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PROBIOTIC POTENTIAL OF LACTIC ACID BACTERIA ISOLATED FROM TOMATO

ABSTRACT
Probiotics are beneficial microbes, primarily from the genera Lactobacillus and Bifidobacterium, that play a pivotal role in promoting host health through nutritional, immunological, and physiological functions. As a result, there has been a significant increase in global research and application of probiotics across the medical, food, and pharmaceutical industries. The present study aimed to isolate, identify, and characterise lactic acid bacteria strains from tomato with probiotic potential. Fresh tomato samples were procured from various markets within the Calabar metropolis. Presumptive LAB isolates were subjected to Gram staining, catalase testing, and assessments for capsule formation and ropiness.  Genomic DNA was extracted using the GenElute Bacterial Genomic DNA Kit. Antibiotic susceptibility was determined using the disc diffusion method with Neo-Sensitabs (Rosco Diagnostica, Denmark) on MRS agar. The result showed that all three isolates were able to grow at 2 % and 4 % NaCl concentrations; however, only isolate JGE-139 showed growth at 6.5% NaCl. All the isolates grew very well at 37°C and showed slight growth at 15°C and 45°C. All the isolates were sensitive to Ampicillin, Tetracycline, Chloramphenicol, and Erythromycin. The 16S rDNA of the isolates showed a percentage similarity to other species ranging from 99%-100%. Molecular identification via 16S rRNA sequencing confirmed the identity of the isolates as Lactobacillus plantarum (JGE-121), Lactobacillus paracasei (JGE-088), and Lactococcus lactis subsp. cremoris (JGE-139). These results highlight the probiotic potential of these LAB strains, especially JGE-139, for future applications in food preservation, gut health enhancement, or as adjuncts in treating gastrointestinal disorders. 





INTRODUCTION
Probiotics are defined by the World Health Organization (WHO) as “live microorganisms that, when administered in adequate amounts, confer a health benefit on the host” (Hill et al., 2014). These beneficial microbes, primarily from the genera Lactobacillus and Bifidobacterium, play a pivotal role in promoting host health through nutritional, immunological, and physiological functions (Ouwehand et al., 2002). One of their key contributions is the modulation of mucosal and systemic immunity, thereby supporting immune homeostasis (Saulnier et al., 2009). As a result, there has been a significant increase in global research and application of probiotics across medical, food, and pharmaceutical industries (Sanders et al., 2018).
To exert their beneficial effects, probiotics must remain viable and functionally active under the harsh conditions of the gastrointestinal tract (GIT), such as acidic pH and the presence of bile salts (Ranadheera et al., 2010). Recent studies have confirmed that certain lactic acid bacteria (LAB) exhibit strong resistance to these conditions, ensuring their survival and colonization in the GIT (Jiang et al., 2023). Once established, these microorganisms not only enhance intestinal microbiota balance but also combat gastrointestinal pathogens via antimicrobial mechanisms, such as organic acid and bacteriocin production (Kumar et al., 2015).
In addition to antimicrobial activity, probiotics have demonstrated significant antioxidant properties, helping to alleviate oxidative stress, a major factor in the pathogenesis of chronic conditions such as cancer, diabetes, cardiovascular diseases, and neurodegenerative disorders (Zhou et al., 2023). For instance, probiotics have been shown to enhance endogenous antioxidant systems by increasing levels of glutathione and total antioxidant capacity, while decreasing lipid peroxidation markers such as malondialdehyde (MDA) (Zheng et al., 2023).
Moreover, probiotics exhibit anti-inflammatory effects. A meta-analysis by Chen et al. (2025) reported that probiotic supplementation significantly reduced levels of pro-inflammatory cytokines such as TNF-α and C-reactive protein (CRP) in patients with metabolic and inflammatory disorders. Probiotics have also been associated with a range of other therapeutic functions, including anti-diabetic, anti-allergic, cholesterol-lowering, and immunomodulatory activities (Gill and Prasad, 2008; Hemarajata and Versalovic, 2013).
Lactic acid bacteria (LAB), especially those from the Lactobacillus genus, are among the most extensively studied probiotics. They have been granted GRAS (Generally Recognized as Safe) status by the U.S. Food and Drug Administration and a Qualified Presumption of Safety (QPS) status by the European Food Safety Authority (EFSA, 2023). These Gram-positive, catalase-negative, non-sporulating, and mostly non-motile bacteria thrive under anaerobic and microaerophilic conditions and exhibit optimal growth at mildly acidic pH (5.5 to 6.0) (Holzapfel et al., 2001; Axelsson, 2004). They are widely distributed in nature and are commonly isolated from fermented foods, plants, and the gastrointestinal tract of humans and animals (Zabat et al., 2018). LAB are not only involved in fermentation but also produce a variety of bioactive compounds with probiotic relevance, such as organic acids, hydrogen peroxide, and bacteriocins (Leroy and De Vuyst, 2004). These contribute to several physiological effects, including antitumor activity, lactose digestion, cholesterol reduction, gut microbiota modulation, and enhancement of immune function (De Vuyst and Leroy, 2007; Kumar et al., 2015). 
Although dairy products and the human gut have traditionally been major sources of probiotic isolates, recent investigations have focused on identifying new strains from plant-based and fermented food sources (Zhou et al., 2023). The present study aimed to isolate, identify, and characterize lactic acid bacteria strains from tomato with probiotic potential.
MATERIALS AND METHODS
Sample Collection
Fresh tomato samples were procured from various markets within the Calabar metropolis. The samples were aseptically collected in sterile containers and transported to the laboratory under refrigerated conditions (4 °C) for subsequent analysis. This approach aligns with standard practices for isolating LAB from vegetable sources (Ricci et al., 2020).
Isolation of Lactic Acid Bacteria (LAB)
Homogenized tomato samples underwent serial dilution and were plated on de Man, Rogosa, and Sharpe (MRS) agar (HiMedia Laboratories, India). The plates were incubated at 37 °C for 48 hours under anaerobic conditions to facilitate the growth of LAB. Distinct colonies were selected based on morphology, purified through repeated streaking, and maintained on MRS slants for further characterization (Ricci et al., 2020).	Comment by DOYIN MOJEED: How many grams of tomatoes was homogenized, which solution was used to homogenize? How was anaerobic condition maintained, was an anaerobic incubator used, or an anaerobic jar? Please state clearly the methods
Phenotypic and Biochemical Characterization
Presumptive LAB isolates were subjected to Gram staining, catalase testing, and assessments for capsule formation and ropiness. Growth capabilities were evaluated in MRS broth supplemented with varying NaCl concentrations (2%, 4%, and 6.5%) and at different temperatures (15°C, 37°C, and 45°C). Carbohydrate fermentation profiles were determined using the KB020 HiLacto Identification Kit (HiMedia) according to the manufacturer's instructions. These methodologies are consistent with recent studies on LAB characterization (Zhang et al., 2020).
Genomic Identification of LAB Isolates
Genomic DNA was extracted using the GenElute Bacterial Genomic DNA Kit (Sigma-Aldrich, USA). DNA quality and concentration were assessed via agarose gel electrophoresis and spectrophotometry, respectively. The 16S rRNA gene was amplified using universal primers 27F (5′-AGAGTTTGATCMTGGCTCAG-3′) and 1492R (5′-TACGGYTACCTTGTTACGACTT-3′). Sequencing was performed using the Sanger method on an ABI 3730XL DNA Analyzer. Sequence identities were confirmed through BLAST analysis against the NCBI database (Altschul et al., 1990).
Probiotic Characterization
Antibacterial Activity: The antibacterial potential of LAB isolates was evaluated using the agar well diffusion method against Salmonella typhi, Staphylococcus aureus, Listeria monocytogenes, Streptococcus pyogenes and Escherichia coli. Cell-free supernatants were obtained by centrifugation (4,000 g, 15 min) and filter-sterilized (0.22 μm). Indicator strains were inoculated into LB agar, and inhibition zones were measured post-incubation. This method is widely used to assess the antimicrobial activity of LAB (Islam et al., 2020).	Comment by DOYIN MOJEED: A better method would have been the agar spot technique since the research aims to identify the antibacterial activity of the bacteria itself not that of the metabolites produced by the bacteria
Acid Tolerance: LAB isolates were inoculated into MRS broth adjusted to pH 2.0, 2.5, 3.6. 4.8 and 6.6 using 1.0 M HCl. Cultures were incubated at 37 °C, and viable counts were determined at 0, 1, 2, 3, and 4 hours to assess acid tolerance. Survival under low pH conditions is a critical criterion for probiotic selection (Zhang et al., 2020).
Bile Salt Tolerance: Isolates were cultured in MRS broth containing 0.30%, 0.6%, 0.9%, and 1.2% (w/v) oxbile (Sigma, USA). Viability was assessed at 1, 2, 3, and 4 hours during incubation at 37 °C. Bile salt tolerance is essential for probiotic strains to survive in the gastrointestinal tract (Zhang et al., 2020).
Antibiotic Susceptibility: Antibiotic susceptibility was determined using the disc diffusion method with Neo-Sensitabs (Rosco Diagnostica, Denmark) on MRS agar. Antibiotics tested included ampicillin (10 µg), erythromycin (15 µg), chloramphenicol (30 µg), norfloxacin (10 µg), polymyxin B (150 µg), vancomycin (30 µg), gentamicin (10 µg), tetracycline (30 µg), and kanamycin (30 µg). Inhibition zones were measured after 24 - 48 hours of incubation at 37 °C, and results were interpreted following CLSI guidelines. Monitoring antibiotic resistance in LAB is crucial due to potential health implications (Akinyemi et al., 2023).
RESULTS 
Phenotypic and Biochemical Characterization of Selected Lactic Acid Bacterial Isolates
Figures 1 and 2 and Table 1 present the results of the phenotypic and biochemical characterization of the selected lactic acid bacterial isolates. The result from Figure 1 showed that all three isolates were able to grow at 2 % and 4 % NaCl concentrations; however, only isolate JGE-139 showed growth at 6.5% NaCl. Being mesophiles, all the isolates grew very well at 37°C and showed slight growth at 15°C and 45°C, as presented in Figure 2. The carbohydrate fermentation profile of the selected isolates, as presented in Table 1, was carried out using the API 50 CHL Kit. The isolates displayed variable degrees of utilization of the various sugars in the Kit.  Analysis of the 3 lactic acid bacterial isolates using API 50 CHL Kit identified two different genera. Isolates were able to ferment all the sugars like Glucose, Xylose, Cellobiose, Arabinose, Maltose, Galactose, Mannose, Mellibiose, Raffinose, Sucrose, Trehalose. 


	Comment by DOYIN MOJEED: Please revise the NaCl concentration
Figure 1: Growth of isolates at different NaCl concentrations


Figure. 2: Growth of isolates at different temperatures
Table 1: Carbohydrate fermentation test of the lactic acid bacteria isolated from tomato
	Isolate 
	Esculin hydrolysis
	Xylose
	[bookmark: _Hlk179459294]Cellobiose
	Arabinose
	Maltose
	Galactose
	Mannose
	Sucrose
	Melibiose
	Raffinose
	Trehalose

	JGE-121
	+
	+
	++
	++
	++
	+++
	+++
	++
	+
	-
	+

	JGE-088
	+
	+
	+
	++
	+++
	+++
	+++
	++
	++
	-
	-

	JGE-139
	+
	+
	++
	+++
	+++
	+++
	+++
	++
	++
	++
	+






Probiotics Characterization Studies of the isolates
The results of the probiotic characterization studies of the selected lactic acid bacterial isolates are presented in Table 2 and Figures 3 to 8. All the isolates were sensitive to Ampicillin, Tetracycline, Chloramphenicol, and Erythromycin. All the isolates except for JGE-121 were sensitive to Kanamycin. All the isolates were resistant to gentamicin, Norfloxacin, and Vancomycin. All the isolates showed a progressive reduction in log count during the experimental period of 3 hrs at an acid-toleran`t pH of 2.0. Upon plating of 3 hr acid-stressed cultures, JGE – 121 and JGE - 139 were found to be the most acid-tolerant isolates that showed log cycle reduction of 1.30 and 0.70, and 1.95 and 1.73 at pH 2.0 and pH 2.5, respectively. JGE – 088 was the most sensitive and showed a log reduction cycle of 0.73 and 0.98 at pH 2.0 and 2.5. All the isolates showed good bile tolerance at different levels of bile concentration from 0.3% to 1.2%. The isolates showed a progressive reduction in log count during the experimental period of 4 hours. Upon plating of 3 hr acid stressed cultures, JGE - 121 showed the log reduction of 0.71 and 2.00 at 0.9% and 1.2%, respectively, which showed that it is moderately tolerant. JGE-139 showed the log reduction of 0.67 and 0.63 at 0.9% and 1.2%, respectively, and was the most tolerant among the isolates at 1.2%
Molecular Characterization and Identification of the Lactic Acid Bacterial Isolates
[bookmark: _Hlk187934356]	The obtained 16S rDNA sequence from the isolates produced an exact match during the megablast search for highly similar sequences from the NCBI non-redundant nucleotide (nr/nt) database. The 16S rDNA of the isolates showed a percentage similarity to other species ranging from 99%-100%. The evolutionary distances computed using the Jukes-Cantor method were in agreement with the phylogenetic placement of the 16s rDNA of the isolates as follows: JGE-121 revealed a closely relatedness to Lactobacillus plantarum strain TMW.1708 (gb: CP017376.1). JGE-088 to Lactobacillus para casei strain LP02 (gb: CP039707.1) and JGE-139 to Lactococcus lactis subsp. cremoris EPSC (gb: AP024222.1) as presented in Table 3








Table 2:  Antibiotic sensitivity of the selected lactic acid bacteria isolated from cucumber and tomato
	Isolate
	Zone of inhibion of Antibiotics (mm)	Comment by DOYIN MOJEED: correct

	
	Amp
	Tet
	Kan
	Nx
	Gen
	Ch
	Ery
	Van

	JGE-121
	28.0±1.0b
	S
	24.0±1.0b
	S
	20.7±1.0a
	S
	1.0±0.0b
	R
	13.0±1.0a
	R
	25.7±0.6c
	S
	24.0±1.0c
	S
	1.0±0.0c
	R

	JGE-088
	33.0±1.0a
	S
	31.0±1.0a
	S
	1.0±1.0c
	R
	8.3±0.6a
	R
	2.0±1.0c
	R
	34.0±1.0a
	S
	32.0±1.0a
	S
	8.33±0.6a
	R

	JGE-139
	28.7±0.6b
	S
	21.7±1.5c
	S
	7.7±0.6b
	R
	1.3±0.6b
	R
	6.7±0.6b
	R
	28.3±0.6b
	S
	27.0±1.0b
	S
	2.0±1.0b
	R

	LSD (0.05)
	1.77
	
	2.38
	
	1.77
	
	0.98
	
	1.77
	
	1.51
	
	2.00
	
	1.35
	


abc mean values with different superscripts along the same column are significantly different (p < 0.05)
Keys:
[bookmark: _Hlk185408573][bookmark: _Hlk185408617]Amp – Ampicillin, Tet – Tetracycline, Kan- Kanamycin, Nx- Norfloxacin, Pb- Polymycin, Gen- Gentamycin, Ch- Chloramphenicol, Ery- Erythromycin, Van- Vancomycin
S: Sensitive		R: Resistant
The breakpoints for the antibiotic sensitivity/resistant in mm zone of inhibition according to EFSA guidelines: Amp and Van (≥17/≤14); Kan and Chl (≥18/≤12); Tet (≥19/≤14); Gen (≥15/≤12); Nx (≥17/≤12) and Ery (≥23/≤13)


Figure 3: Semi-log plot of the microbial load against time at different pH for JGE-121


Figure 4: Semi-log plot of the microbial load against time at different pH for JGE-088





Figure 5: Semi-log plot of the microbial load against time at different pH for JGE-139


Figure 6: Semi-log plot of the microbial load against time at different bile concentrations for JGE-121



Figure 7: Semi-log plot of the microbial load against time at different bile concentrations for JGE-088




Figure 8: Semi-log plot of the microbial load against time at different bile concentrations for JGE-139

Table 3: Identification of lactic acid bacterial isolates by 16S rRNA genes showing percentage similarities

	S/N
	Gene Bank isolates
	Accession number
	Bacteriocin positive isolates

	% Similarity


	1
	[bookmark: _Hlk179270187]Lactobacillus plantarum strain TMW.1708

	CP017376.1
	JGE-121
	98.10

	2
	[bookmark: _Hlk179269928]Lactobacillus para casei strain LP02

	CP039707.1
	JGE-088
	100.0

	3
	[bookmark: _Hlk179270147]Lactococcus lactis subsp. cremoris EPSC
	AP024222.1

	JGE-139
	100.0



DISCUSSION
The phenotypic and biochemical characterization of the selected lactic acid bacterial (LAB) isolates—JGE-121, JGE-088, and JGE-139, revealed their adaptability to moderate salt concentrations (2% and 4% NaCl), with only JGE-139 tolerating 6.5% NaCl. This salt tolerance suggests the potential of JGE-139 in food matrices with higher osmotic stress, aligning with findings by Zhang et al. (2021), who reported that salt-tolerant LAB are better suited for food fermentation and preservation. All isolates grew optimally at 37°C, confirming their mesophilic nature, while slight growth at 15°C and 45°C indicates a relatively narrow thermal range compared to thermophilic strains used in yogurt fermentation.
The carbohydrate fermentation patterns assessed using the API 50 CHL Kit showed all three isolates fermented a broad range of sugars, including glucose, xylose, arabinose, and raffinose. This ability to metabolize diverse carbohydrates confirms their metabolic versatility and supports their use in diverse substrates for probiotic or fermentation applications. Notably, JGE-139 demonstrated stronger fermentation profiles for raffinose and melibiose than JGE-121 and JGE-088, similar to reports by Li et al. (2022), who noted that such metabolic activity enhances gut colonization and competitive exclusion of pathogens.
Antibiotic susceptibility profiling revealed that all isolates were sensitive to Ampicillin, Tetracycline, Chloramphenicol, and Erythromycin but resistant to Gentamicin, Norfloxacin, and Vancomycin. This pattern is consistent with earlier studies by Ramos et al. (2020), where LAB exhibited natural resistance to certain antibiotics due to intrinsic cellular mechanisms. Importantly, the resistance to Vancomycin is common in LAB and not necessarily a public health concern, as confirmed by EFSA (2023), provided the resistance is non-transferable.
The probiotic evaluation under acidic and bile conditions demonstrated that all isolates tolerated low pH and bile salt concentrations to varying degrees. JGE-139 exhibited the highest bile tolerance at 1.2% with a minimal log reduction (0.63), suggesting strong survivability through the gastrointestinal tract. Acid tolerance was also highest in JGE-139, similar to studies by Abushelaibi et al. (2022), who found that high acid and bile resistance are critical indicators of probiotic viability and colonization in the gut. These traits make JGE-139 a promising probiotic candidate.
Molecular identification via 16S rRNA sequencing confirmed the identity of the isolates as Lactobacillus plantarum (JGE-121), Lactobacillus paracasei (JGE-088), and Lactococcus lactis subsp. cremoris (JGE-139). These species are well-documented bacteriocin producers with health-promoting benefits, including antimicrobial and immunomodulatory effects (Yi et al., 2022). The phylogenetic similarity of JGE-139 to L. lactis subsp. cremoris EPSC supports its superior probiotic traits, suggesting it may be exploited for functional food formulation or therapeutic applications targeting gastrointestinal health. Overall, the results indicate that these LAB strains, particularly JGE-139, hold strong potential as probiotic agents with industrial and health applications.
CONCLUSION
The phenotypic, biochemical, and molecular analysis of the lactic acid bacterial isolates—JGE-121 (Lactobacillus plantarum), JGE-088 (Lactobacillus paracasei), and JGE-139 (Lactococcus lactis subsp. cremoris), revealed distinct physiological and metabolic traits supporting their probiotic potential. All isolates showed mesophilic growth, moderate salt tolerance, and the ability to ferment various carbohydrates, demonstrating their adaptability to different food systems and gut conditions. Notably, JGE-139 showed excellent tolerance to high salt levels (6.5% NaCl), strong fermentation of raffinose and melibiose, and solid performance under acidic and bile stress conditions, emphasizing its potential to survive in harsh gastrointestinal environments. Additionally, antibiotic susceptibility profiles indicated that while the isolates are inherently resistant to certain antibiotics like gentamicin and vancomycin, they are still sensitive to several key antibiotics used in clinical settings, which is essential for their safe use in food and health industries. Molecular identification verified their identity and matched it with documented probiotic strains known for antimicrobial and immunomodulatory effects. Together, these results highlight the probiotic potential of these LAB strains, especially JGE-139, for future applications in food preservation, gut health enhancement, or as adjuncts in treating gastrointestinal disorders. Additional in vivo studies and functional tests are recommended to confirm their health benefits and safety.
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0.30%	1	2	3	4	12	10.8	9.4	8.1	0.60%	1	2	3	4	14.5	13	11.7	10.199999999999999	0.90%	1	2	3	4	13	11.2	10.1	8.6999999999999993	1.20%	1	2	3	4	10.6	9.4	8.3000000000000007	6.9	Time (h)


Log10 of microbial load 




JGE-121	15	37	45	0.02	0.39	0.01	JGE-088	15	37	45	0.03	0.47	0.01	JGE-139	15	37	45	0.02	0.56000000000000005	0.03	NaCl concentration


OD (600nm)




