistic Interactions of Lactic Acid Bacteria from Human Oral Microbiome against Streptococcus mutans and Candida albicans. Microorganisms, 11(6), 1604. https://doi.org/10.3390/microorganisms11061604 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Azevedo, I., Barbosa, J., Albano, H., Nogueira, T., & Teixeira, P. (2024). Lactic Acid Bacteria isolated from traditional and innovative alheiras as potential biocontrol agents. Food Microbiology, 119, 104450. https://doi.org/10.1016/j.fm.2023.104450 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Aziz, G., Fakhar, H., Rahman, S. U., Tariq, M., & Zaidi, A. (2019). An assessment of the aggregation and probiotic characteristics of Lactobacillus species isolated from native (desi) chicken gut. Journal of Applied Poultry Research, 28(4), 846–857. https://doi.org/10.3382/japr/pfz042 [Crossref] [Google Scholar] [Publisher]
	Balcázar, J. L., Subirats, J., & Borrego, C. M. (2015). The role of biofilms as environmental reservoirs of antibiotic resistance. Frontiers in Microbiology, 6. https://doi.org/10.3389/fmicb.2015.01216 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Bao, Y., Zhang, Y., Zhang, Y., Liu, Y., Wang, S., Dong, X., Wang, Y., & Zhang, H. (2010). Screening of potential probiotic properties of Lactobacillus fermentum isolated from traditional dairy products. Food Control, 21(5), 695–701. https://doi.org/10.1016/j.foodcont.2009.10.010 [Crossref] [Google Scholar] [Publisher]
	Basbülbül, G., Özteber, M., & Biyik, H. H. (2015). Antibiotic resistance in lactic acid bacteria isolated from fermented dairy products and boza. The Journal of Microbiology, Biotechnology and Food Sciences, 4(6), 513. https://doi: 10.15414/jmbfs.2015.4.6.513-517 [Crossref] [Google Scholar] [Publisher]
	Benamara, R. N., Benahmed, M., Ibri, K., Moussa Boudjemaa, B., & Demarigny, Y. (2022). Algerian extra hard cheese of Klila: A review on the production method, and microbial, organoleptic, and nutritional properties. Journal of Ethnic Foods, 9(1), 41. https://doi.org/10.1186/s42779-022-00157-0 [Crossref] [Google Scholar] [Publisher]
	Botta, C., Langerholc, T., Cencič, A., & Cocolin, L. (2014). In Vitro Selection and Characterization of New Probiotic Candidates from Table Olive Microbiota. PloS One, 9(4), e94457. https://doi.org/10.1371/journal.pone.0094457 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Bujnakova, D., & Kmet, V. (2002). Aggregation of Animal Lactobacilli with O157 Enterohemorrhagic Escherichia coli. Journal of Veterinary Medicine, Series B, 49(3), 152–154. https://doi.org/10.1046/j.1439-0450.2002.00526.x [Crossref] [PubMed] [Google Scholar] [Publisher]
	Choi, A.-R., Patra, J. K., Kim, W. J., & Kang, S.-S. (2018). Antagonistic Activities and Probiotic Potential of Lactic Acid Bacteria Derived From a Plant-Based Fermented Food. Frontiers in Microbiology, 9, 1963. https://doi.org/10.3389/fmicb.2018.01963 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Clementi, F., & Aquilanti, L. (2011). Recent investigations and updated criteria for the assessment of antibiotic resistance in food lactic acid bacteria. Anaerobe, 17(6), 394–398. https://doi.org/10.1016/j.anaerobe.2011.03.021 [Crossref] [PubMed] [Google Scholar] [Publisher]
	CLSI. (2020). M100-Performance Standards for Antimicrobial Susceptibility Testing (Version 30th ed). www.clsi.org
	Collado, M. C., Meriluoto, J., & Salminen, S. (2008). Adhesion and aggregation properties of probiotic and pathogen strains. European Food Research and Technology, 226(5), 1065–1073. https://doi.org/10.1007/s00217-007-0632-x [Crossref] [Google Scholar] [Publisher]
	De Almeida Júnior, W. L. G., Ferrari, Í. da S., de Souza, J. V., da Silva, C. D. A., da Costa, M. M., & Dias, F. S. (2015). Characterization and evaluation of lactic acid bacteria isolated from goat milk. Food Control, 53, 96–103. https://doi.org/10.1016/j.foodcont.2015.01.013 [Crossref] [Google Scholar] [Publisher]
	Dela Cruz, T. E. E., & Torres, J. M. O. (2012). Gelatin hydrolysis test protocol. Am Soc Microbiol. https://asm.org/ASM/media/Protocol-Images/Gelatin-Hydrolysis-Test-Protocol.pdf?ext=.pdf/1000 [Google Scholar] [Publisher]
	Dempsey, E., & Corr, S. C. (2022). Lactobacillus spp. for Gastrointestinal Health: Current and Future Perspectives. Frontiers in Immunology, 13. https://doi.org/10.3389/fimmu.2022.840245 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Divyashree, S., Ramu, R., & Sreenivasa, M. Y. (2024). Evaluation of new candidate probiotic lactobacillus strains isolated from a traditional fermented food- multigrain-millet dosa batter. Food Bioscience, 57, 103450. https://doi.org/10.1016/j.fbio.2023.103450  [Google Scholar] [Publisher]
	Djordjevic, D., Wiedmann, M., & McLandsborough, L. A. (2002). Microtiter Plate Assay for Assessment of Listeria monocytogenes Biofilm Formation. Applied and Environmental Microbiology, 68(6), 2950–2958. https://doi.org/10.1128/AEM.68.6.2950-2958.2002 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Doukaki, A., Papadopoulou, O. S., Baraki, A., Siapka, M., Ntalakas, I., Tzoumkas, I., Papadimitriou, K., Tassou, C., Skandamis, P., Nychas, G.-J., & Chorianopoulos, N. (2024). Effect of the Bioprotective Properties of Lactic Acid Bacteria Strains on Quality and Safety of Feta Cheese Stored under Different Conditions. Microorganisms, 12(9), 1870. https://doi.org/10.3390/microorganisms12091870 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Edwards, U., Rogall, T., Blöcker, H., Emde, M., & Böttger, E. C. (1989). Isolation and direct complete nucleotide determination of entire genes. Characterization of a gene coding for 16S ribosomal RNA. Nucleic Acids Research, 17(19), 7843–7853. https://doi.org/10.1093/nar/17.19.7843 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Elafify, M., Liao, X., Feng, J., Ahn, J., & Ding, T. (2024). Biofilm formation in food industries: Challenges and control strategies for food safety. Food Research International, 190, 114650. https://doi.org/10.1016/j.foodres.2024.114650 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Fayemi, O. E., Akanni, G. B., Sobowale, S. S., Oelofse, A., & Buys, E. M. (2023). Potential for increasing folate contents of traditional African fermented sorghum gruel (Motoho) using presumptive probiotic lactic acid bacteria. Journal of Food Composition and Analysis, 115, 104850. https://doi.org/10.1016/j.jfca.2022.104850 [Crossref] [Google Scholar] [Publisher]
	Gómez, N. C., Ramiro, J. M. P., Quecan, B. X. V., & De Melo Franco, B. D. G. (2016). Use of Potential Probiotic Lactic Acid Bacteria (LAB) Biofilms for the Control of Listeria monocytogenes, Salmonella Typhimurium, and Escherichia coli O157:H7 Biofilms Formation. Frontiers in Microbiology, 7. https://doi.org/10.3389/fmicb.2016.00863 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Guan, C., Chen, X., Jiang, X., Zhao, R., Yuan, Y., Chen, D., Zhang, C., Lu, M., Lu, Z., & Gu, R. (2020). In vitro studies of adhesion properties of six lactic acid bacteria isolated from the longevous population of China. RSC Advances, 10(41), 24234–24240. https://doi.org/10.1039/D0RA03517C [Crossref] [PubMed] [Google Scholar] [Publisher]
	Hadef, S., Idoui, T., Sifour, M., Genay, M., & Dary-Mourot, A. (2023). Screening of Wild Lactic Acid Bacteria from Algerian Traditional Cheeses and Goat Butter to Develop a New Probiotic Starter Culture. Probiotics and Antimicrobial Proteins, 15(2), 387–399. https://doi.org/10.1007/s12602-022-10000-2 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Hanchi, H., Sebei, K., Mottawea, W., Al Kasaa, I., & Hammami, R. (2022). An agar-based bioassay for accurate screening of the total antioxidant capacity of lactic acid bacteria cell-free supernatants. Journal of Microbiological Methods, 195, 106437. https://doi.org/10.1016/j.mimet.2022.106437 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Hill, C., Guarner, F., Reid, G., Gibson, G. R., Merenstein, D. J., Pot, B., Morelli, L., Canani, R. B., Flint, H. J., Salminen, S., Calder, P. C., & Sanders, M. E. (2014). The International Scientific Association for Probiotics and Prebiotics consensus statement on the scope and appropriate use of the term probiotic. Nature Reviews Gastroenterology & Hepatology, 11(8), 506–514. https://doi.org/10.1038/nrgastro.2014.66 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Hudzicki, J. (2009). Kirby-Bauer disk diffusion susceptibility test protocol. American Society for Microbiology, 15(1), 1–23. [Publisher]
	Huligere, S. S., Chandana Kumari, V. B., Alqadi, T., Kumar, S., Cull, C. A., Amachawadi, R. G., & Ramu, R. (2023). Isolation and characterization of lactic acid bacteria with potential probiotic activity and further investigation of their activity by α-amylase and α-glucosidase inhibitions of fermented batters. Frontiers in Microbiology, 13, 1042263. https://doi.org/ 10.3389/fmicb.2022.1042263  [Crossref] [PubMed] [Google Scholar] [Publisher]
	Ibrahim, S. A. (2016). Lactic Acid Bacteria: Lactobacillus spp.: Other Species. In Reference Module in Food Science (p. B978008100596500857X). Elsevier. https://doi.org/10.1016/B978-0-08-100596-5.00857-X [Crossref] [Google Scholar] [Publisher]
	Jena, P. K., Trivedi, D., Thakore, K., Chaudhary, H., Giri, S. S., & Seshadri, S. (2013). Isolation and characterization of probiotic properties of Lactobacilli isolated from rat fecal microbiota. Microbiology and Immunology, 57(6), 407–416. https://doi.org/10.1111/1348-0421.12054 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Jin, Y., Luo, B., Cai, J., Yang, B., Zhang, Y., Tian, F., & Ni, Y. (2021). Evaluation of indigenous lactic acid bacteria of raw mare milk from pastoral areas in Xinjiang, China, for potential use in probiotic fermented dairy products. Journal of Dairy Science, 104(5), 5166–5184. https://doi.org/10.3168/jds.2020-19398 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Krausova, G., Hyrslova, I., & Hynstova, I. (2019). In Vitro Evaluation of Adhesion Capacity, Hydrophobicity, and Auto-Aggregation of Newly Isolated Potential Probiotic Strains. Fermentation, 5(4), 100. https://doi.org/10.3390/fermentation5040100 [Crossref] [Google Scholar] [Publisher]
	Lee, S.-J., Jeon, H.-S., Yoo, J.-Y., & Kim, J.-H. (2021). Some Important Metabolites Produced by Lactic Acid Bacteria Originated from Kimchi. Foods, 10(9), 2148. https://doi.org/10.3390/foods10092148 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Leksir, C., Boudalia, S., Moujahed, N., & Chemmam, M. (2019). Traditional dairy products in Algeria: Case of Klila cheese. Journal of Ethnic Foods, 6(1), 7. https://doi.org/10.1186/s42779-019-0008-4 [Crossref] [Google Scholar] [Publisher]
	Leonardo, C. C., & Pennypacker, K. R. (2009). Neuroinflammation and MMPs: Potential therapeutic targets in neonatal hypoxic-ischemic injury. Journal of Neuroinflammation, 6(1), 13. https://doi.org/10.1186/1742-2094-6-13 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Leska, A., Nowak, A., & Czarnecka-Chrebelska, K. H. (2022). Adhesion and Anti-Adhesion Abilities of Potentially Probiotic Lactic Acid Bacteria and Biofilm Eradication of Honeybee (Apis mellifera L.) Pathogens. Molecules, 27(24), 8945. https://doi.org/10.3390/molecules27248945 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Li, M., Wang, Y., Cui, H., Li, Y., Sun, Y., & Qiu, H.-J. (2020). Characterization of Lactic Acid Bacteria Isolated From the Gastrointestinal Tract of a Wild Boar as Potential Probiotics. Frontiers in Veterinary Science, 7, 49. https://doi.org/10.3389/fvets.2020.00049 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Limsowtin, G. K. Y., Broome, M. C., & Powell, I. B. (2002). Lactic acid bacteria, taxonomy. In Encyclopedia of Dairy Sciences (pp. 1470–1478). Elsevier. [Crossref] [Google Scholar] [Publisher]
	Menconi, A., Kallapura, G., Latorre, J. D., Morgan, M. J., Pumford, N. R., Hargis, B. M., & Tellez, G. (2014). Identification and Characterization of Lactic Acid Bacteria in a Commercial Probiotic Culture. Bioscience of Microbiota, Food and Health, 33(1), 25–30. https://doi.org/10.12938/bmfh.33.25 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Meradji, M., Bachtarzi, N., Mora, D., & Kharroub, K. (2023). Characterization of Lactic Acid Bacteria Strains Isolated from Algerian Honeybee and Honey and Exploration of Their Potential Probiotic and Functional Features for Human Use. Foods, 12(12), 2312. https://doi.org/10.3390/foods12122312 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Mgomi, F. C., Yang, Y., Cheng, G., & Yang, Z. (2023). Lactic acid bacteria biofilms and their antimicrobial potential against pathogenic microorganisms. Biofilm, 5, 100118. https://doi.org/10.1016/j.bioflm.2023.100118 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Nami, Y., Vaseghi Bakhshayesh, R., Mohammadzadeh Jalaly, H., Lotfi, H., Eslami, S., & Hejazi, M. A. (2019). Probiotic Properties of Enterococcus Isolated From Artisanal Dairy Products. Frontiers in Microbiology, 10, 300. https://doi.org/10.3389/fmicb.2019.00300 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Nandha, M. C., & Shukla, R. M. (2023). Exploration of probiotic attributes in lactic acid bacteria isolated from fermented Theobroma cacao L. fruit using in vitro techniques. Frontiers in Microbiology, 14, 1274636. https://doi.org/10.3389/fmicb.2023.1274636 [Crossref] [PubMed] [Google Scholar] [Publisher]
	O’Sullivan, D. J., & Klaenhammer, T. R. (1993). Rapid Mini-Prep Isolation of High-Quality Plasmid DNA from Lactococcus and Lactobacillus spp. Applied and Environmental Microbiology, 59(8), 2730–2733. https://doi.org/10.1128/aem.59.8.2730-2733.1993 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Paul, C., Mishu, I. D., Miah, M. I., Bari, M. L., Rahman, S. R., & Malek, M. A. (2023). Isolation, identification and probiotic potential of lactic acid bacteria and yeas ts from commercial yogurt and homemade non-dairy fermented food “KANJI.” International Journal of Gastronomy and Food Science, 34, 100787. https://doi.org/10.1016/j.ijgfs.2023.100787 [Crossref [Google Scholar] [Publisher]
	Pieniz, S., Andreazza, R., Anghinoni, T., Camargo, F., & Brandelli, A. (2014). Probiotic potential, antimicrobial and antioxidant activities of Enterococcus durans strain LAB18s. Food Control, 37, 251–256. https://doi.org/10.1016/j.foodcont.2013.09.055 [Crossref] [Google Scholar] [Publisher]
	Razmi, N., Lazouskaya, M., Pajcin, I., Petrovic, B., Grahovac, J., Simic, M., Willander, M., Nur, O., & Stojanovic, G. M. (2023). Monitoring the effect of pH on the growth of pathogenic bacteria using electrical impedance spectroscopy. Results in Engineering, 20, 101425. https://doi.org/10.1016/j.rineng.2023.101425 [Crossref] [Google Scholar] [Publisher]
	Ruiz-Ramírez, Y., Valadez-Blanco, R., Calderón-García, C., Chikindas, M. L., & Ponce-Alquicira, E. (2023). Probiotic and functional potential of lactic acid bacteria isolated from pulque and evaluation of their safety for food applications. Frontiers in Microbiology, 14, 1241581. https://doi.org/10.3389/fmicb.2023.1241581 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Sengun, I. Y., Yalcin, H. T., Kilic, G., Ozturk, B., Peker, A. K., Terzi, Y., & Atlama, K. (2024). Identification of lactic acid bacteria found in traditional Shalgam juice using 16S rRNA sequencing and evaluation of their probiotic potential in vitro. Food Bioscience, 60, 104300. https://doi.org/10.1016/j.fbio.2024.104300 [Crossref] [Google Scholar] [Publisher]
	Shaaban, M., Abd El-Rahman, O. A., Al-Qaidi, B., & Ashour, H. M. (2020). Antimicrobial and Antibiofilm Activities of Probiotic Lactobacilli on Antibiotic-Resistant Proteus mirabilis. Microorganisms, 8(6), 960. https://doi.org/10.3390/microorganisms8060960 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Shehata, M. G., Masry, S. H. D., Abd El-Aziz, N. M., Ridouane, F. L., Mirza, S. B., & El-Sohaimy, S. A. (2024). Probiotic potential of lactic acid bacteria isolated from honeybees stomach: Functional and technological insights. Annals of Agricultural Sciences, 69(1), 11–18. https://doi.org/10.1016/j.aoas.2024.06.001 [Crossref] [Google Scholar] [Publisher]
	Shi, L. H., Balakrishnan, K., Thiagarajah, K., Mohd Ismail, N. I., & Yin, O. S. (2016). Beneficial Properties of Probiotics. Tropical Life Sciences Research, 27(2), 73–90. https://doi.org/10.21315/tlsr2016.27.2.6 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Soda, M., Ahmed, N., Omran, N., Osman, G., & Morsi, A. (2003). Isolation, identification and selection of lactic acid bacteria cultures for cheesemaking. Emirates Journal of Food and Agriculture, 15(2), 51. https://doi.org/10.9755/ejfa.v15i2.5006 [Crossref] [Google Scholar] [Publisher]
	Tavakoli, M., Hamidi-Esfahani, Z., Hejazi, M., Azizi, M., & Abbasi, S. (2017). Characterization of Probiotic Abilities of Lactobacilli Isolated from Iranian Koozeh Traditional Cheese. Polish Journal of Food and Nutrition Sciences, 67(1), 41–48. https://doi.org/10.1515/pjfns-2016-0003 [Crossref]  [Google Scholar] [Publisher]
	Vijayakumar, M., Ilavenil, S., Kim, D. H., Arasu, M. V., Priya, K., & Choi, K. C. (2015). In-vitro assessment of the probiotic potential of Lactobacillus plantarum KCC-24 isolated from Italian rye-grass ( Lolium multiflorum ) forage. Anaerobe, 32, 90–97. https://doi.org/10.1016/j.anaerobe.2015.01.003 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Xanthopoulos, V., Litopoulou-Tzanetaki, E., & Tzanetakis, N. (2000). Characterization of Lactobacillus isolates from infant faeces as dietary adjuncts. FoodMicrobiology, 17(2), 205–215. https://doi.org/10.1006/fmic.1999.0300 [Crossref] [Google Scholar] [Publisher]
	Yang, C., & Yu, T. (2019). Characterization and transfer of antimicrobial resistance in lactic acid bacteria from fermented dairy products in China. The Journal of Infection in Developing Countries, 13(02), 137–148. https://doi.org/10.3855/jidc.10765 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Zehiroglu, C., & Ozturk Sarikaya, S. B. (2019). The importance of antioxidants and place in today’s scientific and technological studies. Journal of Food Science and Technology, 56(11), 4757–4774. https://doi.org/10.1007/s13197-019-03952-x [Crossref] [PubMed] [Google Scholar] [Publisher]
	Word Bookmarks
	Demnsey2022
	Zhouetal2015
	Table2
	OLE_LINK5
	Table1
	Table3
	Figure1
	Figure1
	Table4
	Figure3
	Figure3
	Figure2
	Figure2
	Abushelaibietal2017
	Akmanetal2021
	AmenuBacha2023
	Angmoetal2016
	Atanasovetal2023
	Azevedoetal2024
	Azizetal2019
	Balcázaretal2015
	Baoetal2010
	Basbülbületal2015
	Benamaraetal2022
	Bottaetal2014
	Bujnakovaetal2002
	Choietal2018
	ClementietAquilanti2011
	Clsi2020
	Collado2008
	DeAlmeida
	DelaCruzandTorres2012
	Dempsey2022
	Divyashreetal2024
	Djordjevicetal2002
	Doukaki
	Edwardsetal1989
	Elafifyetal2024
	Fayemi
	Gómezetal2016
	Guanetal2020
	Hadefetal2023
	Hanchietal2022
	Hill
	Hudzicki2009
	Huligereetal2023
	Ibrahim2016
	Jenaetal2013
	Jinetal2021
	Krausova
	Leeetal2021
	Leksiretal2019
	LeonardoandPennypacker2009
	Leskaetal2022
	Lietal2020
	Limsowtin2002
	Menconi2014
	Meradjietal2023
	Mgomietal2023
	Namietal2019
	NandhaandShukla2023
	OSullivanandKlaenhammer1993
	Pauletal2023
	Pieniz
	Razmietal2023
	Ruiz
	Sengunetal2024
	Shaaban
	Shehataetal2024
	Shietal2016
	Sodaetal2003
	Tavakolietal2017
	Vijayakumaretal2015
	Xanthopoulos
	Yangetal2019
	ZehirogluOzturkSarikaya2019



		[bookmark: _Hlk168409015][bookmark: _Hlk153279296][bookmark: _Hlk153279225][bookmark: _Hlk153279173][bookmark: _Hlk76297676][bookmark: _Hlk153279365][bookmark: _Hlk140922312][bookmark: _Hlk140922341][bookmark: _Hlk57042367]Nor. Afr. J. Food Nutr. Res. 2025; Vol. 9, No. 20, 59-73

		DOI: 10.51745/najfnr.9.20.59-73



		ORIGINAL ARTICLE

		



		Food Microbiology, Safety and Toxicology  

		 



		Screening of Five Lactobacillus Bacteria with Probiotic Properties from Indigenous Klila Cheese



		[image: ]Ahmed Saci 1 🖂  

		[image: ]Samia Gharbi 2

		[image: ]Fatima Djadouni 2

		[image: ]Noureddine Karkachi 3



		1 Faculty of Life and Natural Science/Department of Biology. University of Oran 1 Ahmed Ben Bella, Oran. 31100, Algeria. saci.ahmed@edu.univ-oran1.dz; samiagharbi1969@gmail.com 

2 Faculty of Life and Natural Science/ Department of Biotechnology. University of Science and Technology of Oran Mohamed Boudiaf, Oran. 31000, Algeria samiagharbi1969@gmail.com 

3 Faculty of Life and Natural Science/Department of Biology. University Mustapha Stambouli of Mascara (UMSM). Mascara 29000, Algeria. Laboratory of Applied Microbiology, University of Oran 1 Ahmed Ben Bella, Oran 31100, Algeria. sdjadouni@gmail.com

4 Laboratory of Applied Microbiology, Faculty of Life and Natural Science/Department of Biology. University of Oran 1 Ahmed Ben Bella, Oran. 31100, Algeria noureddinekarkachi@hotmail.com





		ABSTRACT

		[image: ]ARTICLE INFORMATION



		Background: The Lactobacillus genus is the most widespread lactic acid bacteria (LAB) species globally. These bacteria are known for their probiotic properties, which benefit human health. 

Aims: This study aims to identify and screen the principal probiotic selection criteria of five Lactobacillus strains isolated from Klila, a traditionally fermented cheese product from Algeria, in vitro.

Materials and Methods: The main probiotic selection criteria were screened in vitro through biochemical and physiological tests, such as tolerance to low pH, bile salts, and phenol, their aggregation capacity, cell surface hydrophobicity, antibiotic sensitivity, and antimicrobial activity. Sequencing the 16S-rRNA gene identified the five isolates as Lactobacillus plantarum (LP1, LP2, LP3, and LP4) and Lactobacillus fermentum (LF1). 

Results: The experimental results showed that all five isolates survived after exposure to low pH (2.2) for 3 hours. They also showed tolerance to bile salts ranging from 57.67 to 70.68% and 0.4% phenol, ranging from 39.22 to 61.01%. The auto-aggregation capacity varied between 31.35% and 57.38%, while co-aggregation varied respectively from 14.57% to 22.17% with Escherichia coli, from 13.04% to 23.62% with Staphylococcus aureus, and from 11.15% to 17.03% with Candida albicans. The hydrophobicity towards xylene ranged from 41.67 to 60.47%, and the biofilm formation ability ranged from 32.94 to 70.19%. Isolate LF1 presented the highest hydrophobicity and biofilm formation percentages, with 60.47 and 70.19%, respectively. All five isolates demonstrated significant antioxidant capacities, suggesting their potential to improve food preservation and health benefits. Exceptional antimicrobial activities were revealed against the tested food-borne pathogens, ranging from 12.6 to 45 mm. A safety profile was shown without hemolytic, gelatin liquefaction, or coagulase activity. 

Conclusion: The Lactobacillus bacteria isolated from Klila presented physiological characteristics that make them potential probiotic candidates beneficial for health.

Keywords: Lactobacillus; Lactic Acid Bacteria; Probiotic Potential; Antimicrobial Activity; Traditional Algerian Cheese.
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2 [bookmark: _Introduction]INTRODUCTION

[bookmark: Demnsey2022]Lactobacillus species possess remarkable adaptability to diverse environments and are endowed with specific enzymatic machinery and physiological mechanisms that enable them to metabolize a broad spectrum of carbohydrates and energy sources necessary for proliferation. These attributes render Lactobacillus the predominant genus among lactic acid bacteria (LAB) found in nature (Dempsey & Corr, 2022). Consistent with other LAB, the Lactobacillus genus comprises Gram-positive, short rod-shaped, non-motile, facultatively anaerobic, catalase-negative, oxidase-negative, and non-spore-forming (Ibrahim, 2016; Limsowtin et al., 2002). The majority of Lactobacillus species can thrive in environments with elevated salt concentrations (approximately 6.5%) and tolerate diverse challenging conditions, such as high acidity and bile salts. Furthermore, their high adhesive and hydrophobic properties render the digestive tract a favorable environment for their proliferation (Menconi et al., 2014). 

Given their varied natural sources, encompassing a major component of the indigenous flora of fermented dairy and non-dairy products, and their capacity to colonize the digestive tract, Lactobacillus and LAB generally exhibit significant probiotic attributes and confer numerous health benefits (Shi et al., 2016). The International Scientific Association of Probiotics and Prebiotics (ISAPP) describes probiotics as live microorganisms that, when administered in adequate amounts, confer a health benefit on the host (Hill et al., 2014). To be classified as probiotics or functional foods, fermented products must contain a minimum concentration of one million colony-forming units per gram or milliliter (CFU/mL or CFU/g) of viable microorganisms, demonstrate the ability to survive passage through the human digestive tract, and offer verifiable health advantages to the host (Tavakoli et al., 2017).

Klila is a traditional fermented cheese produced through the spontaneous fermentation of goat, sheep, or camel milk within a "Chekoua" (a pouch crafted from tanned goat skin). Following the separation and drainage of the whey, the cheese undergoes salting, drying, and occasional flavoring with regional seasonings. Klila is frequently utilized for culinary applications but can also be consumed fresh, prior to drying, establishing it as a prominent variety of traditional Algerian cheese (Benamara et al., 2022; Leksir et al., 2019). As a dry cheese, previous studies have yielded contradictory results regarding the diversity and richness of Kilal’s lactic bacterial flora. It has been considered a valuable source of LAB, particularly strains exhibiting slow growth rates and adaptation to challenging conditions of water activity (Aw) and osmotic pressure (Doukaki et al., 2024; Hadef et al., 2023). Conversely, it has also been considered a poor source due to its low water content (Benamara et al., 2022).

The present study aimed to isolate and characterize the probiotic properties of specific Lactobacillus strains comprising the indigenous flora of traditionally produced Klila cheese. In addition, this research seeks to evaluate the relevance of Klila cheese as a potential source of functional and probiotic microorganisms, particularly considering its characteristics as a hard, dry, and relatively saline food, and to evaluate to what extent these attributes affect the properties of the isolated LAB.

3 MATERIAL AND METHODS 

3.1 Isolation and Phenotypic Characterization of LAB 

[bookmark: _Hlk204851155]A total of 21 LAB isolates were obtained from three samples of Klila, a traditional Algerian fermented cheese sourced from the Wilaya of Mascara (western Algeria). Five isolates exhibiting superior probiotic attributes, including resistance to simulated gastric conditions, aggregation properties, antimicrobial activity, and a favorable safety profile, were selected and genetically identified. Homogenized samples (20 g) were serially diluted tenfold using 0.9% sterile physiological saline solution. Aliquots from the final dilutions were subsequently inoculated onto de Man, Rogosa, and Sharpe (MRS) agar medium (Liofilchem® s.r.l., Roseto degli Abruzzi, Italy), adjusted to pH 5.7 ± 0.1. Plates were incubated anaerobically at 37°C for 48 hours using incubation jars. The isolated colonies were consecutively purified using the streaking method on MRS agar. Subsequently, phenotypic characterization was conducted using Gram staining, catalase test, oxidase test, motility test, and identification of cell morphology. Isolates were cryopreserved at -20°C in MRS broth supplemented with 25% glycerol (Soda et al., 2003).

3.2 [bookmark: _Hlk202064246]Genotypic Identification of LAB 

The different DNAs were extracted from pure, young cultures using the GF-1 Nucleic Acid Extraction Kit (Vivantis Technologies Sdn Bhd, Selangor, DE, Malaysia), following the protocol described by O’Sullivan and Klaenhammer (1993) with minor modifications. Polymerase chain reaction (PCR) amplification was conducted using a thermocycler (iCycler Bio-Rad, USA) with specific primers (27F: 5'-AGA GTT TGA TCC TGG CTC AG-3’ and 1492R: 5'-CCG TCA ATT CCT TTG AGT TT-3’) (Edwards et al., 1989). Consensus sequences were analyzed by comparison with the GenBank database.

3.3 Assessment of the Probiotic Capabilities of LAB 

Acid Tolerance 

[bookmark: _Hlk196678643]The acid tolerance of LAB strains under simulated human digestion conditions was evaluated using the method delineated by Botta et al. (2014). Briefly, 0.1 mL aliquots of young bacterial cultures, grown in MRS liquid medium to a concentration of 108 CFU.mL⁻¹, were centrifuged at 6000 rpm for 15 minutes. The resulting pellet was resuspended in MRS liquid medium adjusted to pH 2.2. Subsequently, these suspensions were incubated at 37°C for three hours (Li et al., 2020). Absorbance was measured at 600 nm. Tolerance percentage was determined using the following formula:



[bookmark: _Hlk168165598]



Bile Salt Tolerance 

Briefly, 1 mL aliquots of young bacterial isolates grown in MRS liquid medium to a concentration of 108 CFU.mL-1 were centrifuged at 6000 rpm for 15 minutes. The resultant pellet was suspended in 1 mL MRS liquid medium containing 0.3% (w/v) bile salts (Loba Chemie, Mumbai, India). For control purposes, 1 mL of MRS liquid medium without bile salts was added to sterile Eppendorf tubes containing 1 mL of the same bacterial pellets. All suspensions were incubated at 37°C for 4 hours (Nami et al., 2019). Viability percentage was determined by measuring the absorbance at 600 nm, using the following formula:



[bookmark: _Hlk168166237]



Auto-Aggregation and Co-Aggregation Assessments 

The aggregation capability of LAB was assessed utilizing the methodology outlined by Collado et al. (2008). Briefly, after centrifugation at 6000 rpm for 15 minutes, overnight cultured LAB cell pellets were harvested, washed twice with Phosphate-Buffered Saline (PBS), and resuspended in the same buffer. These suspensions were vortexed, and the initial absorbance (Ai) of each cell suspension measured at 620 nm. The suspensions were then incubated at 37°C for four hours, and the final absorbance (Af) was measured. The percentage of auto-aggregation was calculated using the following formula:



[bookmark: _Hlk168166779]



To determine the percentage of co-aggregation between LAB and C. albicans ATCC 10231, E. coli ATCC 25922, and S. aureus ATCC 25923, equal volumes of LAB isolates and pathogens were combined and incubated at 37°C for four hours without shaking. The co-aggregation percentage was determined using the aforementioned formula (Jena et al., 2013).

[bookmark: _Hlk181978580]Cell Surface Hydrophobicity  

The cell surface hydrophobicity of Lactobacillus isolates was assessed using the method outlined by Krausova et al. (2019). Overnight cultures of lactic acid bacteria were centrifuged at 3000 rpm for 15 minutes at 4°C. The resulting cell pellets were collected and resuspended in PBS buffer adjusted to pH 7.0 ± 0.1. The initial optical density (OD) was measured at 600 nm. A 1.5 mL volume of xylene was combined with 1.5 mL of bacterial cell suspension, and the mixture was vigorously vortexed for 120 seconds. The mixtures were then allowed to stand at room temperature for two hours to facilitate phase separation. The absorbance of the aqueous phase was measured at 600 nm. Cell surface hydrophobicity percentage was determined using the formula previously used for auto-aggregation.

Biofilm Formation

The biofilm formation capability of the isolated bacteria was assessed using the crystal violet staining method (Shaaban et al., 2020). A volume of 100 µL of 24-hour young bacterial cultures were inoculated into a 96-well microplate, each well pre-filled with 100 µL of MRS liquid medium. The microplate was incubated at 30°C for 24 hours. Following incubation, wells were rinsed thrice with PBS buffer. A volume of 100 µL of 0.1% crystal violet was added to each well and allowed to stand for 30 minutes. Subsequently, a five-fold successive rinse with PBS buffer was performed to remove excess crystal violet. Thereafter, the plate was air-dried for 30 minutes, and absorbance was measured at 640 nm using a microplate reader (Thermo Fisher Scientific, Multiskan SkyHigh, USA). Wells containing only MRS liquid medium served as a negative control. Results were expressed as percentages, calculated by determining the difference between the absorbance of the negative control and that of each inoculation well.

Phenol Tolerance (0.4% v/v) 

Bacterial isolates were inoculated into MRS liquid medium tubes supplemented with 0.4% (v/v) phenol (Merck 00206, Darmstadt, Germany), following the method of Xanthopoulos et al. (2000). The tubes were incubated at 30°C for 24 hours. Viability was assessed using the pour plate method on MRS agar, and calculated using the following formula: 



  





Where Ni represents the log10CFU.mL-1 after 24 hours, and Nx represents the log10CFU.mL-1 before incubation.



Antioxidant Capacity 

[bookmark: Zhouetal2015]The total antioxidant capacity of Lactobacillus bacteria was assessed using the potassium permanganate (KMnO4) agar method (Hanchi et al., 2022; Zhou et al., 2015). Petri dishes (90 mm diameter) were filled with 25 mL of 1.5% agar containing KMnO4 at a concentration of 0.5 mmol/L. Following solidification, wells were drilled with a 0.6 mm cork borer. Then, 80 µL of Cell-Free Supernatant (CFS) of each bacterial isolate was inoculated into the wells. The Petri dishes were subsequently stored at 4°C in the dark. Measurements of decolorized zones were performed at time intervals of 10, 30 minutes, 1, 4, and 24 hours. Wells inoculated with MRS liquid medium served as the control. Antioxidant activity was determined by measuring the diameter difference between the discolored zones in the control sample and those in the samples treated with CFS from each isolate.



Antagonistic Activity 

The antagonistic activity of Lactobacillus isolates against indicator strains, obtained from the Pasteur Institute of Algeria (IPA), was assessed using the agar spot method (Akman et al., 2021). The indicator strains included: Staphylococcus aureus ATCC 25923, Staphylococcus epidermidis ATCC 14990, Salmonella spp., Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 25922, Bacillus cereus ATCC 10987, Enterococcus spp., and Candida albicans ATCC 10231. Each bacterial isolate was inoculated as a spot on MRS agar (four spots per 90 mm Petri dish). Following incubation at 37°C for 24 hours, each spot was covered with 12 mL of 0.7% MRS Muller-Hinton agar tempered at 45°C, containing 100 µL of an overnight culture of each indicator strain. After gentle agitation, the contents of these tubes were poured onto the Petri dishes containing the Lactobacillus spots. Following incubation at 37°C for 24 hours, the diameters of the inhibition zones were measured.

3.4 Health and Safety Assessment

Antibiotic Sensitivity 

The antibiotic susceptibility of Lactobacillus isolates was evaluated using the Kirby-Bauer disk diffusion method (Hudzicki, 2009). Bacterial suspensions adjusted to 0.5 McFarland turbidity were prepared from young (18–24 hours) cultures in a 0.9% sterile saline solution. Each suspension was uniformly swabbed onto Mueller-Hinton agar plates. Antibiotic disks (Liofilchem® s.r.l., Roseto degli Abruzzi, Italy) — including Penicillin (P, 10 μg), Augmentin (AUG, 30 μg), Ampicillin (AMP, 30 μg), Cefepime (FEP, 30 μg), Cefoxitin (FOX, 30 μg), Ofloxacin (OFX, 5 μg), Nalidixic acid (NA, 30 μg), Chloramphenicol (C, 30 μg), Erythromycin (E, 15 μg), and Tetracycline (TE, 30 μg) — were aseptically placed onto the inoculated Mueller-Hinton agar surfaces. Following incubation at 37°C for 24 hours, the diameters of the inhibition zones surrounding the antibiotic disks were measured. Sensitivity results were categorized as resistant (R, zone diameter ≤ 4 mm), moderately susceptible (I, zone diameter between 14 and 20 mm), or susceptible (S, zone diameter >20 mm), in accordance with Clinical and Laboratory Standards Institute (CLSI) guidelines (CLSI, 2020).

Hemolytic Activity 

The hemolytic activity of Lactobacillus isolates was assessed using the method described by Pieniz et al. (2014). Young cultures of bacterial isolates were plated on blood agar that contained 7% (w/v) sheep blood. After incubation for 48 hours at 37°C, the blood agar plates were examined for β-hemolysis, α-hemolysis, and non-hemolytic (γ-hemolysis) activities.

Gelatin Liquefaction Test

Gelatinase activity in Lactobacillus isolates was assessed following the protocol described by Dela Cruz and Torres (2012). Glass tubes containing gelatin nutrient medium, pre-refrigerated at 4°C, were inoculated with LAB isolates. Following incubation at 25°C for 7 days, the tubes were submerged in an ice bath for 15 to 30 minutes. Tubes retaining a liquid state after chilling were considered positive for gelatinase activity. Pseudomonas. aeruginosa ATCC 27853 and Staphylococcus aureus ATCC 25923 served as positive and negative controls, respectively. 

Coagulase Test

Free coagulase activity in Lactobacillus isolates was determined according to the protocol described by De Almeida Júnior et al. (2015). A volume of 0.3 mL of a bacterial suspension from each isolate was transferred into a sterile tube containing 0.3 mL of rabbit plasma. Following incubation at 37°C for 6 hours, the formation of a large clot or complete coagulation was indicative of a positive result. Staphylococcus aureus ATCC 25923 was employed as a positive control.

3.5 Statistical Study  

All experiments were conducted in triplicate. Results are expressed as mean ± standard deviation (SD). Statistical analysis and comparison of the obtained data were performed using GraphPad Prism 9.5.1.733 software, employing two-way ANOVA, one-way ANOVA, and the Tukey post-hoc test. Statistical significance was defined as a p-value less than 0.05 (p < 0.05).

4 RESULTS 

4.1 Phenotypic Characterization 

The five Lactobacillus isolates were identified based on their macroscopic and microscopic attributes. The macroscopic appearance of each colony cultivated on MRS agar was examined to ascertain morphological characteristics such as shape, size, contour, color, and opacity (Table 1). Gram staining revealed all five isolates as Gram-positive and short, rod-shaped bacilli. In addition, motility was assessed on semi-solid agar (Table 1).

4.2 Genotypic Identification of LAB

Genetic analysis identified the five isolates, designated LP1, LF1, LP2, LP3, and LP4 as follows: LF1 exhibited 99.36% homology to Lactobacillus fermentum; furthermore, LP1, LP2, LP3, and LP4 demonstrated 99.82%, 100%, 99.83 and 90.69% homology to Lactobacillus plantarum, respectively (Table 2).

4.3 Assessment of the probiotic capabilities of lactic acid bacteria[bookmark: Table2]Table 2. Genotypic Identification of Lactobacillus Strains Isolated from Klila 

Isolates 

Molecular identification



Species

Strain

Similarity (%)

Accession number

LP1

Lactobacillus plantarum

Strain 2546

99.82

MT611578

LF1

[bookmark: _Hlk171479726]Lactobacillus fermentum

Strain KLAB15

99.36

KM485578

[bookmark: OLE_LINK5]LP2

Lactobacillus plantarum

Strain B_16LAB

100.00

MF405177

LP3

Lactobacillus plantarum

Strain B_16LAB

99.83

MF405177

LP4

Lactobacillus plantarum

Strain 1583

90.69

MT597488





[bookmark: Table1][bookmark: _Hlk178795342]Table 1. Macroscopic Appearance, Microscopic Appearance, and Motility of Lactobacillus strains isolated from Klila 

Isolates

Macroscopic appearance

Microscopic appearance





Motility



Shape

Size (mm)

Margin

Chromogenesis

Opacity

Gram-Stain

Form



LP1

Circular

01

Entire

White

Opaque

+

Short rods

Nonmotile

LF1

Circular

01

Entire

White

Opaque

+

Short rods

Nonmotile

LP2

Circular

01

Entire

White

Opaque

+

Short rods

Nonmotile

LP3

Circular

01

Entire

Yellowish white

Opaque

+

Short rods

Nonmotile

LP4

Circular

01

Entire

Yellowish white

Opaque

+

Short rods

Nonmotile





Acid tolerance

[bookmark: _Toc98237720]The evaluation of Lactobacillus isolates’ ability to tolerate acidic conditions was carried out under a singular pH condition of 2.2. This evaluation is critical, as tolerance to stomach acid is one of the crucial criteria for the selection of probiotic strains. The results are expressed as a percentage of acid tolerance. The five Lactobacillus isolates exhibited varying tolerance percentages (Table 3). All bacterial isolates demonstrated significant resistance to acidity at pH 2.2 for up to 3 hours, with isolate LF1 showing over 40% survival and isolate LP2 exhibiting over 90% survival. The mean tolerance or survival percentages of bacterial isolates were compared. A statistically significant difference was observed between the means of the compared groups as determined by one-way ANOVA (p < 0.0001). A Tukey post-hoc test revealed that statistical significance across all pairwise comparisons of isolates.[bookmark: Table3]Table 3. Percentage of acid tolerance, bile salts tolerance, auto-aggregation, and co-aggregation of Lactobacillus strain isolates

Isolates 

Tolerance percentage (%)

Aggregation percentage (%)





Auto-aggregation

Co-aggregation



Acid pH (2.2)

Bile salts (0.3%)



E. coli

S. aureus

C. albicans

LP1

80.80 ± 1.09

62.40 ± 0.85

35.00 ± 0.90

20.40 ± 0.17

23.62 ± 1.09

11.15 ± 0.59

LF1

40.29 ± 1.22

60.04 ± 1.55

57.39 ± 5.28

14.57 ± 0.56

13.04 ± 0.88

17.03 ± 0.20

LP2

91.75 ± 1.60

66.03 ± 0.87

31.36 ± 1.63

19.62 ± 0.43

16.75 ± 0.38

12.23 ± 0.90

LP3

71.38 ± 0.67

70.69 ± 1.27

41.39 ± 0.70

17.35 ± 0.05

19.50 ± 1.23

13.47 ± 1.07

LP4

55.97 ± 0.45

57.61 ± 1.74

36.64 ± 0.47

22.17 ± 1.05

13.53 ± 0.24

14.21 ± 0.22





Bile salt tolerance

The capacity of the Lactobacillus isolates to tolerance bile salts was expressed as a tolerance percentage. All five bacteria isolates survived exposure to a 0.3% concentration of bile salts, demonstrating survival rates ranging from approximately 57.61 to 70.68%. Isolates LP3 exhibited the highest tolerance level, with a survival percentage of 70.68%, while LP4 isolate displayed the lowest tolerance level (Table 3). Similar to acid tolerance at pH 2.2, a statistically significant difference was observed among the means of the compared groups using one-way ANOVA (p < 0.0001). A Tukey post hoc test revealed that only the comparisons between isolates LF1 and LP1 (p = 0.2497) and LF1 and LP4 (p = 0.2301) did not yield statistical significance.

Auto-aggregation and Co-aggregation assessments 

Lactobacillus isolates demonstrated auto-aggregation potential capacity with rates ranging from 31.36% to 57.39% (Table 3). The co-aggregation test of these isolates with selected indicator strains, Candida albicans ATCC 10231, Escherichia coli ATCC 25922, and Staphylococcus aureus ATCC 25923, yielded rates ranging from 14.57 to 22.17% for E. coli, 13.04 to 23.62% for S. aureus, and 11.15 to 17.03% for C. albicans (Table 3). One-way ANOVA revealed significant differences in the comparisons between groups for both auto-aggregation and co-aggregation (p < 0.0001).

Cell surface hydrophobicity  

The hydrophobicity of the cell surfaces of the five Lactobacillus isolates was investigated through their interaction with xylene, a hydrocarbon, to stimulate their adhesion to intestinal epithelium cells. The hydrophobicity percentages ranged from 41.68 to 60.47% (Figure 1). The Isolate LF1 exhibited the highest affinity for xylene, with a hydrophobicity percentage of 60.47%, while isolate LP4 displayed the lowest affinity at 41.68%. One-way ANOVA test revealed statistical significance (p < 0.0001). Post-hoc statistical comparisons are detailed in Figure 1 (C).

Biofilm formation 

The crystal violet staining assay was employed as an indirect method to assess the capacity of isolated LAB to form biofilms (Djordjevic et al., 2002). All five Lactobacillus isolates demonstrated biofilm formation capability with varying percentages ranging from 32.94% for isolate LP1 to 70.10% for isolate LF1 (Figure 1). One-way ANOVA test revealed statistical significance (p < 0.0001). Post-hoc statistical comparisons are presented in Figure 1 (A).

Resistance to 0.4% (v/v) phenol 

The evaluation of phenol tolerance at concentration of 0.4% of the five bacterial isolates revealed varying levels of sensitivity (Figure 1). Isolate LP4 represented the highest viability percentage (61.01%), while isolate LP2 represented the lowest viability percentage (39.22%). One-way ANOVA test demonstrated statistical significance (p < 0.0001). Post-hoc statistical comparisons are referenced in Figure 1 (B).

Antioxidant capacity 

The investigation of the antioxidant capacity of Lactobacillus isolates is significant due to their potential to produce antioxidant enzymes and organic acids, which may confer protection against free radical-induced damage, a process implicated in the pathogenesis of numerous chronic diseases (Zehiroglu & Ozturk Sarikaya, 2019). The employed methodology has recently been adapted for LAB to estimate the overall antioxidant capability of their native CFS (Atanasov et al., 2023).

All five bacterial isolates exhibited antioxidant capacity during the experiment (Figure 2). Clear and distinct zones were observed following the reaction of organic antioxidant compounds with KMnO4. Reduced halo zones were already visible after 10 minutes. Halo zone boundaries became distinct after 30 minutes, 1, and 4 hours. CFS from all bacterial isolates demonstrated well-expressed antioxidant capacities. Among the strains tested, the LP1 isolate exhibited the highest antioxidant capacity. A steady increase in the diameter of the halo zone was observed throughout the experiment, except for LP2 and LP4 isolates, where a stabilization of the halo zone diameter was noted between 4 and 24 hours (Figure 2). Statistical analysis (two-way ANOVA) revealed significant differences between all groups (Lactobacillus isolates) with p < 0.001.

Antagonistic activity

Evaluation of the antimicrobial activity of the five isolated Lactobacillus bacteria strains demonstrated significant inhibition of pathogen growth (Figure 3). S. aureus exhibited the highest resistance among the various bacterial isolates, while E. coli was the most susceptible pathogen. More or less, all five Lactobacillus bacteria isolates showed satisfactory antagonistic effects against all the tested indicator bacteria, ranging from 12.66 to 45 mm. E. coli, followed by P. aeruginosa, showed the highest susceptibility against the five bacterial isolates. Regarding the overall averages, the LP3 isolate demonstrated the highest antibacterial activity against Gram-positive pathogens, while the LP3 and LP4 isolates exhibited the most potent antibacterial activity against Gram-negative pathogens. For antifungal activity, the isolate LP3 consistently demonstrated the highest activity.

4.4 Health Safety Assessment 

 Antibiotic sensitivity

The five isolates of Lactobacillus bacteria were screened for antibiotic resistance and susceptibility. The isolates, therefore, showed different degrees of susceptibility to ten of the antibiotics that were examined (five classes of antibiotics). All the isolates tested showed resistance to cefepime and nalidixic acid and were susceptible to Augmentin, Amoxicillin, and Chloramphenicol. The susceptibility of the five isolates to the rest of the antibiotics varied between susceptible, moderate, and resistant (Table 4).
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[bookmark: _Hlk174309859]Figure 1. Biofilm Formation Percentage (A), Resistance to 0.4% phenol percentage (B), Cell surface hydrophobicity percentage of Lactobacillus strains towards xylene (C). Asterisks follow GP Prism 5.04/d and later p-value style at a confidence level of 95%, ns: non-significant





[bookmark: Table4]Table 4.  Antibiotic Susceptibility Profile of Lactobacillus Isolates, expressed as the Diameter (mm) of Inhibition Zone Based on CLSI

[bookmark: _Hlk173243358]Isolates

ATB + inhibition zones (mm)



P

(10µg)

AUG (30µg)

AM (10µg)

FEP (30µg)

FOX (30µg)

OFX (5µg)

NA (30µg)

C

(30µg)

E

(15µg)

TE (30µg)

LP1

R

S

S

R

R

R

R

S

I

R

LF1

S

S

S

R

I

I

R

S

S

S

LP2

S

S

S

R

S

R

R

S

S

S

LP3

S

S

S

R

I

R

R

S

R

I

LP4

I

S

S

R

I

R

R

S

I

S

[bookmark: _Hlk173526670][bookmark: _Hlk173526706][bookmark: _Hlk173526797]Note: R, resistant (zone size <14 mm), I, intermediate (14 mm ≥ zone size ≤ 20 mm), S, sensitive (zone size > 20 mm) (CLSI)
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[bookmark: _Hlk173711222]Figure 3. Antimicrobial Activity Represented in mm of the Zones of Inhibition of Lactobacillus Strains Isolated from Klila Against Selected Pathogenic Bacteria
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[bookmark: _Hlk174309801]Figure 2. Total Antioxidant Capacity Represented in mm of the Zones of Decolorization of KMnO4 of Lactobacillus strains Isolated from Klila







































Hemolytic activity 

The hemolytic activity of five Lactobacillus bacterial isolates was evaluated on blood agar. The isolates consistently exhibited negative hemolysis, corresponding to a gamma (γ) hemolytic profile.

Gelatin liquefaction test 

The presence of gelatinase enzyme in the five Lactobacillus bacteria isolates was assessed using the tube method. No gelatin liquefaction activity was revealed.

Coagulase test

All five Lactobacillus bacteria isolates demonstrated an absence of free coagulase enzyme.

5 DISCUSSION 

The present study investigates the probiotic potential of five Lactobacillus isolates, which are lactic acid bacteria, from Klila, a traditional Algerian fermented cheese. This investigation involved a detailed examination of physiological traits, including their capacity to endure harsh gastrointestinal conditions (such as acid and bile salts), their function as an antioxidant, and their ability to inhibit pathogenic bacteria.

Since probiotic strains are typically administered orally, it is paramount that they are able to withstand transit through the gastrointestinal tract. Therefore, they are selected based on their capacity to survive the acidic conditions of gastric environment and the presence of bile salts in the small intestine (Angmo et al., 2016; Meradji et al., 2023).

All five isolates demonstrated high resistance to the acidity of pH 2.2. The survival rate varied between 40.29 and 91.75%, with significant differences in their capacity to survive under acidic conditions (p < 0.05). Isolates LP1, LP2, LP3, and LP4 all exceeded 50% tolerance to acidity, with isolate LP2 exhibiting the highest tolerance percentage (91.75%). Only isolate LF1 displayed a tolerance below 50% (40.29%). Sengun et al. (2024) found that some strains of Lactobacillus plantarum could survive at low pH levels of 2.5, 3.0, and 4.0. Similarly, in a study by Bao et al. (2010), certain L.  fermentum strains showed low pH tolerance, ranging from 80.40 to 91.80%. According to Akman et al. (2021), the tolerance of the isolates of LAB to low pH may be attributed to variations in the growth phase of the microorganisms. The ability to survive in acidic conditions is also related to strain specificity (Sengun et al., 2024). Resistance to high gastric acidity (pH 2.2) is an essential factor in selecting probiotic strains, as these strains must pass in adequate numbers through the acid digestion process to colonize the intestines (Meradji et al., 2023). Beyond their functional and probiotic interests, LAB that are highly adaptable and resistant to high acidity also present technological applications, particularly in food fermentation and preservation processes (Razmi et al., 2023).

In the human digestive tract, the concentration of bile is approximately 0.3%, with a residence time of 3–4 hours (Amenu & Bacha, 2023). All five isolates demonstrated high resistance to bile salts, indicating their capacity to survive in the small intestine. Their survival rates ranged from 57.61 and 70.68% with the LP3 isolate exhibited the highest viability percentage (70.68%). This is consistent with the findings of Shehata et al. (2024). In another study, high resistance to bile salts was observed in some probiotic strains of LAB isolated from fermented Gilaburu and Shalgam beverages (Akman et al., 2021). The investigation conducted by Jin et al. (2021) also underlined that some strains of L. plantarum can resist bile salts at 0.3% concentration. This is further confirmed by Sengun et al. (2024), who reported that the survival rates of most strains studied in the presence of 0.3% bile salts ranged from 79.25 to 147.84%.

[bookmark: _Hlk205105772]Probiotic stains possess other functional characteristics, such as the ability to auto-aggregate and co-aggregate with pathogens (Ruiz-Ramírez et al., 2023). The adhesion of probiotic strains to the intestinal mucosa is influenced by their capacity to auto-aggregate and create a biofilm. This adhesion is critical for colonizing the human intestine, regulating immune functions, and promoting antimicrobial action against enteric pathogens (Ruiz-Ramírez et al., 2023; Paul et al., 2023). According to Bujnakova and Kmet (2002), probiotic strains co-aggregate with pathogens, thereby preventing their proliferation in the gastrointestinal tract. Ingesting probiotic strains that generate aggregation-promoting substances is crucial for host defense against infection. In the present study, all Lactobacillus isolates demonstrated auto-aggregation rates ranging from 31.36 to 57.39%, which are comparable to those reported by Divyashree et al. (2024), while being significantly higher than the values documented by Shehata et al. (2024). This difference may be attributed to strain-specific variations or distinct experimental conditions.

For all five isolates, the percentage of co-aggregation did not exceed 23.62% for the three tested pathogenic strains: E. coli, S. aureus, and C. albicans. The auto-aggregation results were also comparable to those reported by Divyashree et al. (2024). In another study, Atanasov et al. (2023) reported that co-aggregation percentages between some Lactobacillus strains with C. albicans ranged from 9.83 to 27.97%. The capacity of co-aggregation provides probiotics bacteria with a competitive advantage against enteric pathogens by reducing their colonization in the gastrointestinal tract and lowering the risk of infection (Aziz et al., 2019). Limited co-aggregation may negatively impact the presence and colonization of LAB strains in the gastrointestinal tract, potentially affecting their antagonistic capabilities against pathogens and thus their probiotic potency (Leska et al., 2022).

The investigation of the hydrophobicity characteristics of probiotic isolates is essential. These studies enable us to analyze how probiotic bacteria colonize and adhere to the epithelial cells of the gastrointestinal tract, hence preventing colonization by pathogens (Abushelaibi et al., 2017). The hydrophobicity percentages of the five isolates ranged from 41.67 to 60.47% after 4 hours of incubation. Isolates LF1 and LP1 exhibited the highest hydrophobicity, with rates of 60.47 and 51.41%, respectively. Divyashree et al. (2024) reported hydrophobicity percentages ranging from 46.60 to 69.40%. In an in vitro study, Vijayakumar et al. (2015) demonstrated that the isolated L. plantarum strain KCC-24 exhibited significant cell surface hydrophobicity in xylene hydrocarbon (41.13%). As one of the physicochemical properties of bacterial cell surfaces, hydrophobicity directly influences adhesive capabilities such as auto-aggregation or coaggregation, and thus the ability of bacteria to adhere to various biotic and abiotic surfaces (Guan et al., 2020).

Among the critical mechanisms by which LAB exert their beneficial characteristics upon adhesion to mucosal tissues is their capacity to form biofilms. This mechanism also reinforces the antagonistic capacities of LAB against various pathogens that colonize the digestive tract (Mgomi et al., 2023). The results of the biofilm formation test reveal significant differences between the different Lactobacillus isolates. Biofilm formation of the five isolates varied between 32.94 and 70.19%, where isolate LF1 (L. fermentum) displayed the highest biofilm forming capacity with a value of 70.19%. In a study by Atanasov et al. (2023), biofilm formation of the twelve strains of LAB tested varied between 20 and 96%. Gómez et al. (2016) reported significant differences between the different strains of LAB they studied; following 48 hours of incubation, strong biofilm formations were revealed. The ability to form biofilm may depend on the strain of LAB. It is also possible that it is influenced by environmental elements (Atanasov et al., 2023). The ability of the five isolates to form biofilm was consistent with the rest of the adhesive properties tested, such as auto, co-aggregation, and hydrophobicity. In addition to their probiotic properties, the biofilm-forming ability of Lactobacillus isolates contributes to their protection against environmental factors such as antibiotics, food additives, phenolic conditions, and antagonistic activities (Balcázar et al., 2015). Conversely, this feature poses a major challenge in the food industry, where the elimination of bacterial biofilms that can colonize industrial machinery is extremely difficult and threatens food safety and public health (Elafify et al., 2024).

The viability of gut microbiota is influenced by phenolic conditions, which arise from the bacterial deamination of amino acids derived from dietary proteins (Huligere et al., 2023). In accordance with the results of Divyashree et al. (2024), the five isolates exhibited resistance to 0.4% phenol with survival percentages ranging from 39.22 to 61.01%. The isolates LP4 and LF1 demonstrated the highest survival, with 61.01 and 59.58%, respectively. The study by Amenu and Bacha (2023) recorded survival percentages under 0.4% phenolic conditions ranging from 48.93 to 98.67%. Nandha and Shukla (2023) reported that a strain of Lactobacillus lactis subsp demonstrated resilience, with cell vitality increasing from 7.98 to 8.82 Log CFU.mL-1 when exposed to 0.4% phenol.

[bookmark: _Hlk174322312][bookmark: _Hlk174321416]The metabolism of probiotic LAB produces several organic acids, such as acetic and lactic acid. Consequently, the CFS exhibits a low pH, increasing its antioxidant capacity. This observation is consistent with the findings of Atanasov et al. (2023) who noted that a lower CSF pH correlated with a greater antioxidant capacity. All Lactobacillus isolates exhibited a total antioxidant activity (Figure 2). The redox reaction between the CFS and KMnO4 proceeds quantitatively, indicating that the size of each discolored zone is proportional to the quantity of antioxidants present. Hanchi et al. (2022) determined that the recently adapted KMnO4 agar method for LAB effectively and reproducibly measures antioxidant capability. This evaluation showed that the procedure is linear and can be completed within 30 minutes to 4 hours (Hanchi et al., 2022). The KMnO4 agar method serves as a preliminary screening assay used to assess antioxidant capacity (Atanasov et al., 2023).

[bookmark: _Hlk174324042]LAB and probiotic microorganisms produce diverse metabolites, including organic acids, bacteriocins, diacetyl, enzymes, and hydrogen peroxide, which possess antibacterial properties against various foodborne pathogens (Lee et al., 2021). All Lactobacillus isolates demonstrated significant antagonistic activities against different foodborne pathogens. E. coli was the most sensitive pathogen, with an inhibition zone of up to 45 mm, while S. aureus was the least sensitive pathogen. The antagonistic potential of Lactobacillus isolates against E. coli was higher than that of Fayemi et al. (2023). In a study conducted by Divyashree et al. (2024), the five Lactobacillus strains they studied exhibited antagonistic activity greater than 90% inhibition for some pathogens, such as E. coli, S. aureus, and P. aeruginosa. The significant antagonistic activity evidenced by large zones of inhibition, may be attributed not only to strain specificity but also to the nature of the confrontation assay employed. The substantial difference in the results of antimicrobial activity examinations in previous studies is attributed to the nature and objectives of the experimental techniques, for instance, evaluating only the efficacy of bacteriocins or the total capacity of total metabolites to inhibit the growth of pathogens.

[bookmark: _Hlk174328131]The excessive and irrational utilization of antibiotics to treat bacterial infections has made pathogen resistance a significant global challenge. Recently, attention has focused on the intrinsic or acquired antibiotic resistance capabilities of lactic acid bacteria (Yang & Yu, 2019). Since LAB can evolve genes against antibiotics, this ability has become an essential safety criterion in the selection of probiotic strains, according to the “Qualified Presumption of Safety” (QPS) concept developed by the European Food Safety Authority (EFSA) (Basbülbül et al., 2015; Clementi & Aquilanti, 2011). The current study revealed that the five Lactobacillus isolates exhibited resistance to Ofloxacin and Nalidixic acid and more susceptible to Penicillin, Augmentin, Amoxicillin, and Chloramphenicol. Meanwhile, susceptibility was variable for the remaining antibiotics, as summarized in Table 4. In a study by Amenu and Bacha (2023), 11 isolates were susceptible to Tetracycline, while 9 out of 11 were susceptible to Ampicillin. Moreover, the study by Choi et al. (2018) reported that all 4 isolates studied were susceptible to Chloramphenicol. Meradji et al. (2023) reported that 14 LAB isolates were susceptible to Ampicillin and Chloramphenicol, while 13 out of 14 isolates were susceptible to Erythromycin. The same authors also noticed that all 14 isolates exhibited resistance to nalidixic acid. Susceptibility to other antibiotics, such as penicillin, was variable. 

[bookmark: _Hlk174328190]The absence of hemolytic and gelatinase activity is considered essential safety prerequisites for evaluating potential probiotic strains as non-pathogenic (Divyashree et al., 2024). Gelatinase is considered a virulence factor due to its ability to hydrolyze collagen, potentially causing an inflammatory response (Leonardo & Pennypacker, 2009). The present study revealed that none of the five Lactobacillus isolates exhibited any hemolytic activity, gelatin liquefaction, or coagulase activity, identical to previous studies (Amenu & Bacha, 2023; Azevedo et al., 2024; Nandha & Shukla, 2023; Sengun et al., 2024). These findings indicate their suitability as safe probiotic candidates.

6 CONCLUSIONS 

[bookmark: _Hlk174329076]The current study involved the isolation of five strains of Lactobacillus bacteria from Klila, an Algerian fermented cheese product. Four isolates were identified as L. plantarum, while one was identified as L. fermentum. The isolates, in general, exhibited promising antioxidant capacity, aggregation properties, and significant antimicrobial activity against pathogens. These findings suggest that the isolates are promising probiotic candidates, with potential applications as natural preservatives or fermentation starters in the food industry. However, further experimental research is required to evaluate their probiotic potential in vivo, confirm their safety for human consumption by identifying the genes associated with virulence factors, and to exploring their potential use as therapeutic agents.



Acknowledgment: The authors would like to thank Prof. Madani Benyoucef, Director of the Laboratory of Geomatics, Ecology and Environment (LGEO2E), University of Mascara, Algeria, for his cooperation in providing the necessary research facilities to carry out this study.

Source of funding: This research did not receive any specific grant from public, commercial, or not-for-profit funding agencies.

Previous submissions: The manuscript has not been presented in any scientific forum or meeting.

Authors' Contribution: Samia Gharbi and Ahmed Saci: Conceptualization, data curation, investigation, resources, supervision, visualization, writing, and the original draft. All authors were responsible for formal analysis, methodology, software, validation, writing, review, and editing. Samia Gharbi: Project administration.

Conflicts of Interest: The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the work reported in this paper.

Preprint deposit: Authors did not share this manuscript as a preprint deposit. 

[bookmark: _References_1]REFERENCES

[bookmark: Abushelaibietal2017]Abushelaibi, A., Al-Mahadin, S., El-Tarabily, K., Shah, N. P., & Ayyash, M. (2017). Characterization of potential probiotic lactic acid bacteria isolated from camel milk. LWT-Food Science and Technology, 79, 316–325. https://doi.org/10.1016/j.lwt.2017.01.041 [Crossref][Google Scholar] [Publisher]

[bookmark: Akmanetal2021]Akman, P. K., Ozulku, G., Tornuk, F., & Yetim, H. (2021). Potential probiotic lactic acid bacteria isolated from fermented gilaburu and shalgam beverages. LWT, 149, 111705. https://doi.org/10.1016/j.lwt.2021.111705 [Crossref] [Google Scholar] [Publisher]

[bookmark: AmenuBacha2023]Amenu, D., & Bacha, K. (2023). Probiotic potential and safety analysis of lactic acid bacteria isolated from Ethiopian traditional fermented foods and beverages. Annals of Microbiology, 73(1), 37. https://doi.org/10.1186/s13213-023-01740-9 [Crossref] [Google Scholar] [Publisher]

[bookmark: Angmoetal2016]Angmo, K., Kumari, A., Savitri, & Bhalla, T. C. (2016). Probiotic characterization of lactic acid bacteria isolated from fermented foods and beverage of Ladakh. LWT - Food Science and Technology, 66, 428–435. https://doi.org/10.1016/j.lwt.2015.10.057 [Crossref] [Google Scholar] [Publisher]

[bookmark: Atanasovetal2023]Atanasov, N., Evstatieva, Y., & Nikolova, D. (2023). Antagonistic Interactions of Lactic Acid Bacteria from Human Oral Microbiome against Streptococcus mutans and Candida albicans. Microorganisms, 11(6), 1604. https://doi.org/10.3390/microorganisms11061604 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Azevedoetal2024]Azevedo, I., Barbosa, J., Albano, H., Nogueira, T., & Teixeira, P. (2024). Lactic Acid Bacteria isolated from traditional and innovative alheiras as potential biocontrol agents. Food Microbiology, 119, 104450. https://doi.org/10.1016/j.fm.2023.104450 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Azizetal2019]Aziz, G., Fakhar, H., Rahman, S. U., Tariq, M., & Zaidi, A. (2019). An assessment of the aggregation and probiotic characteristics of Lactobacillus species isolated from native (desi) chicken gut. Journal of Applied Poultry Research, 28(4), 846–857. https://doi.org/10.3382/japr/pfz042 [Crossref] [Google Scholar] [Publisher]

[bookmark: Balcázaretal2015]Balcázar, J. L., Subirats, J., & Borrego, C. M. (2015). The role of biofilms as environmental reservoirs of antibiotic resistance. Frontiers in Microbiology, 6. https://doi.org/10.3389/fmicb.2015.01216 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Baoetal2010]Bao, Y., Zhang, Y., Zhang, Y., Liu, Y., Wang, S., Dong, X., Wang, Y., & Zhang, H. (2010). Screening of potential probiotic properties of Lactobacillus fermentum isolated from traditional dairy products. Food Control, 21(5), 695–701. https://doi.org/10.1016/j.foodcont.2009.10.010 [Crossref] [Google Scholar] [Publisher]

[bookmark: Basbülbületal2015]Basbülbül, G., Özteber, M., & Biyik, H. H. (2015). Antibiotic resistance in lactic acid bacteria isolated from fermented dairy products and boza. The Journal of Microbiology, Biotechnology and Food Sciences, 4(6), 513. https://doi: 10.15414/jmbfs.2015.4.6.513-517 [Crossref] [Google Scholar] [Publisher]

[bookmark: Benamaraetal2022]Benamara, R. N., Benahmed, M., Ibri, K., Moussa Boudjemaa, B., & Demarigny, Y. (2022). Algerian extra hard cheese of Klila: A review on the production method, and microbial, organoleptic, and nutritional properties. Journal of Ethnic Foods, 9(1), 41. https://doi.org/10.1186/s42779-022-00157-0 [Crossref] [Google Scholar] [Publisher]

[bookmark: Bottaetal2014]Botta, C., Langerholc, T., Cencič, A., & Cocolin, L. (2014). In Vitro Selection and Characterization of New Probiotic Candidates from Table Olive Microbiota. PloS One, 9(4), e94457. https://doi.org/10.1371/journal.pone.0094457 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Bujnakovaetal2002]Bujnakova, D., & Kmet, V. (2002). Aggregation of Animal Lactobacilli with O157 Enterohemorrhagic Escherichia coli. Journal of Veterinary Medicine, Series B, 49(3), 152–154. https://doi.org/10.1046/j.1439-0450.2002.00526.x [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Choietal2018]Choi, A.-R., Patra, J. K., Kim, W. J., & Kang, S.-S. (2018). Antagonistic Activities and Probiotic Potential of Lactic Acid Bacteria Derived From a Plant-Based Fermented Food. Frontiers in Microbiology, 9, 1963. https://doi.org/10.3389/fmicb.2018.01963 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: ClementietAquilanti2011]Clementi, F., & Aquilanti, L. (2011). Recent investigations and updated criteria for the assessment of antibiotic resistance in food lactic acid bacteria. Anaerobe, 17(6), 394–398. https://doi.org/10.1016/j.anaerobe.2011.03.021 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Clsi2020]CLSI. (2020). M100-Performance Standards for Antimicrobial Susceptibility Testing (Version 30th ed). www.clsi.org

[bookmark: Collado2008]Collado, M. C., Meriluoto, J., & Salminen, S. (2008). Adhesion and aggregation properties of probiotic and pathogen strains. European Food Research and Technology, 226(5), 1065–1073. https://doi.org/10.1007/s00217-007-0632-x [Crossref] [Google Scholar] [Publisher]

[bookmark: DeAlmeida]De Almeida Júnior, W. L. G., Ferrari, Í. da S., de Souza, J. V., da Silva, C. D. A., da Costa, M. M., & Dias, F. S. (2015). Characterization and evaluation of lactic acid bacteria isolated from goat milk. Food Control, 53, 96–103. https://doi.org/10.1016/j.foodcont.2015.01.013 [Crossref] [Google Scholar] [Publisher]

[bookmark: DelaCruzandTorres2012]Dela Cruz, T. E. E., & Torres, J. M. O. (2012). Gelatin hydrolysis test protocol. Am Soc Microbiol. https://asm.org/ASM/media/Protocol-Images/Gelatin-Hydrolysis-Test-Protocol.pdf?ext=.pdf/1000 [Google Scholar] [Publisher]

[bookmark: Dempsey2022]Dempsey, E., & Corr, S. C. (2022). Lactobacillus spp. for Gastrointestinal Health: Current and Future Perspectives. Frontiers in Immunology, 13. https://doi.org/10.3389/fimmu.2022.840245 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Divyashreetal2024]Divyashree, S., Ramu, R., & Sreenivasa, M. Y. (2024). Evaluation of new candidate probiotic lactobacillus strains isolated from a traditional fermented food- multigrain-millet dosa batter. Food Bioscience, 57, 103450. https://doi.org/10.1016/j.fbio.2023.103450  [Google Scholar] [Publisher]

[bookmark: Djordjevicetal2002]Djordjevic, D., Wiedmann, M., & McLandsborough, L. A. (2002). Microtiter Plate Assay for Assessment of Listeria monocytogenes Biofilm Formation. Applied and Environmental Microbiology, 68(6), 2950–2958. https://doi.org/10.1128/AEM.68.6.2950-2958.2002 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Doukaki][bookmark: Edwardsetal1989]Doukaki, A., Papadopoulou, O. S., Baraki, A., Siapka, M., Ntalakas, I., Tzoumkas, I., Papadimitriou, K., Tassou, C., Skandamis, P., Nychas, G.-J., & Chorianopoulos, N. (2024). Effect of the Bioprotective Properties of Lactic Acid Bacteria Strains on Quality and Safety of Feta Cheese Stored under Different Conditions. Microorganisms, 12(9), 1870. https://doi.org/10.3390/microorganisms12091870 [Crossref] [PubMed] [Google Scholar] [Publisher]

Edwards, U., Rogall, T., Blöcker, H., Emde, M., & Böttger, E. C. (1989). Isolation and direct complete nucleotide determination of entire genes. Characterization of a gene coding for 16S ribosomal RNA. Nucleic Acids Research, 17(19), 7843–7853. https://doi.org/10.1093/nar/17.19.7843 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Elafifyetal2024]Elafify, M., Liao, X., Feng, J., Ahn, J., & Ding, T. (2024). Biofilm formation in food industries: Challenges and control strategies for food safety. Food Research International, 190, 114650. https://doi.org/10.1016/j.foodres.2024.114650 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Fayemi]Fayemi, O. E., Akanni, G. B., Sobowale, S. S., Oelofse, A., & Buys, E. M. (2023). Potential for increasing folate contents of traditional African fermented sorghum gruel (Motoho) using presumptive probiotic lactic acid bacteria. Journal of Food Composition and Analysis, 115, 104850. https://doi.org/10.1016/j.jfca.2022.104850 [Crossref] [Google Scholar] [Publisher]

[bookmark: Gómezetal2016]Gómez, N. C., Ramiro, J. M. P., Quecan, B. X. V., & De Melo Franco, B. D. G. (2016). Use of Potential Probiotic Lactic Acid Bacteria (LAB) Biofilms for the Control of Listeria monocytogenes, Salmonella Typhimurium, and Escherichia coli O157:H7 Biofilms Formation. Frontiers in Microbiology, 7. https://doi.org/10.3389/fmicb.2016.00863 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Guanetal2020]Guan, C., Chen, X., Jiang, X., Zhao, R., Yuan, Y., Chen, D., Zhang, C., Lu, M., Lu, Z., & Gu, R. (2020). In vitro studies of adhesion properties of six lactic acid bacteria isolated from the longevous population of China. RSC Advances, 10(41), 24234–24240. https://doi.org/10.1039/D0RA03517C [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Hadefetal2023]Hadef, S., Idoui, T., Sifour, M., Genay, M., & Dary-Mourot, A. (2023). Screening of Wild Lactic Acid Bacteria from Algerian Traditional Cheeses and Goat Butter to Develop a New Probiotic Starter Culture. Probiotics and Antimicrobial Proteins, 15(2), 387–399. https://doi.org/10.1007/s12602-022-10000-2 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Hanchietal2022]Hanchi, H., Sebei, K., Mottawea, W., Al Kasaa, I., & Hammami, R. (2022). An agar-based bioassay for accurate screening of the total antioxidant capacity of lactic acid bacteria cell-free supernatants. Journal of Microbiological Methods, 195, 106437. https://doi.org/10.1016/j.mimet.2022.106437 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Hill]Hill, C., Guarner, F., Reid, G., Gibson, G. R., Merenstein, D. J., Pot, B., Morelli, L., Canani, R. B., Flint, H. J., Salminen, S., Calder, P. C., & Sanders, M. E. (2014). The International Scientific Association for Probiotics and Prebiotics consensus statement on the scope and appropriate use of the term probiotic. Nature Reviews Gastroenterology & Hepatology, 11(8), 506–514. https://doi.org/10.1038/nrgastro.2014.66 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Hudzicki2009]Hudzicki, J. (2009). Kirby-Bauer disk diffusion susceptibility test protocol. American Society for Microbiology, 15(1), 1–23. [Publisher]

[bookmark: Huligereetal2023]Huligere, S. S., Chandana Kumari, V. B., Alqadi, T., Kumar, S., Cull, C. A., Amachawadi, R. G., & Ramu, R. (2023). Isolation and characterization of lactic acid bacteria with potential probiotic activity and further investigation of their activity by α-amylase and α-glucosidase inhibitions of fermented batters. Frontiers in Microbiology, 13, 1042263. https://doi.org/ 10.3389/fmicb.2022.1042263  [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Ibrahim2016]Ibrahim, S. A. (2016). Lactic Acid Bacteria: Lactobacillus spp.: Other Species. In Reference Module in Food Science (p. B978008100596500857X). Elsevier. https://doi.org/10.1016/B978-0-08-100596-5.00857-X [Crossref] [Google Scholar] [Publisher]

[bookmark: Jenaetal2013]Jena, P. K., Trivedi, D., Thakore, K., Chaudhary, H., Giri, S. S., & Seshadri, S. (2013). Isolation and characterization of probiotic properties of Lactobacilli isolated from rat fecal microbiota. Microbiology and Immunology, 57(6), 407–416. https://doi.org/10.1111/1348-0421.12054 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Jinetal2021]Jin, Y., Luo, B., Cai, J., Yang, B., Zhang, Y., Tian, F., & Ni, Y. (2021). Evaluation of indigenous lactic acid bacteria of raw mare milk from pastoral areas in Xinjiang, China, for potential use in probiotic fermented dairy products. Journal of Dairy Science, 104(5), 5166–5184. https://doi.org/10.3168/jds.2020-19398 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Krausova][bookmark: Leeetal2021]Krausova, G., Hyrslova, I., & Hynstova, I. (2019). In Vitro Evaluation of Adhesion Capacity, Hydrophobicity, and Auto-Aggregation of Newly Isolated Potential Probiotic Strains. Fermentation, 5(4), 100. https://doi.org/10.3390/fermentation5040100 [Crossref] [Google Scholar] [Publisher]

Lee, S.-J., Jeon, H.-S., Yoo, J.-Y., & Kim, J.-H. (2021). Some Important Metabolites Produced by Lactic Acid Bacteria Originated from Kimchi. Foods, 10(9), 2148. https://doi.org/10.3390/foods10092148 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Leksiretal2019]Leksir, C., Boudalia, S., Moujahed, N., & Chemmam, M. (2019). Traditional dairy products in Algeria: Case of Klila cheese. Journal of Ethnic Foods, 6(1), 7. https://doi.org/10.1186/s42779-019-0008-4 [Crossref] [Google Scholar] [Publisher]

[bookmark: LeonardoandPennypacker2009]Leonardo, C. C., & Pennypacker, K. R. (2009). Neuroinflammation and MMPs: Potential therapeutic targets in neonatal hypoxic-ischemic injury. Journal of Neuroinflammation, 6(1), 13. https://doi.org/10.1186/1742-2094-6-13 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Leskaetal2022]Leska, A., Nowak, A., & Czarnecka-Chrebelska, K. H. (2022). Adhesion and Anti-Adhesion Abilities of Potentially Probiotic Lactic Acid Bacteria and Biofilm Eradication of Honeybee (Apis mellifera L.) Pathogens. Molecules, 27(24), 8945. https://doi.org/10.3390/molecules27248945 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Lietal2020]Li, M., Wang, Y., Cui, H., Li, Y., Sun, Y., & Qiu, H.-J. (2020). Characterization of Lactic Acid Bacteria Isolated From the Gastrointestinal Tract of a Wild Boar as Potential Probiotics. Frontiers in Veterinary Science, 7, 49. https://doi.org/10.3389/fvets.2020.00049 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Limsowtin2002]Limsowtin, G. K. Y., Broome, M. C., & Powell, I. B. (2002). Lactic acid bacteria, taxonomy. In Encyclopedia of Dairy Sciences (pp. 1470–1478). Elsevier. [Crossref] [Google Scholar] [Publisher]

[bookmark: Menconi2014]Menconi, A., Kallapura, G., Latorre, J. D., Morgan, M. J., Pumford, N. R., Hargis, B. M., & Tellez, G. (2014). Identification and Characterization of Lactic Acid Bacteria in a Commercial Probiotic Culture. Bioscience of Microbiota, Food and Health, 33(1), 25–30. https://doi.org/10.12938/bmfh.33.25 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Meradjietal2023]Meradji, M., Bachtarzi, N., Mora, D., & Kharroub, K. (2023). Characterization of Lactic Acid Bacteria Strains Isolated from Algerian Honeybee and Honey and Exploration of Their Potential Probiotic and Functional Features for Human Use. Foods, 12(12), 2312. https://doi.org/10.3390/foods12122312 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Mgomietal2023]Mgomi, F. C., Yang, Y., Cheng, G., & Yang, Z. (2023). Lactic acid bacteria biofilms and their antimicrobial potential against pathogenic microorganisms. Biofilm, 5, 100118. https://doi.org/10.1016/j.bioflm.2023.100118 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Namietal2019]Nami, Y., Vaseghi Bakhshayesh, R., Mohammadzadeh Jalaly, H., Lotfi, H., Eslami, S., & Hejazi, M. A. (2019). Probiotic Properties of Enterococcus Isolated From Artisanal Dairy Products. Frontiers in Microbiology, 10, 300. https://doi.org/10.3389/fmicb.2019.00300 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: NandhaandShukla2023]Nandha, M. C., & Shukla, R. M. (2023). Exploration of probiotic attributes in lactic acid bacteria isolated from fermented Theobroma cacao L. fruit using in vitro techniques. Frontiers in Microbiology, 14, 1274636. https://doi.org/10.3389/fmicb.2023.1274636 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: OSullivanandKlaenhammer1993]O’Sullivan, D. J., & Klaenhammer, T. R. (1993). Rapid Mini-Prep Isolation of High-Quality Plasmid DNA from Lactococcus and Lactobacillus spp. Applied and Environmental Microbiology, 59(8), 2730–2733. https://doi.org/10.1128/aem.59.8.2730-2733.1993 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Pauletal2023]Paul, C., Mishu, I. D., Miah, M. I., Bari, M. L., Rahman, S. R., & Malek, M. A. (2023). Isolation, identification and probiotic potential of lactic acid bacteria and yeas ts from commercial yogurt and homemade non-dairy fermented food “KANJI.” International Journal of Gastronomy and Food Science, 34, 100787. https://doi.org/10.1016/j.ijgfs.2023.100787 [Crossref [Google Scholar] [Publisher]

[bookmark: Pieniz]Pieniz, S., Andreazza, R., Anghinoni, T., Camargo, F., & Brandelli, A. (2014). Probiotic potential, antimicrobial and antioxidant activities of Enterococcus durans strain LAB18s. Food Control, 37, 251–256. https://doi.org/10.1016/j.foodcont.2013.09.055 [Crossref] [Google Scholar] [Publisher]

[bookmark: Razmietal2023]Razmi, N., Lazouskaya, M., Pajcin, I., Petrovic, B., Grahovac, J., Simic, M., Willander, M., Nur, O., & Stojanovic, G. M. (2023). Monitoring the effect of pH on the growth of pathogenic bacteria using electrical impedance spectroscopy. Results in Engineering, 20, 101425. https://doi.org/10.1016/j.rineng.2023.101425 [Crossref] [Google Scholar] [Publisher]

[bookmark: Ruiz]Ruiz-Ramírez, Y., Valadez-Blanco, R., Calderón-García, C., Chikindas, M. L., & Ponce-Alquicira, E. (2023). Probiotic and functional potential of lactic acid bacteria isolated from pulque and evaluation of their safety for food applications. Frontiers in Microbiology, 14, 1241581. https://doi.org/10.3389/fmicb.2023.1241581 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Sengunetal2024]Sengun, I. Y., Yalcin, H. T., Kilic, G., Ozturk, B., Peker, A. K., Terzi, Y., & Atlama, K. (2024). Identification of lactic acid bacteria found in traditional Shalgam juice using 16S rRNA sequencing and evaluation of their probiotic potential in vitro. Food Bioscience, 60, 104300. https://doi.org/10.1016/j.fbio.2024.104300 [Crossref] [Google Scholar] [Publisher]

[bookmark: Shaaban]Shaaban, M., Abd El-Rahman, O. A., Al-Qaidi, B., & Ashour, H. M. (2020). Antimicrobial and Antibiofilm Activities of Probiotic Lactobacilli on Antibiotic-Resistant Proteus mirabilis. Microorganisms, 8(6), 960. https://doi.org/10.3390/microorganisms8060960 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Shehataetal2024]Shehata, M. G., Masry, S. H. D., Abd El-Aziz, N. M., Ridouane, F. L., Mirza, S. B., & El-Sohaimy, S. A. (2024). Probiotic potential of lactic acid bacteria isolated from honeybees stomach: Functional and technological insights. Annals of Agricultural Sciences, 69(1), 11–18. https://doi.org/10.1016/j.aoas.2024.06.001 [Crossref] [Google Scholar] [Publisher]

[bookmark: Shietal2016]Shi, L. H., Balakrishnan, K., Thiagarajah, K., Mohd Ismail, N. I., & Yin, O. S. (2016). Beneficial Properties of Probiotics. Tropical Life Sciences Research, 27(2), 73–90. https://doi.org/10.21315/tlsr2016.27.2.6 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Sodaetal2003]Soda, M., Ahmed, N., Omran, N., Osman, G., & Morsi, A. (2003). Isolation, identification and selection of lactic acid bacteria cultures for cheesemaking. Emirates Journal of Food and Agriculture, 15(2), 51. https://doi.org/10.9755/ejfa.v15i2.5006 [Crossref] [Google Scholar] [Publisher]

[bookmark: Tavakolietal2017]Tavakoli, M., Hamidi-Esfahani, Z., Hejazi, M., Azizi, M., & Abbasi, S. (2017). Characterization of Probiotic Abilities of Lactobacilli Isolated from Iranian Koozeh Traditional Cheese. Polish Journal of Food and Nutrition Sciences, 67(1), 41–48. https://doi.org/10.1515/pjfns-2016-0003 [Crossref]  [Google Scholar] [Publisher]

[bookmark: Vijayakumaretal2015]Vijayakumar, M., Ilavenil, S., Kim, D. H., Arasu, M. V., Priya, K., & Choi, K. C. (2015). In-vitro assessment of the probiotic potential of Lactobacillus plantarum KCC-24 isolated from Italian rye-grass ( Lolium multiflorum ) forage. Anaerobe, 32, 90–97. https://doi.org/10.1016/j.anaerobe.2015.01.003 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Xanthopoulos]Xanthopoulos, V., Litopoulou-Tzanetaki, E., & Tzanetakis, N. (2000). Characterization of Lactobacillus isolates from infant faeces as dietary adjuncts. FoodMicrobiology, 17(2), 205–215. https://doi.org/10.1006/fmic.1999.0300 [Crossref] [Google Scholar] [Publisher]

[bookmark: Yangetal2019]Yang, C., & Yu, T. (2019). Characterization and transfer of antimicrobial resistance in lactic acid bacteria from fermented dairy products in China. The Journal of Infection in Developing Countries, 13(02), 137–148. https://doi.org/10.3855/jidc.10765 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: ZehirogluOzturkSarikaya2019]Zehiroglu, C., & Ozturk Sarikaya, S. B. (2019). The importance of antioxidants and place in today’s scientific and technological studies. Journal of Food Science and Technology, 56(11), 4757–4774. https://doi.org/10.1007/s13197-019-03952-x [Crossref] [PubMed] [Google Scholar] [Publisher]

Zhou, Y., Zhang, M., & Liu, H. (2015). Total antioxidant capacity of serum determined using the potassium permanganate agar method based on serum diffusion in agar. Bioinorganic Chemistry and Applications, 2015. https://doi.org/10.1155/2015/406071 [Crossref] [PubMed] [Google Scholar] [Publisher]





image1.png







image2.png







image3.png

®

Check for
Updates






image4.jpeg







image5.png







image7.png

Lactic acid hacteria Isolates

wner aaax
wert s
nnn P
- 1
wrer * P
807 Il 80
P L o L . ahak
T
xenn wven || axen wren
I .
60 609
£
£ g
Fao £ a0
£ 2
E &
g
H
20 20
0d od
el LEL L2 Py LPs [ 1R (] LR [
Lactic acid bacteria Isolates actic acld bacteria Isolates
-
C
ns
e
09 —_—
ns ns
. w AL N
"
0]
g
2
£ 4]
-
£
S
20
o
] LR 1] 1P3 P4







image70.png

Lactic acid hacteria Isolates

wner aaax
wert s
nnn P
- 1
wrer * P
807 Il 80
P L o L . ahak
T
xenn wven || axen wren
I .
60 609
£
£ g
Fao £ a0
£ 2
E &
g
H
20 20
0d od
el LEL L2 Py LPs [ 1R (] LR [
Lactic acid bacteria Isolates actic acld bacteria Isolates
-
C
ns
e
09 —_—
ns ns
. w AL N
"
0]
g
2
£ 4]
-
£
S
20
o
] LR 1] 1P3 P4







image8.jpeg

50

40+

3
<
L

(53
<
L

Inhibition zone (mm)

10

LP2 LP3 LP4

Lactic acid bacteria isolates

LP1 LF1

B S agrueus 0 S. epidermidis WM P. geruginosa WM F.coli WA B.cereus B Salmonella spp

" C.albicans WE Enterococcus spp






image9.jpeg

Halo zone diameter (mm)

20+

10 min
30 min
M 01h
© 04h
154 HE 24h
10+
] I
I I
I I
0-

LP1 LF1 LP2 LP3 LP4

Lactic acid bacteria isolates






image90.jpeg

Halo zone diameter (mm)

20+

10 min
30 min
M 01h
© 04h
154 HE 24h
10+
] I
I I
I I
0-

LP1 LF1 LP2 LP3 LP4

Lactic acid bacteria isolates






image6.png







