


In Vitro Characterization of Lactic Acid Bacteria from Fruits and Medicinal Plants for Probiotic Potential


Abstract 
Eighty-four bacterial isolates obtained from fruits and medicinal plant leaves were screened for probiotic potential. Twenty-eight lactic acid bacteria (LAB) demonstrated strong tolerance to simulated gastrointestinal conditions, with >80% survivability at pH 2, >45% at pH 3, and >65% survival in 0.3% bile salt. These isolates were further evaluated for antimicrobial activity against Staphylococcus aureus and Escherichia coli, of which five strains (JM3, BAN1, BAN5, KIW3, and TL4) exhibited moderate antagonistic effects. Antibiotic susceptibility profiling revealed predominantly intermediate resistance patterns, consistent with previously reported probiotic LAB, indicating acceptable safety characteristics. Phytase activity was detected in two strains, with BAN1 showing the highest activity, suggesting potential to enhance mineral bioavailability. Morphological and biochemical characterization identified all five selected isolates as Gram-positive, catalase-negative, rod-shaped bacteria belonging to the genus Lactobacillus. Based on their acid–bile tolerance, antimicrobial activity, antibiotic susceptibility profile, and phytase production, strains JM3 and BAN1 emerged as the most promising candidates. These findings indicate their potential application in functional foods and fermented products, warranting further molecular identification and in vivo validation.
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Introduction 
Lactic acid bacteria (LAB) constitute a large and heterogeneous group of Gram-positive, non-spore-forming microorganisms, which are traditionally classified based on their morphological, metabolic, and physiological characteristics (Morelli et al., 2011). The core genera within this group conventionally include Lactobacillus, Leuconostoc, Pediococcus, Aerococcus, and Streptococcus (Whitman et al., 2009). These bacteria predominantly colonise carbohydrate-rich environments, such as plants, fermented foods, and mucosal surfaces of mammals, including the oral cavity, gastrointestinal tract, and vaginal ecosystem.
LAB are nutritionally fastidious organisms, requiring media supplemented with a comprehensive range of nutrients, including vitamins, amino acids, and lipids, to support optimal growth. Owing to their distinctive metabolic and functional attributes, members of this group have been extensively exploited in various industrial applications, particularly within the food sector (Aureli et al., 2011).
The significance of lactic acid bacteria as a principal group of probiotic microorganisms is well recognised in contemporary scientific research. In recent years, numerous studies have focused on the identification and characterisation of probiotic LAB, with applications in the production of functional dairy products, fruit juices, and fermented plant-based foods such as cabbage, squash, green beans, and olives. These investigations underscore the growing interest in harnessing LAB for health-promoting and industrial purposes.
Plant leaves represent a promising source of bacterial genera, including Lactobacillus, Enterococcus, and Weissella. Although limited, the existing literature provides evidence supporting the functional and biochemical properties of probiotic strains isolated from the leaves of food crops, highlighting their potential as novel reservoirs of probiotic bacteria (Prasad et al., 1998; Yang et al., 2016). Currently, fruit juice could be serves as a good medium for cultivating probiotics (Mattila-Sandholm et al., 2002). The nutrients present in fruits may serve as an ideal food matrix for carrying probiotic bacteria. Thus, the aim of this study was to identify LAB isolates as probiotics, based on assessment of attributes necessary to qualify them as potential probiotic agent.
2. Material and methods 
2.1 Probiotic properties of the LAB strains
	A total eighty-four lactic acid bacteria which were previously isolated from fruits and medicinal plants were evaluated for potential probiotic properties. The methods used for evaluation of probiotic properties were mentioned in the following headings.

2.1.1 Resistance to low pH and bile salts
Resistance to bile salt was tested as described previously (Pelinescu et al., 2009) with some modifications. The LAB isolates were grown for 24 h in MRS broth at 37 °C. One millilitre of 24 h old culture was inoculated into 100 mL MRS broth whose pH was adjusted to 2, 3 and 7 using 1N HCl or NaOH. The growth of bacterial isolates was monitored by determination of OD at 620 nm after 24 h of incubation at 35 °C. Percentage difference between the variation of OD at pH 7 and OD at pH 2 and 3 would give an index of isolates surviving. The viable cell population was determined by spread plate method.
% Survival = ODpH7 - ODpH2/3   × 100
                           ODpH7
 The tolerance of LAB isolates to bile salt (BS) was evaluated in MRS media supplemented with bile salts using a modified method described by Pereira and Gibson (2002).  An aliquot of one mL of the 24 h old culture was inoculated to nine mL of sterile MRS broth containing 0.3, 0.6 and 1 % w/v bile salt. The growth of bacterial isolates was monitored by determination of OD at 620 nm after 24 h of incubation at 35 ºC. The viable cell population was determined by spread plate method. The percentage survival was calculated using the following formula.
% Survival = OD0%BS – OD0.3 %BS        × 100
                                 OD0%BS 
2.1.3 Antibiotic susceptibility test 
The antibacterial susceptibility of the isolates on MRS agar plates was evaluated using the disc diffusion method, as described by Klare et al. (2005). The assay was conducted as follows: LAB isolates were first inoculated into MRS broth and incubated at 37 °C. The resulting culture turbidity was standardised to 0.5 McFarland units. A sterile cotton swab was then used to create a uniform lawn of the bacterial culture on the surface of MRS agar plates. This was achieved by streaking the entire plate three times, rotating the plate by 60° between each streaking, to ensure even distribution of the inoculum. Later, seven antibiotics like, neomycin (30µg), tetracycline (30µg), chloramphenicol (30µg), gentamycin (10µg), penicillin(10µg), co-trimoxazole (25µg) and streptomycin (10µg) were placed aseptically on the inoculated plates and incubated at 37 ºC for 24 h. The diameter of the zone of inhibition was measured and expressed as sensitive (S: 26-33 mm), intermediate (I: 12-16 mm) and resistant (R: 0-11 mm).
2.1.4 Antibacterial activity 
The antagonistic activity of the bacterial isolates against Escherichia coli MTCC 1687 and Staphylococcus aureus MTCC 737 was assessed by using spot-on lawn-assay (Schillinger and Lucke, 1989). Plates were incubated with inoculated culture for 24 h at 37 ºC and were observed for clear zone formation. The size of the clear zone was taken as directly proportionate to antagonistic activity of the bacterial isolates. Inhibition zone of more than 21 mm, 11-20 mm and less than 10 mm was reviewed as strong, intermediate and low inhibition, respectively (Anas et al., 2012).
2.1.5 Phytase plate assay
       The phytase activity of the bacterial isolates was evaluated using the method described by Bae et al. (1999) as follows. Bacterial isolates were cultured on a sodium phytate-containing medium at 30 °C and incubated for 48 hours. Following incubation, the plates were examined for the presence of clear zones around the colonies, indicative of phytate hydrolysis. To avoid false-positive results caused by acid production by the microbes, the plates were initially flooded with 2 % (w/v) aqueous cobalt chloride solution and allowed to stand for 5 minutes at room temperature. The cobalt chloride solution was then removed, and a freshly prepared detection solution—comprising equal volumes of 6.25 % (w/v) aqueous ammonium molybdate and 0.42 % (w/v) ammonium vanadate—was added. After a further 5 minutes of incubation, the detection solution was discarded, and the plates were examined for zones of phytate hydrolysis, confirming the presence of phytase activity.
2.2 Identification of finally selected lactic acid bacterial isolates by morphological and biochemical tests
 Gram’s staining, methyl red test, gas production from glucose, H2S production and catalase test were performed as per the standard procedures for the preliminary identification of LAB. The LAB strains were purified on MRS agar and studied for their form, colony characters by visual appearance. 
3. Results and discussion 
In this paper, significant effort has been made to select lactic acid bacteria isolated from fruits and medicinal plant leaves on the basis of the most important technological criteria in order to obtained probiotic lactic acid bacteria. To test the potential health benefits of probiotics, various features such as acid tolerance, bile tolerance, antibacterial activity, antibiotic susceptibility and phytase activity should be tested before its application in food. 
  
3.1 Probiotic potential of the LAB strains 
3.1.1 Resistance to pH and Bile 
Eighty-four strains previously isolated from fruits and medicinal plant leaves, were were screened for probiotic potential. Twenty-four strains exhibited excellent survival under highly acidic conditions (pH 2 and 3) (Table 1). One of the major criteria for selection of probiotic strain is to survive under low pH condition of stomach. Before reaching the gastrointestinal tract, probiotic bacteria must first survive transit through the stomach and have their health promoting effects as metabolically viable active cells when they reach the colon (Plaza-Diaz et al., 2019). Interestingly, twenty-eight LAB strains presented > 80 survivability at pH 2 and >45 per cent at pH 3, > 65 per cent percent for 0.3 per cent bile. Collectively, twenty-eight LAB strains performed best in vitro and were selected for further study. In a related study, Akalu et al. (2017) have found that out of thirty isolates, seventeen isolates showed remarkably high resistance to bile salt concentration of 0.3 per cent. Previous studies have reported that and more strains of L. plantarum isolated from various sources presented a survivability of about more than 80 per cent at pH 2 (Akalu et al., 2017; Rajoka et al., 2017). 
Table 1: Per cent survivability of lactic acid bacterial isolates at different pH and Bile salt levels
	Sl. No.
	Isolate code
	Per cent survivability 

	
	
	pH
	Bile

	
	
	2
	3
	0.3 %

	1
	AML
	70.44
	56.27
	19.23

	2
	APL1
	99.08
	71.08
	91.38

	3
	APL2
	96.57
	82.49
	89.53

	4
	APL3
	96.79
	69.03
	93.70

	5
	APL4
	92.76
	64.77
	69.97

	6
	APL5
	80.29
	78.40
	93.00

	7
	BAN1
	97.02
	50.80
	99.88

	8
	BAN2
	95.52
	60.30
	62.33

	9
	BAN3
	91.50
	57.67
	59.15

	10
	BAN4
	92.72
	65.48
	58.00

	11
	BAN5
	96.39
	92.59
	96.65

	12
	BAN6
	61.63
	69.03
	62.70

	13
	CL
	56.37
	41.97
	51.31

	14
	CUS
	46.10
	29.87
	90.76

	15
	GRP1
	31.42
	43.42
	8.45

	16
	GRP2
	73.94
	61.46
	36.70

	17
	GUA1
	97.57
	79.49
	65.16

	18
	GUA2
	99.21
	89.54
	68.16

	19
	GUA3
	98.49
	79.02
	91.53

	20
	GUA4
	86.36
	61.74
	92.92

	21
	GUA5
	87.07
	58.17
	99.59

	22
	GUA6
	82.34
	66.02
	77.65

	23
	INB1
	88.78
	84.60
	99.31

	24
	INB2
	86.06
	48.48
	96.45

	25
	INB3
	98.56
	77.70
	88.78

	26
	INB4
	98.81
	87.91
	85.82

	27
	INB5
	97.97
	82.94
	11.20

	28
	INB6
	98.00
	83.14
	18.63

	29
	JM1
	89.64
	86.47
	32.12

	30
	JM2
	94.31
	86.29
	85.18

	31
	JM3
	98.84
	86.30
	76.88

	32
	JM4
	80.03
	72.50
	91.66

	33
	KIW1
	85.98
	69.80
	36.67

	34
	KIW2
	8.80
	76.60
	82.18

	35
	KIW3
	86.40
	81.65
	91.10

	36
	KIW4
	78.69
	54.43
	17.30

	37
	KIW5
	30.99
	8.99
	16.98

	38
	KIW6
	66.50
	39.15
	8.66

	39
	MNT1
	76.23
	60.94
	33.40

	40
	MNT2
	97.74
	75.60
	44.45

	41
	MNT3
	72.14
	82.66
	28.37

	42
	MNT4
	76.61
	65.69
	6.87

	43
	MNT5
	97.71
	77.77
	18.49

	44
	ML1
	99.66
	66.00
	97.09

	42
	ML2
	78.62
	65.55
	17.68

	46
	ML3
	50.00
	66.36
	76.00

	47
	ML4
	63.56
	68.28
	23.98

	48
	ML5
	88.29
	9.57
	45.24

	49
	MM1
	96.1
	81.51
	65.15

	50
	MM2
	70.67
	75.73
	20.97

	51
	MM3
	79.20
	73.48
	52.13

	52
	MM4
	91.67
	24.76
	43.93

	53
	ORG1
	74.79
	67.89
	5.81

	54
	ORG2
	99.58
	77.70
	94.20

	55
	ORG3
	99.01
	82.00
	93.96

	56
	PAP1
	65.81
	74.10
	15.80

	57
	PAP2
	86.03
	66.19
	38.63

	58
	PAP3
	47.65
	10.46
	37.37

	59
	PAP4
	64.70
	71.93
	48.01

	60
	PAP5
	16.53
	13.46
	44.20

	61
	PAP6
	67.43
	69.85
	39.51

	62
	PAP7
	54.52
	66.55
	53.60

	63
	PL
	97.23
	80.78
	99.89

	64
	PR1
	25.00
	72.03
	71.92

	65
	PR2
	17.57
	67.57
	66.70

	66
	PINE1
	99.03
	85.71
	3.71

	67
	PINE2
	41.48
	19.25
	89.52

	68
	PINE3
	83.01
	40.09
	43.04

	69
	PINE4
	95.28
	81.57
	49.66

	70
	PINE5
	83.51
	36.26
	47.50

	71
	PMG1
	43.00
	61.08
	77.53

	72
	PMG2
	69.12
	68.87
	12.18

	73
	PMG3
	95.25
	47.79
	55.64

	74
	SPT1
	86.42
	62.50
	26.20

	75
	SPT2
	19.80
	88.81
	65.02

	76
	SPT3
	68.73
	78.03
	69.16

	77
	SPT4
	72.98
	71.93
	53.89

	78
	TMT
	82.65
	65.30
	9.56

	79
	TL1
	57.48
	68.02
	10.73

	80
	TL2
	96.88
	77.37
	96.08

	81
	TL3
	93.24
	42.34
	25.50

	82
	TL4
	96.13
	50.00
	85.91

	83
	TL5
	94.37
	95.62
	75.86

	84
	WM
	59.07
	68.32
	29.28



3.1.2 Antibacterial activity
Antimicrobial activity is one of the most crucial selection precedents for effective and novel probiotics. All twenty-eight LAB strains were subjected against the indicator microorganisms such as Staphylococcus aureus and Escherichia coli. Out of twenty-eight, five LAB isolates exhibited antibacterial activity against the indicator microorganisms tested, but degrees of antagonism varied among the LAB strains. Lactic acid bacterial strains BAN1 and KIW3 exhibited intermediary inhibition zone (11-20 mm) towards Escherichia coli. BAN5, JM3 and TL4 showed intermediary inhibition zone of diameter against the Staphylococcus aureus. The zone of lower inhibition was observed by remaining twenty-three isolates exhibited against Escherichia coli and S. aureus. However, none of the isolates showed strong inhibition towards tested pathogens. Overall, five of twenty-eight lactic acid bacterial strains JM3, TL4, KIW3, BAN1 and BAN5 were the most effective noticeable strains in inhibiting the growth of the test pathogens, were selected for further screening (Table 2). 
The antimicrobial activity of *Lactobacillus* isolates is largely attributed to the production of bioactive compounds, including organic acids (such as lactic, acetic, propionic, and succinic acids), hydrogen peroxide, low-molecular-weight antimicrobial metabolites, and bacteriocins. In a study by Osuntoki et al. (2008), *Lactobacillus* species isolated from fermented dairy products demonstrated inhibitory effects against clinically relevant pathogens, including enterotoxigenic *Escherichia coli*, producing a zone of inhibition of 4.2 mm. The isolates examined in the present study exhibited superior antimicrobial activity compared with these previously reported strains. Moreover, the antagonistic effects of our isolates against *E. coli* and *Staphylococcus aureus* were comparable to those reported for *Lactobacillus rhamnosus* isolated from human milk by Rajoka et al. (2017), indicating their strong potential as effective probiotic candidates with significant antibacterial properties.

Table 2: Antibacterial activity of lactic acid bacterial isolates against bacterial pathogens
	Sl. No.
	Isolate code
	Escherichia coli 
MTCC 1687
	Staphylococcus aureus 
MTCC 737

	1
	APL1
	L
	L

	2
	APL2
	L
	L

	3
	APL3
	L
	L

	4
	APL4
	L
	L

	5
	APL5
	L
	L

	6
	BAN1
	I
	L

	7
	BAN5
	L
	I

	8
	GUA1
	L
	L

	9
	GUA2
	L
	L

	10
	GUA3
	L
	L

	11
	GUA4
	L
	L

	12
	GUA5
	L
	L

	13
	GUA6
	L
	L

	14
	INB1
	L
	L

	15
	INB2
	L
	L

	16
	INB3
	L
	L

	17
	INB4
	L
	L

	18
	JM2
	L
	L

	19
	JM3
	L
	I

	20
	JM4
	L
	L

	21
	KIW3
	I
	L

	22
	ML1
	L
	L

	23
	ORG2
	L
	L

	24
	ORG3
	L
	L

	25
	PL
	L
	L

	26
	TL2
	L
	L

	27
	TL4
	L
	I

	28
	TL5
	L
	L


Degree of inhibition: 0-10mm, Low; 11-20mm, Intermediate; 21-30mm, strong
3.1.3 Antibiotic susceptibility 
The sensitivity of LAB to antibiotics is an important criterion for evaluating the safety of potential probiotics because they can be used for host antibiotic resistance genes, which can be transmitted horizontally to pathogens so current regulatory frameworks emphasize that probiotic strains intended for food or feed applications must not harbor acquired antimicrobial resistance determinants of clinical relevance (Binda et al., 2020, Jomehzadeh et al., 2020). 
In the present study, antibiotic susceptibility profiling of strains JM3, BAN1, BAN5, KIW3, and TL4 revealed predominantly intermediate resistance patterns against most tested antibiotics (Table 3). All the five selected LAB strains were intermediary resistance to gentamycin and penicillin. Strain JM3 showed sensitive to streptomycin but resistance to co-trimoxazole. All five LAB strains were resistance to neomycin except TL4. With the exception of KIW3, the remaining four strains showed intermediate resistance to tetracycline.BAN1 exhibited resistance to chloramphenicol while other four LAB strains showed intermediary resistance to chloramphenicol. BAN1, BAN5 and TL4 exhibited intermediary resistance to streptomycin, while KIW3 showed resistance to streptomycin and co-trimoxazole. These resistance patterns are consistent with intrinsic resistance characteristics commonly reported in Lactiplantibacillus and related LAB species, particularly toward aminoglycosides, which are generally attributed to reduced membrane permeability rather than acquired resistance mechanisms (Sharma et al., 2020; Campedelli et al., 2021). Recent investigations of food- and plant-origin LAB have similarly reported predictable antibiotic susceptibility profiles aligned with established probiotic safety frameworks (Binda et al., 2020; EFSA, 2023).
Collectively, the five LAB strains demonstrated acceptable antibiotic susceptibility characteristics within the framework of contemporary probiotic safety assessment and were therefore selected for further functional and molecular characterization.
3.1.4 Phytase activity 
Among five LAB strains were tested, two strains exhibited phytase activity (Table 3).  The phytase-producing capability of probiotic bacteria is a desirable functional trait, as it enhances mineral bioavailability during fermentation by hydrolyzing phytic acid (myo-inositol hexakisphosphate), a known antinutritional factor (Gupta et al., 2022; Kumar et al., 2021). Phytic acid chelates essential minerals such as iron, zinc, calcium, and magnesium, thereby reducing their solubility, intestinal absorption, and overall bioavailability. Microbial phytase activity during fermentation degrades phytic acid into lower inositol phosphates, consequently improving mineral accessibility and nutritional quality of plant-based foods (Lei et al., 2022).
In the present study, strain BAN1 demonstrated the highest phytase activity, producing a clear halo zone of 12 mm on agar medium supplemented with sodium phytate. Strain JM3 exhibited phytase activity approximately 5 mm lower than BAN1, while the remaining three LAB strains showed comparatively lower activity. These findings align with recent studies reporting variable phytase production among LAB isolated from plant and fermented food sources (Kumar et al., 2021; Gupta et al., 2022). Similarly, contemporary investigations have shown that certain strains of Bifidobacterium and Lactiplantibacillus possess significant phytase activity contributing to improved mineral bioavailability and functional food development (Singh et al., 2023).
Subsequently, the five selected LAB strains were subjected to preliminary morphological and biochemical characterization for taxonomic identification, consistent with standard probiotic screening protocols.
Table 3: Antibiotic susceptibility of lactic acid bacterial isolates

	Sl. No.
	Isolate code
	Antibiotics
	Phytase activity (mm)

	
	
	N
	TE
	COT
	C
	GEN
	S
	P
	

	1
	BAN1
	R
	I
	I
	R
	I
	I
	I
	12

	2
	BAN5
	R
	I
	I
	I
	I
	I
	I
	Nil 

	3
	JM3
	R
	I
	R
	I
	I
	S
	I
	5

	4
	KIW3
	R
	R
	R
	I
	I
	R
	I
	Nil

	5
	TL4
	I
	I
	I
	I
	I
	I
	I
	Nil


Note: N-Neomycin (30 µg), TE-tetracycline (30 µg), C- chloramphenicol (30 µg), GEN-gentamycin (10 µg), P-penicillin (10 µg), COT-co-trimoxazole (25 µg) and S- streptomycin (10 µg) 
Zone of Inhibition: Sensitive (S; 16-33 mm), Intermediate (I; 12-16 mm) and Resistant (R; 0-12 mm).
3.2 Morphological and biochemical characterization of lactic acid bacterial isolates
The selected LAB strains were tentatively identified as members of the genus Lactobacillus based on morphological and biochemical characterization (Table 4). All isolates were Gram-positive, catalase-negative, rod-shaped bacteria occurring singly or in pairs, which are key phenotypic characteristics of lactic acid bacteria belonging to the family Lactobacillaceae (Zheng et al., 2020; Bintsis, 2022). The Gram-positive reaction is attributed to the thick peptidoglycan layer enriched with teichoic acids in the cell wall, which retains the crystal violet–iodine complex during Gram staining. The catalase-negative reaction observed in all isolates indicates the absence of catalase enzyme, confirming their inability to decompose hydrogen peroxide (H₂O₂) into water and oxygen, a well-established trait of LAB due to their fermentative metabolism (Bintsis, 2022). Recent studies on food- and plant-derived LAB consistently report Gram-positive, catalase-negative, rod-shaped morphology as primary criteria for preliminary identification (Khusro et al., 2021; Sharma et al., 2020).
All isolates tested negative for hydrogen sulfide (H₂S) production and positive for the methyl red test. The absence of black precipitate formation in H₂S agar indicated that the isolates were unable to reduce sulfur-containing compounds to sulfide, further supporting their classification within LAB. These biochemical characteristics are consistent with descriptions of Lactobacillus and related genera under the revised taxonomy (Zheng et al., 2020).
Gas production patterns differentiated the isolates into fermentative groups. Strains JM3, BAN5, KIW3, and TL4 exhibited gas production from carbohydrate fermentation, while BAN1 did not produce gas. (Note: Under classical definitions, gas production is typically associated with heterofermentative LAB, whereas homofermentative LAB primarily produce lactic acid.) Such variability in fermentative metabolism has been documented among Lactiplantibacillus and related taxa (Zheng et al., 2020; Bintsis, 2022). All five strains tested positive in the methyl red assay, confirming stable acid production during glucose fermentation.
Colony morphology revealed circular, creamy-white colonies, and microscopic examination showed short rod-shaped cells, consistent with phenotypic descriptions of Lactobacillus species isolated from fermented foods and plant matrices (Khusro et al., 2021).
Based on their morphological, biochemical, and fermentative characteristics, strains JM3, BAN1, BAN5, KIW3, and TL4 were tentatively identified as Lactobacillus spp. Among them, JM3 and BAN1 demonstrated superior functional attributes and are promising candidates for application in fermented and functional food products. Molecular identification (16S rRNA gene sequencing) is recommended to confirm taxonomic status in accordance with current probiotic characterization guidelines.

Table 4: Biochemical and morphological characteristics of lactic acid bacterial isolates

	Sl. No.
	Isolate code
	Catalase test
	Gram reaction
	Gas production
	Methyl red test
	H2S production
	Colony shape & Color

	1
	JM3
	-
	+
	+
	+
	-
	Circular & creamy white

	2
	TL4
	-
	+
	+
	+
	-
	Circular & creamy white        

	3
	KIW3
	-
	+
	+
	+
	-
	Circular & creamy white

	4
	BAN1
	-
	+
	-
	+
	-
	Circular & creamy white

	5
	BAN5
	-
	+
	+
	+
	-
	Circular & creamy white


Note: Microscopic observation indicated that all the isolates were rod in shape.
Conclusion 
[bookmark: _GoBack]In conclusion of the work, lactic acid bacterial strains isolated in this study from the different fruit samples and medicinal plant leaves having in vitro properties that make them potential candidates for probiotic applications. Among the strains, LAB isolates from fruits samples predominantly exhibited interesting probiotic properties such as excellent pH and bile tolerance, suppression of pathogen growth under in vitro conditions. Furthermore, all tested strains predominantly exhibited intermediate resistance to several clinically relevant antibiotics. Collectively, these findings indicate that bacterial isolates derived from fruits and medicinal plant leaves possess promising attributes relevant to their application as potential probiotics. Consequently, further research is warranted to explore additional probiotic properties of these strains. In particular, in vivo studies are necessary to assess their functional efficacy and safety under physiological conditions, thereby determining their potential benefits for human health. Among the isolates, BAN1, BAN5, KIW3, JM3, and TL4 demonstrated notable probiotic traits, identifying them as strong candidates for the development of probiotic products. These strains have been shown to possess key probiotic characteristics, supporting their prospective application not only in the food industry but also in therapeutic or medical contexts. Their robust functional properties highlight their potential utility in both commercial and clinical probiotic formulations.
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