

  

Application of Lactiplantibacillus plantarum and Bacillus subtilis in Food Processing: Screening for Virulence Factors.

ABSTRACT
The identity and safety of two strains of Lactiplantibacillus plantarum and two strains of Bacillus subtilis, isolated from fermenting sweet potato broth and fermenting African yam beans seeds respectively, were evaluated using 16S rRNA gene sequences. The strains applicability for food fermentation were also practically determined.  The sequence analysis confirm that they are two strains of Lactiplantibacillus plantarum and two strains of Bacillus subtilis. The studied Bacillus subtilis FSB1 and Bacillus subtilis FSB2 strains fermented inoculated African yam bean seeds into good quality food seasoning within 48 h of fermentation. The produced African yam bean seasoning in wet seed, dry seed, and powder form compared favourably with purchased related market products in terms of aroma, appearance, colour, flavour, and taste. Also, both the single Lactiplantibacillus plantarum B1 and Lactiplantibacillus plantarum B4 strains, and the combined starters produced fermented products with the relevant yoghurt flavour within 24 h of milk fermentation. The fermented milk product favourably compared to purchased good quality market yoghurts in typical sensory attributes. Virulence profiling and vanA antibiotic resistance genes evaluation results suggested the absence of the studied gelE, hyl, sprE, asa1, cylA, esp virulence genes and vancomycin A resistance gene. This study demonstrated the safety and potential for application of the Lactiplantibacillus platarum and Bacillus subtilis strains in food processing.
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INTRODUCTION
Microbial food cultures are live bacteria, yeasts or molds used in food production (International Dairy Federation, 2018).  Food fermentation and related food processing techniques pre-existed before this century. The challenges of mitigating food wastages and meeting food security are still salient topics globally (Eda et al., 2022; FAO  2019). Food fermentation and food processing are key drivers in providing solutions to the lifetime challenges of food wastages and food insecurity. Furthermore, the drive to fulfil the global needs for high nutrition foods, healthy foods, dietary solutions to prevailing non-communicable diseases, etc., currently dictates continuous efforts to develop safe and effective starter cultures for bioprocessing of foods such as dairy products, cereals, legumes, grains, and the likes (Chancel et al., 2018; Waters et al., 2015).  Automation and large batch production of fermented foods necessitates the use of commercial starter cultures in food processing. Hence, the quest for safe, new, and improved industrially relevant microorganisms for food application is a continuous research activity. Discoveries of new microbial strains for food process application are constantly being reported by scientists from different countries (Gao et al., 2025; Eda et al., 2022; Chancel et al., 2018; Jeon et al., 2017; Waters et al., 2015; Onyibe et al., 2013). In like manner, improvement of existing microbial strains also occupies researchers’ activities. 
The primary benefit of fermentation is the conversion of complex compounds (e.g. carbohydrates, protein, fat) to smaller, simpler or/ and more readily usable end products/ molecules. Fermentation helps in enriching food through the development of unique flavours, aromas, and textures in food substrates. In addition, it makes nutrient such as protein, essential amino acids, essential fatty acids, and vitamins readily available and assimilable. Starter cultures are living microorganisms carefully cultivated under controlled conditions and incorporated into food products either singly or in defined combinations to ensure consistency and effectiveness in transforming a substrate into a desired product. Starter cultures reduce fermentation time and can influence the microbial ecology of the fermentation environment to promote desirable microbial growth while inhibiting spoilage organisms (Abouloifa et al., 2020; Waters et al., 2015). Published papers previously documented the effectiveness of lactic acid bacteria fermentations in food preservation (anti-microbial) and reduction of anti-nutritive and toxigenic factors, thus improving such foods safety (Bourdichon et al., 2019; Walters et al, 2015). The applied starter cultures contribute to flavour, texture, preservation, and nutritional characteristics of the final product by producing enzymes, acids, and other metabolites during fermentation (Gao et al., 2025; Chen et al., 2017).
Members of the genus Lactiplantibacillus occupy a variety of microbiota including fermented food, human and animal ecosystems, soil, plant and produce. The Lactiplantibacillus plantarum species are reported to have large genome when compared to other Lactic Acid Bacteria species (Sarvesh et al. 2022; Thomas, 2018) which possibly contributes to their diverse ecological adaptation and resourcefulness in technological applications. L. plantarum strains have been documented to produce antibacterial and antifungal compounds in fermented foods thus enhancing the safety profile of such foods (Waters et al., 2015). They are versatile microorganisms with high adaptability in different substrates and habitats. Lactiplantibacillus plantarum are gram-positive rod, non-spore-forming, and non-motile bacteria. The reclassification of Lactobacillus plantarum to Lactiplantibacillus plantarum echoes its general association with plants.  The Lactobacillus, now designated Lactiplantibacillus, species are mostly acknowledged as non-pathogenic. International Dairy Federation (2018) listed over eighty Lactobacillus species and three Bacillus species with demonstrated safety for food processing. However, foodborne lactobacilli are seen in recent times to present possible risk of antibiotic resistance gene transfer to other microorganisms within the biotic environment. Hence the need to continuously evaluate starter cultures and other food microorganisms as a means of safety and surveillance strategy. 
Bacillus subtilis, the earliest discovered species in the Bacillus genus, is a Gram-positive bacterium with a long history of use in traditional food production in many countries (Xinming et al., 2024). Bacillus subtilis species are commonly found in different habitats such as food, soil, animal and human body, water, etc. They are described as spore producing, gram positive, rod shaped, motile, facultative anaerobes, and catalase positive bacteria. B. subtilis is one of the few Bacillus species that has the status of ‘Generally Regarded As Safe’ (GRAS) given by the Food and drug administration of the United States of America. They have been essential industrial microbes widely applied in industrial processes and biotechnology. Some studies have reported toxins production features, virulence genes, and/ or antibiotic resistance genes in some species, thus impacting negatively on their safety profile (Gu et al., 2019). It is therefore very important to evaluate strain safety before application in food processes or related use. Just like Lactobacillus species, it has also been hypothesized that the commercial probiotic and food B. subtilis may possess virulence and antimicrobial resistance genes (Deng et al., 2021). This points to the need for proper evaluation of strains prior to industrial application.
Vancomycin-resistant bacteria (VRB) are important consideration in medicine and public health as they can cause life-threatening infections that appear to be resistant to therapy and persist in the body after medication (Almeida-Santos et al., 2025; Selim, 2022). Vancomycin is a glycopeptide mostly applied as a medication of last resort in infectious diseases. It acts as a cell envelop bactericidal antibiotic; affected cell ruptures as a result of osmotic pressure of the exposed cytoplasmic membrane of the cell. Resistance to vancomycin involves degradation of the natural precursor which vancomycin has affinity for and replacing with substitutes to which vancomycin has low affinity (Selim 2022; Stogios and Savchenko 2020). The spread of antibiotic resistance in bacteria have been linked to the mechanism of horizontal gene transfer. Horizontal gene transfer impairs successful antibiotic treatments of microbial infection due to possible transfer of antibiotic resistance genes to pathogens. Lactic acid bacteria are generally reported to have intrinsic vancomycin resistant due to their cell wall weak binding affinity to vancomycin (Selim, 2022; Devirgiliis et al 2013). 
This study aimed to isolate and apply indigenous bacteria strains for food processing. The applicable strains virulence genes and vancomycin resistance gene profile were evaluated. 

MATERIALS AND METHODS
Isolation of Lactiplantibacillus
Lactiplantibacillus strains were isolated from fermenting sweet potato broth by applying the Ajayi et al. (2016) method. Briefly, sweet potato tubers were washed, peeled, sliced into potable water, and allowed to ferment for 72 h. Broth samples were collected periodically at 24 h interval. Isolation was done using tenfold serial dilution of the broth and pour plate method on MRS (De Man Rogosa Sharpe) agar. Inoculated plates were incubated anaerobically at 37 oC for 21 ± 3 h using the anaerobic jar. The organisms that were successive throughout the fermentation period were selected as proposed starters. Selected isolates were screened morphologically and biochemically using the classical microbiological methods (Gram’s reaction, casein hydrolysis, starch hydrolysis, catalase test). Two potential isolates B1 and B4 were selected for further studies and trial fermentation application for yoghurt production.   
Preservation of Lactiplantibacillus isolates
Selected potential starter culture isolates B1 and B4 were preserved by freeze drying using milk and sucrose in ratio 2:1 as a carrier. 20 g of the carrier was weighed into round bottom flask, dissolved in 100 ml distilled water, sterilized in an autoclave at a temperature of 121 o C for 15 minutes, and allowed to cool before aseptically introducing 18 - 24 h pure cultures of the selected starter cultures. Each flask and content was placed in a freezer at - 20 °C for 12 h to freeze. Frozen samples were freeze-dried using the freeze drier (Thermoscientific Benchtop, USA) following the manufacturer’s instruction. Freeze dried cultures were packaged sealed in laminated Aluminium foils.
Isolation of Bacillus
The Bacillus subtilis strains were isolated from fermenting African yam bean (AYB) seeds using the modified method of Ehiwuogu-Onyibe et al. (2022). Carefully sorted dry African yam bean (AYB) seeds were roasted at 160 oC in a hot air oven. The beans were machine-dehauled to remove the seed coat, and then winnowed to separate the shaft from the beans. The obtained cotyledons were thoroughly rinsed in clean water, soaked in boiled water for 1 h, boiled for 20 minutes and allowed to cool under aseptic condition. The cooled AYB cotyledons were covered with washed disinfected plantain leaves lined in a clean basket and allowed to ferment at ambient temperature for 72 h. Samples of fermenting bean seeds were collected at every 24 h interval and serially diluted using the classical method of tenfold serial dilution. Using the pour plate method, 1 ml of the different diluents were plated out on Tryptose Soya Agar (TSA) and Nutrient Agar (NA). The well labelled plates were incubated at 37 oC for 18 – 24 h. Organisms that were predominant throughout the fermentation period were identified and isolated as potential starters.
Isolates were screened for the ability to hydrolyze starch and casein using modified methods of Amirreza et al. (2015) and Ouoba et. al. (2003). With a sterile inoculating loop, point inoculation of selected colonies was done on surface dried plates of starch agar and incubated at 35 ± 2 oC for 48 h. The plates were flooded with iodine solution after 48 h and examined for clear zones around the growth which indicates amylolytic activity.  For casein hydrolysis, fresh cultures of selected isolates were inoculated unto surface dried nutrient agar plates supplemented with 2 % casein and incubated at 35 ± 2 oC for 48 h. The plates were flooded with 20 % mercury chloride solution after 48 h. The clear zones around the growth was measured as an indicator of proteolytic activity. The isolates were presumptively identified using biochemical procedures (Amirreza et. al., 2015). 

Preservation of Bacillus Isolates
Each fresh culture of isolate was aseptically inoculated into nutrient broth and placed in a shaker incubator at 35 oC for 24 h. Isolate was centrifuged at 3000 rpm for 30 minutes and supernatants carefully drained off. The pellets were aseptically transferred into a round bottom lyophilizing flask containing 4 g of sterilized Sodium alginate as a carrier and subsequently freeze dried. Freeze dried cultures were packed in airtight sterile disposable sample bottles.

Molecular identification
The selected bacteria strains were identified by the 16S rRNA targeted PCR method. The two strains of Bacillus subtilis were molecularly identified applying the 16S rRNA targeted gene amplification. Genomic DNA was extracted from the cultures using the Quick-DNA™ Fungal/Bacterial Miniprep Kit (Zymo Research, Catalogue No. D6005). The 16S target region was amplified using OneTaq® Quick-Load® 2X Master Mix (NEB, Catalogue No. M0486) with the primers presented in Table 1. The PCR products were run on a gel and cleaned up enzymatically using the EXOSAP method.  The extracted fragments were sequenced in the forward and reverse direction (Nimagen, BrilliantDye™ Terminator Cycle Sequencing Kit V3.1, BRD3-100/1000) and purified (Zymo Research, ZR-96 DNA Sequencing Clean -up Kit™, Catalogue No. D4050). The purified fragments were analysed on the ABI 3500xl Genetic Analyzer (Applied Biosystems, ThermoFisher Scientific). BioEdit Sequence Alignment Editor version 7.2.5 was used to analyse the. ab1 files generated by the ABI 3500XL Genetic Analyzer and strain identifications were obtained by a BLAST search on NCBI (Altschul et al., 1997).
The four studied strains (Lactiplantibacillus plantarum B1, Lactiplantibacillus plantarum B4, Bacillus subtilis FBS1, Bacillus subtilis FBS2) were also molecularly identified using a universal bacteria primer set and lactic acid bacteria primers designed by Integrated DNA Technologies, Interleuvenlaan 12A 3001, Leuven, Belgium (Table 2). Genomic DNA was extracted from the bacteria isolates by a commercial DNA extraction kit (QIAamp, Hamburg Germany) according to the manufacturer’s instructions. Pure colonies of the bacteria grown on Oxoid TSA (Bacillus subtilis) and Oxoid MRS agar (Lactiplantibacillus plantarum) over night were harvested into a 1.5 mL microcentrifuge tube containing 1 mL of sterile water and vortexed to make a cell suspension, then centrifuged at 14,000 rpm for 2 minutes to obtain cell pellet. Bacterial cell pellet was suspended in 180 µL of lysozyme solution (20 mg/mL lysozyme, 20 mM Tris-HCL pH 8.0, 2 mM EDTA, 1.2% Triton) and incubated for 30 minutes at 37 oC. After incubation, 20 µL of proteinase K and 200 µL of buffer AL (QIAamp) were added and the mixture mixed by vortexing. The solution was incubated at 56 oC for 30 minutes and then further incubation for 15 minutes at 95 oC. After incubation, 200 µL of absolute ethanol was added and the solution was dispensed into a spin column and extracted DNA was washed twice with buffer AW1 and AW2 (QIAamp). The DNA was then eluted after washing with 200 µL of AE buffer (QIAamp). Extracted DNA was quantified using a Nanodrop spectrophotometer and stored at - 20 oC for further use.
The extracted DNA were amplified using the Universal and Lac genes primer pairs listed in Table 2. A 30 µL PCR reaction containing 6 µL 5X FIREPOL Solis Biodyne (Tartu, Estonia) master mix, 0.9 µL forward primer, 0.9 µL reverse primer, 4 µL DNA template, and 18.2 µL nuclease free water was carried out in a MiniAmp Plus thermal cycler (Thermo Fisher Scientific, Singapore). PCR programming conditions included initial DNA denaturation at 95°C for 5 minutes, followed by 35 cycles of denaturation at 95 °C for 30 s, annealing temperature shown in Table 2 for 30 seconds, extension at 72 °C for 30 seconds for the Universal and Lac genes, and final extension at 72 °C for 10 min. PCR products were electrophoresed at 100 V for 60 minutes in 1.5 % agarose gel stained with ethidium bromide and visualized under ultraviolet trans-illuminator (Cleaver Scientific Ltd). A 100 bp DNA ladder (Solis Biodyne, Estonia) was used as a molecular weight marker. The PCR products were run on a gel and cleaned up enzymatically using the EXOSAP method. The extracted fragments were sequenced in the forward and reverse direction (Nimagen, BrilliantDye™ Terminator Cycle Sequencing Kit V3.1, BRD3-100/1000) and purified (Zymo Research, ZR-96 DNA Sequencing Clean-up Kit™, Catalogue No. D4050). The purified fragments were analysed on the ABI 3500xl Genetic Analyzer (Applied Biosystems, ThermoFisher Scientific). Sequences generated were edited and filtered with FinchTV and Basic Local Alignment Search Tool (BLASTn) analysis on NCBI database (https://www.ncbi.nlm.nih.gov/) was done to obtain the identity of isolates.

Table 1: 16S Primer sequences 
	Primer
	Sequence 	
	Reference

	16S-27F
	AGAGTTTGATCMTGGCTCAG	
	Vanhee et al., 2024	

	16S-1492R
	CGGTTACCTTGTTACGACTT
	











Table 2. Universal Primer and LAC Primer sequences
 
	Primer            Sequence	                                         Annealing Temp.     Reference
LAC	        F- AGCAGTAGGGAATCTTCCA	               50 °C             Su et al. 2017

	                   R- CACCGCTACACATGGAG

Universal   F- TCCTACGGGAGGCAGCAGT	                 51 °C         Bala et al. 2014
                        R- GACTACCAGGGTATCTAATCCTGTT


LAC- Lactic Acid Bacteria, F- forward, R- reverse, Temp- temperature
Phylogenetic analysis
Phylogenetic analysis and taxonomic identification of studied strains to determine the genetic relatedness of the isolates with other strains available in the GenBank was conducted based on the 16S rRNA gene sequences. Sequence files of the samples, along with similar sequences retrieved from GenBank were exported to the Evolutionary Genetics Analysis (MEGA 11) software. Multiple sequence alignment was carried out using the CLUSTAL W tool. The aligned sequences were saved in MEGA format, and a phylogenetic tree was constructed based on a distance matrix computed using the Jukes-Cantor model and the maximum composite likelihood method (Tamura et al., 2021).  
In a second analysis, Multiple sequence alignment analysis was carried out on the sequence of the samples along with homologous GenBank sequences (>97% homology) using the CLUSTAW tool via the Molecular Evolutionary Genetics Analysis (MEGA version 12) software (Kumar et al., 2024). Phylogenetic tree was constructed for the aligned sequence using the Neighbour-Joining method. Evolutionary history was inferred using the Neighbor-Joining method (Saitou and Nei, 1987). The optimal tree with the sum of branch length = 0.001 is shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1,000 replicates) are shown next to the branches (Felsenstein, 1985). The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Tamura and Nei method (1993) and are in the units of the number of base substitutions per site. The analytical procedure encompassed 6 coding nucleotide sequences using 1st, 2nd, 3rd, and non-coding positions. The pairwise deletion option was applied to all ambiguous positions for each sequence pair resulting in a final data set comprising 891 positions. Evolutionary analyses were conducted in MEGA12 (Kumar et al., 2024) utilizing up to 7 parallel computing threads.

Virulence gene profile 
The virulence genes profile of the Lactilactobacillus strains and Bacillus strains were performed. The presence of virulence genes in the strains were investigated by using the primer pairs (forward and reverse primers) for gelE, hyl, vanA, sprE, asa1, cylA, and esp designed by Inqaba, South Africa, based on previously published primer sequences (Table 3).
Genomic DNA extraction from the bacteria was done with a commercial DNA extraction kit (QIAamp, Hamburg Germany) following the manufacturer’s instructions. Pure colonies of the bacteria grown on MRS agar for the strains and TSA for the Bacillus strains overnight were harvested into a 1.5 mL microcentrifuge tube containing 1 mL of sterile water and vortexed to make a cell suspension, then centrifuged at 14,000 rpm for 2 minutes to obtain cell pellet. Bacterial cell pellet was suspended in 180 µL of lysozyme solution (20 mg/mL lysozyme, 20 mM Tris-HCL, pH 8.0, 2 mM EDTA, 1.2% Triton) and incubated for 30 minutes at 37 oC. After incubation, 20 µL of proteinase K and 200 µL of buffer AL (QIAamp) were added and mixed by vortexing. The solution was incubated at 56 oC for 30 minutes and then further incubation for 15 minutes at 95 oC. After incubation, 200 µL of absolute ethanol was added and the solution was dispensed into a spin column. The extracted DNA was washed twice with buffer AW1 and AW2 (QIAamp). After washing, the DNA was then eluted with 200 µL of AE buffer (QIAamp). Extracted DNA was quantified using a Nanodrop spectrophotometer. The DNA was stored at -20 oC for further use.
Virulence determinants (gelE, hyl, cylA, asa1, esp, sprE) and vanA, were profiled in isolates using primers listed in Table 3. A 20 µL reaction mix containing 4 µL 5X FIREPOL Solis Biodyne (Tartu, Estonia) master mix, 0.6 µL forward primer, 0.6 µL reverse primer, 4 µL DNA template and 10.8 µL nuclease free water was carried out in a MiniAmp Plus thermal cycler (Thermo Fisher Scientific, Singapore). PCR programming conditions included initial DNA denaturation at 95 °C for 5 min, followed by 35 cycles of denaturation at 95 °C for 30 s, annealing temperature shown in Table 3 for 30 seconds, extension at 72 °C for 1 min and final extension at 72 °C for 10 min. PCR products were separated at 100 V for 60 minutes on 1.5% agarose gel stained with ethidium bromide, and visualized under ultraviolet trans-illuminator (Cleaver Scientific Ltd). A 100 bp DNA ladder (Solis Biodyne, Estonia) was used as a molecular weight marker.

Table 3: Virulence gene Primers  
	GENE
	SEQUENCE
	Annealing Temperature
	Reference

	GelE   F

           R
	GGTGAAGAAGTTACTCTGAC

GGTATTGAGTTATGAGGGGC
	51 °C
	Hashem et al., 2021

	hyl       F

           R
	ACAGAAGAGCTGCAGGAAATG 

GACTGACGTCCAAGTTTCCAA
	56 °C
	Biendo et al., 2010

	sprE     F

           R
	CTGAGGACAGAAGACAAGAAG

GGTTTTTCTCACCTGGATAG
	52 °C
	Hashem et al., 2021

	cylA     F

           R
	ACTCGGGGATTGATAGGC

GCTGCTAAAGCTGCGCTT
	56 °C
	Biendo et al., 2010

	asa1     F
  
           R
	GCACGCTATTACGAACTATGA

TAAGAAAGAACATCACCACGA
	56 °C
	Biendo et al., 2010

	esp       F

           R
	AGATTTCATCTTTGATTCTTGG

AATTGATTCTTTAGCATCTGG
	56 °C
	Nami et al., 2015

	van A   F

           R
	GGGAAAACGACAATTGC

GTACAATGCGGCCGTTA
	54 °C
	Biendo et al., 2010



Starter culture application
Trial production of fermented African yam bean seasoning using Bacillus subtilis FBS1 and Bacillus subtilis FBS2
The starter culture fermented African yam bean seasoning was produced using the method of Ehiwuogu-Onyibe et al. (2022) with modifications. Brown AYB seeds were sorted, cleaned, roasted at 160 °C in hot air oven, and thereafter dehulled using a dehulling machine. Dehulled seeds were soaked in water, leftover seed coats were removed, and cotyledons washed properly. The cotyledons were boiled for 20 minutes and allowed to cool under aseptic condition. Processed beans was weighed into a sterile stainless steel vessel, labelled accordingly, and inoculated with 1g of the applicable freeze dried starter culture per 100g of the processed beans. Inoculated culture was thoroughly incorporated into the beans using sterile spatulas and securely sealed. The mixture was allowed to ferment for 48 h at ambient conditions (24 – 28 oC, and 80 % relative humidity) by solid state fermentation. Processed beans sample without inoculation was included as a control. Samples were done in duplicates.  To produce dry fermented seeds, a portion of the fermented moist seeds were dried in a cabinet dryer at 50 – 55 °C. Portions of dried seed seasoning were thereafter milled into powder. Samples were sealed in sachet, evaluated, and compared with spontaneously fermented African yam beans for appearance and flavour.

Trial fermentation of milk into yoghurt using Lactiplantibacillus plantarum B1 and Lactiplantibacillus plantarum B4
Trial fermentation of milk to produce yoghurt using freeze dried Lactiplantibacillus plantarum strains was based on the modified method of Ehiwuogu-Onyibe et al. (2019). Full cream milk powder and sucrose were weighed into 50 ml of distilled water at a ratio of 4:1. The milk samples were dissolved, autoclaved at 121 oC for 15 min, and cooled to 44 oC. Each freeze dried culture (0.8 g of starter culture B1 and B4) were weighed separately and poured ascetically into the cooled autoclaved milk samples. A combined starter culture fermented product was also produced using the two strains combined. The inoculated milk samples were properly mixed and incubated at 37 oC for 24 h. Autoclaved milk sample without starter culture inoculation was included as a control. All the samples were done in duplicate. The produced yoghurt samples were evaluated on appearance, flavour, and taste compared to a market purchased quality yoghurt brand.

RESULTS AND DISCUSSION  
Molecular identification of strains
The 16S rRNA subunit is known as a universal gene shared by all bacteria. Species are described as groups of related organisms with genes that show their shared history, traits, and at times, ecology. A species is a monophyletic and genomically coherent group of individual organisms that show a high degree of overall resemblance with respect to many independent characteristics (Felix and Dellaglio, 2007). Relatedness among organisms can be estimated through the comparison of molecular sequences of their 16S rRNA encoding genes (Xinming and Akos 2024; Yoo et al., 2021; Zheng et al., 2020; Caro et al., 2015; Felix and Dellaglio, 2007). International Dairy Federation (2022) defined prokaryotic species as a phylogenetic component given as “the smallest diagnostic cluster of individual organisms within which there is a parental pattern of ancestry and descendants” and a taxonomic component given as “a group of related organisms that is distinguished from similar groups by constellation of significant genotypic, phenotypic, and ecological characteristics”. From the analysis of the sequences obtained from 16 S-27F and 16 S-1492R primers, the first blast result of the amplified 16S rRNA genes for Bacillus subtilis FBS1 and Bacillus subtilis FBS2 predicted Bacillus subtilis HG796154.1 and Bacillus subtilis MT114574.1 respectively for strain FBS1 and strain FBS2. The BLAST results correspond to the similarity between the queried sequence and the biological sequences within the NCBI database. This confirmed the identity of the Bacillus species to be Bacillus subtilis with 99.87 % and 99.89 % relatedness to Bacillus subtilis HG796154.1 for strain FBS1 and Bacillus subtilis MT114574.1 for strain FBS2 respectively (Table 4).
The amplified genes from the Lac primers were Sanger sequenced and confirmed studied starters B1 and B4 to be strains of Lactiplantibacillus plantarum. The partial 16S ribosomal RNA Lac gene sequence gave a 100 % and 99.64 % identity respectively for Lactiplantibacillus plantarum B1 in similarity with Lactobacillus plantarum KT000586.1 and Lactiplantibacillus plantarum B4 in similarity with Lactiplantibacillus plantarum MT375058.1. A second BLAST analysis of the strain B1 generated partial 16S ribosomal RNA gene sequence using the universal primer gave a 100 % identity with Lactiplantibacillus plantarum NR_115605.1. The 16S ribosomal RNA gene sequencing is commonly applied for the identification of bacteria. Organisms with less than 97 % 16S rRNA gene sequence identity are generally considered not related or poorly related and organisms with greater than 97 % identity scores are seen as groups of the same species that are closely related (Vetrovsky et al., 2013; Felis and Dellagio 2007). 
In evaluating universal primer and group specific primer pairs for lactic acid bacteria identification, Caro et al. (2015) inferred the possibility of error in identification by universal primer and a better identification with group-specific primers. They reported that the universal primer set presented some problems of misidentification, whereas the Lactobacillus-specific primer set gave better performance for the lactic acid bacteria identification. Song et al. (2003) also found inaccurateness when 16S rRNA gene sequences from reference strains were matched with sequences submitted to the gene bank. Authors also noted the possibilities of different primer sets of 16S rRNA genes resulting in different identifications depending on amplified gene regions used (Caro et al., 2015; Temmerman et al., 2004). The four investigated isolates were confirmed to be two Lactiplantibacillus plantarum strains and two Bacillus subtilis strains. The genes were deposited in GenBank with accession numbers PP348214 (Lactiplantibacillus plantarum B1), PP348215 (Lactiplantibacillus plantarum B4), PP374645 (Bacillus subtilis FBS1), and PP374646 (Bacillus subtilis FBS2).

Phylogenetic lineage 
Phylogenetic analysis based on 16S rRNA gene sequence was performed. The effective use of 16S rRNA gene sequence alignment in databases for genus and species levels identification have been documented (Vanhee et al., 2024; Zheng et al., 2020; Srinivasan et al., 2015; Altschul et al., 1997). The Lactiplantibacillus plantarum B4 formed lineage with Lactiplantibacillus fabifermentans NR 042676 isolated from Ghana cocoa fermentation (Figure 1). It has a relationship with Lactiplantibacillus herbarum isolated from Chinese fermented radish (a flowering plant that produces root vegetables). Strain Lactiplantibacillus plantarum B1 formed lineage with Lactiplantibacillus pinfangensis NR179289 strain isolated from traditional China pickle, and it is also closely related to Lactiplantibacillus nangangensis strain 381-7 China pickle. It shares > 99 % 16S rRNA gene sequence identity with Lactiplantibacillus plantarum strain chicken crop NR 104573.1. The two Bacillus subtilis strains, Bacillus subtilis FBS1 and Bacillus subtilis FBS2 formed phylogenic lineage (Figure 2), and they are closely related to Bacillus subtilis strain NN11 (MT114572) and Bacillus tequilensis strain 10b (NR104919). 
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Figure 1. Evolutionary relationships of isolates Lactiplantibacillus plantarum B1 and Lactiplantibacillus plantarum B4 isolated from fermenting sweet potato to other Lactiplantibacillus species isolated from other fermented food. Evolutionary distances were computed using the Maximum Composite Likelihood method, with the scale bar (0.01) representing the number of substitutions per site. 
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Figure 2. Evolutionary relationships of Bacillus subtilis FBS1 and Bacillus subtilis FBS2 isolated from fermented African yam beans seeds to other Bacillus species. Evolutionary distances were computed using the Maximum Composite Likelihood method, with the scale bar (0.002) representing the number of substitutions per site. 

In a second phylogenetic analysis, the isolates Lactiplantibacillus plantarum B1 and Lacticplantibacillus plantarum B4 clustered with known Lactiplantibacillus plantarum with 100% identity as shown in Figure 3. Strain B1 Lactiplantibacillus is closely related to Lactiplantibacillus  plantarum strain LAB164 (PQ797021.1), Lactiplantibacillus plantarum LPS4C (EF439684.1), and Lactobacillus plantarum strain LBH1062 (KT0005586.1) isolated from a beverage (pulque) made from maguey plant. Pulque is a traditional Mexican alcoholic drink. The B1 strain is also closely related to Lactiplantibacillus plantarum strain BL6 Lac1 (OM368499.1) isolated from Cocoa pulp and Lactiplantibacillus plantarum BL6 (OM368512.1) also isolated from Cocoa pulp. Bacterium strain Lactiplantibacillus plantarum B4 is closely related to Lactobacillus plantarum strain PMB2 (MT375058.1) isolated from Sour Yeast, Lactiplantibacillus argentoratensis strain HBUA553586 (MZ787657.1) isolated from Acidic-gruel, Lactobacillus plantarum strain HBUA552154 (MH473407.1) isolated from Zha-Chili, and Lactiplantibacillus plantarum strain HBUA556733 (OM301870.1) also isolated from Zha-Chili. The results are consistent with earlier work by Martino et al. (2016) who reported that Lactiplantibacillus species have many core genes and essential sequences which are conserved across strains and species. The conservation of the genes and sequences are observed in the phylogenetic tree constructed.
As shown in figure 4 the isolate FBS1 Bacillus subtilis and FBS2 Bacillus subtilis clustered with known Bacillus species. Isolates Bacillus subtilis FBS1 and Bacillus subtilis FBS2 shared 100% sequence identity with Bacillus subtilis, supporting their identification within this species. The results are consistent with earlier work by Jeong et al. (2013), who reported strong phylogenetic conservation among Bacillus sp isolated from fermented soybean products. FBS1 Bacillus subtilis is related to Bacillus sp YBT -003-B-5 (KT 223830.1) isolated from soil and Bacillus subtilis strain NG-ENU-P2 (PP976455.1) isolated from Locust beans seeds. It is also closely related to Bacillus subtilis strain GZD-23 (KC506778.1) isolated from cane field soil, Bacillus tequilensis strain BK206 (KY810609.2), Bacillus sp 3-10(JX576160.1) isolated from soil and Bacillus tequilensis strain EB19 (PP813694.1). FBS2 Bacillus subtilis is closely related to Bacillus sp Tp4 (EU855751.1) isolated from Thaumetopoea pityocampa, Bacillus tequilensis strain BK206 (KY810609.2) isolated from soil, Bacillus tequilensis strain SP-5 (PV571693.1) isolated from Rice rhizosphere soil, Bacillus subtilis strain GZD-23 (KC506778.1) isolated from cane field soil and Bacillus subtilis strain NN11 (MT114572.1) from soil.


Figure 3. A phylogenetic tree on the basis of 16S rRNA genes of Lactiplantibacillus plantarum B1 and Lactiplantibacillus plantarum B4 isolated from fermenting sweet potato to other Lactiplantibacillus species.
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Figure 4. A phylogenetic tree genes of Bacillus subtilis FBS1 (A) and Bacillus subtilis FBS2 (B) isolated from fermented African yam beans seeds on the basis of 16S rRNA to other Bacillus species.

Virulence genes and vanA resistance gene
The presence or absence of virulence genes gelE, hyl, cylA, asa1, esp, sprE and vanA, in the proposed starters were determined in this investigation. The method of gene PCR amplification with subsequent gene sequencing of obtained amplicon was used for virulence gene profiling. Strains were considered positive for the specific virulence gene if they had both PCR product size of the applicable virulence gene, in addition to a confirmed PCR sequence match to that of the virulence gene (Berreta et al., 2020).
The asa virulence genes promotes cell contact and adhesion to host cells. The hyl gene encodes hyaluronidase, a degrading enzyme associated with tissue damage and the esp gene encodes the extracellular surface protease, an enzyme that help the bacteria to adhere and colonise target cells and organs during cell invasion and/ or infection (Popovic et al., 2018; Koch et al., 2004; Waters et al., 2003). While cyl gene aids production of cytolysin which helps bacteria to impair host immune system macrophages and neutrophils, thus enabling cells to evade the host immunity (Upadhyaya et al., 2009), gelatinase and serine protease are involved in the breakdown/ degradation of host tissue. Gelatinase and haemolytic activities have been identified as two important virulence features in bacteria pathogenesis (Banwo et al., 2013; Koch et al., 2004). Zoletti et al. (2011) noted a difference between cells having the gelatinase gene and its expression. In like manner, authors previously reported the possibility of absence of virulence expression/ activity even when virulence gene was detected (Hashem et al., 2021; Yoo et al, 2021).  
Popovic et al. (2018) evaluated 75 dairy enterococci isolates, and did not detect gelatinase activity in any of their studied strains positive for the presence of the gelE gene. The authors reported that the presence of esp virulence genes correlated more to adhesion properties, an implication of effective gut colonization rather than to their virulence traits.  Also, the authors concluded a possible safe status of studied isolates as none of the tested dairy isolates showed cytotoxic effect in intestinal epithelial barrier. Results from previous studies indicated that virulence genes were more prevalent in clinical isolates than in food isolates (Medeiros et al., 2014). Kim et al. (2022) evaluated the safety of a Bacillus subtilis strain, isolated from Cheonggukjang, a traditional Korean fermented soybean food, for industrial application. They observed that antibiotic resistance and virulence gene did not exhibit transferability, and negative haemolytic activities. The studied B. subtilis strain had  no toxic effect in HaCat cells. Franz et al. (2001) previously also agreed with the suggestion that gelE genes could be silent even when present. In this investigation, all four isolates (Lactiplantibacillus plantarum B1, Lactiplantibacillus plantarum B4, Bacillus subtilis FSB1, Bacillus subtilis FSB2) were negative for the gelE, hyl, cylA, asa1, esp, and sprE virulence genes.
Vancomycin is a glycopeptide cell-wall targeting antibiotic active against gram-positive bacteria and it is bactericidal in action. It has been effectively used for treatments of various infections, including treatment for severe gram-positive bacterial infection. Its anti-bacterial antibiotic activities are applied against gram-positive bacteria such as Staphylococcus aureus, Staphylococcus epidermidis, enterococci, listeria, Bacillus species, pneumococci, corynebacteria, streptococci, Clostridium difficile, and many others. Vancomycin resistance may either be intrinsic or acquired. Reported vancomycin resistance genes in bacteria include vanA, vanB, vanC, vanD, vanE, vanG, vanL, vanM, vanN, vanO, and vanP (Almeida-Santos et al., 2025; Selim 2022; Xavier et al., 2021; Gudeta et al., 2014; Devirgiliis et al., 2013; Liu et al., 2009). The increase in the use of broad spectrum antibiotic vancomycin have been attributed with the increasing number of vancomycin-resistant enterococci and other human and animal gastrointestinal tract bacteria. Berreta et al. (2020) suspected that veterinary enterococci probiotics would have transferrable vanA or vanB resistant genes, thus hypothesising that probiotics (microbial supplements) consumed by veterinary animals could be a source of vancomycin resistance genes transfer in the food chain. Likewise, antibiotic resistant genes in starter cultures used for food processing, and consequently consumed by human, are now being considered risk factors in antibiotic resistance genes dissemination and global health burden. Vancomycin-resistant bacteria have attracted global attention as a high risk and a threat to public health with attendant high economic burden.
Several lactobacillus species are noted to display intrinsic resistance to vancomycin (Campedelli et al. 2019; Devirgilis et al., 2013). Devirgiliis et al. (2013) review of studies in foodborne lactobacilli inferred very low frequency of occurrence of antibiotic resistance determinants with lower potential for horizontal transmission to pathogens. Ammor et al. (2008) reported no vancomycin resistance in twenty-two (22) isolates of dairy L. plantarum, whereas Sarvesh et al. (2022) reported two strains of Lactiplantibacillus plantarum isolated from Indian food with vancomycin resistance genes. Liu et al. 2009 detected antibiotic resistance gene vanX in dairy L. plantarum isolate, but they could not establish its association with mobile element or horizontal transfer. Anisimova et al. (2022) documented 79 % lactobacilli probiotic products with resistance to vancomycin in their study, but vanA genes was not detected in any strain. Anisimova et al. (2022) detected thirteen Lactobacillus strains positive for the vancomycin resistance gene vanX, with vanA and vanE negative in their studied strains. High‐level vancomycin resistance is intrinsic in lactic acid bacteria, including those from the Leuconostoc and Lactobacillus groups, that are known to produce the D‐Ala‐D‐lac‐containing peptidoglycan precursors (Stogios and Savchenko 2020).  
While Almeida-Santos et al. (2025) concluded that van resistant gene in Enterococcus is located in plasmid and Tn1546 mobile element, Klein et al. (2000) observed that the lactobacilli vancomycin resistance gene lacks the capability for horizontal transfer. Selim (2022) posited that vancomycin is ineffective against lactic acid bacteria as these bacteria are genetically resistant to it, due to the weak affinity of vancomycin binding to their cell walls. In other words, vancomycin resistance in LAB is attributable to natural mechanism of resistance which may not be genetically transferable. Campedelli et al. (2019) investigated 182 Lactobacillus type strains and reported genes encoding ligase involved in vancomycin resistance in all genotype investigated. They documented that Lactobacillus strains showed high intrinsic (not transferable) resistance to vancomycin. Selim (2022) viewed the observation of failed VanA and VanB DNA probes hybridization with glycopeptide-resistant LAB as a suggestion that such resistant cells have natural ligase that catalysis the production of D-Ala-D-Lac instead of D-Ala-D-Ala that binds vancomycin with high affinity.    
Recognising that vancomycin resistant is a critical public health challenge due to the complexity and complication caused by vancomycin resistant bacteria, the studied strains were evaluated for the presence of vanA resistant gene. The four (4) studied strains (Lactiplantibacillus plantarum B1, Lactiplantibacillus plantarum B4, Bacillus subtilis FSB1, Bacillus subtilis FSB2) gave negative results for vanA gene profiling. 

Application of Lactiplantibacillus plantarum strains in yoghurt production
Yoghurt is produced through a milk fermentation process that transforms the milk substrate into a delightful and tasteful product known as yoghurt or fermented milk. The primary sensory attributes of yoghurt are texture, colour, appearance, and flavour (Thomas, 2018; Chen et al., 2017). Consumer acceptability of yoghurt is highly influenced by flavour which is determined by the human senses of taste and odour. The major components of milk are carbohydrate, protein, and fat. Flavour production results from microbial or starter culture activities (hydrolysis) of these major components of milk.  Flavour in yoghurt production during fermentation arise from the processes of glycolysis (carbohydrate breakdown), proteolysis (protein/ casein breakdown) or/ and lipolysis (fat/ lipid breakdown). The flavour type and concentration is attributable to the microbial species, in addition to key processing conditions. Chen et al. (2017) cited lactic acid, acetaldehyde, diacetyl, acetion and 2-butanone as major compounds that determine desirable yoghurt flavour depending on their concentration. They listed 90 identified compounds in yoghurt and described the flavour attributes of each compound (Chen et al., 2017). These flavour components have been documented to be produced by the traditional yoghurt starter culture species of Streptococcus thermophilus and Lactobacillus bulgaricus, and also by many Lactobacillus species. 
The potential of a starter culture to produce acceptable desirable flavour in fermented milk without the need to add additional natural or artificial flavour compound in produced yoghurt is key, and a highly sort after yoghurt starter culture selection characteristic. Eda et al. (2022) documented the potential application of legume seeds LAB isolates for commercial yoghurt starter culture production. Gao et al. (2025) reported the fermented milk flavour enhancing ability of Lp. plantarum CN2018 and noted that incorporating CN2018 significantly reduced the fermentation time and improved the texture of the fermented milk. In this investigation, both the single Lactiplantibacillus plantarum B1 and Lactiplantibacillus plantarum B4 strains, and the combined starters produced fermented products with relevant yoghurt flavour within 24 h of fermentation. The produced yoghurt samples favourably compared to purchased good quality market yoghurts in basic sensory attributes.

Application of Bacillus subtilis strains for seasoning production
The studied Bacillus subtilis FSB1 and Bacillus subtilis FSB2 strains fermented inoculated African yam bean seeds into food seasoning within 48 h of fermentation at ambient temperature. The produced African yam bean seasoning compared favourably with purchased related market products in terms of aroma, appearance, colour, flavour, and taste. The starter culture fermented AYB seasoning were produced and packed in different forms such as moist seeds, dried seeds, and powder as food condiment for seasoning. These can also be eaten as snack, or used as food fortifier.

CONCLUSIONS
We described two plant based Lactiplantibacillus plantarum strains (B1 and B4) isolated from fermenting sweet potato tubers, negative for gelE, hyl, sprE, cylA, asa1, esp, and vanA genes, with potential for application as starter cultures in milk fermentation into yoghurt and related products.  Also, the results obtained in this study revealed that the two investigated Bacillus subtilis strains, FSB1 and FSB2, isolated from fermenting African yam bean seeds are suitable candidates for use as starter cultures in bioprocessing of African yam bean seeds into food seasoning, condiment, and related fermented food products. The identities of the strains were confirmed by 16S rRNA sequence primers PCR amplification and database gene analysis. Their phylogenetic analysis showed linage with documented studied Lactiplantibacillus plantarum and Bacillus subtilis species. The results of evaluated virulence profile established the strains safety for food applications. In addition to their technological application, the strains probiotic and functional food production potential will be further investigated and exploited.
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