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ABSTRACT
	Probiotic yeasts are specialized strains that can survive high acidic intestinal condition while retaining their sugar fermentation properties, promote gut health and enhance immune support. However, the production of indigenous probiotic food and beverages is hindered by the scarcity of these yeast strains. Hence, this study was designed to screen yeast strains for probiotic properties and evaluate their safety status. Yeast strains were isolated from palm wine and burukutu and identified using the ITS 26rDNA. Yeast isolates were further screened through in-vitro probiotic tests for tolerance to low pH, lysozyme, and bile salt; cell surface hydrophobicity, antagonistic potential and antibiotics susceptibility properties. DNase production, gelatinase and hemolytic activities were carried out as safety tests of the yeast strains. Data were analyzed using descriptive statistics and ANOVA at α0.05. Eleven yeast strains isolated from palm wine and burukutu were identified as Saccharomyces (54.54%), Pichia (18.18%), Trichopsoron (18.18%), and Meyerozyma (9.09%). Saccharomyces cerevisiae AZ71 and Meyerozyma caribbica DTO423-B5	were observed to have a survivability of 75.885% and 71.654% respectively above 70% at pH 3.0. There was a significant difference in the growth of yeast strains at 0.3% bile salt concentration with over 70% tolerance to lysozyme, cell surface hydrophobicity and auto-aggregation properties. There was a complete resistance to all the antibiotics and all the yeast strains were negative for DNase production, gelatinase and hemolytic activities. The results obtained in this study shows that indigenous alcoholic beverages can be a potential source of probiotic yeasts for food and beverage production.
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1. INTRODUCTION

[bookmark: _Hlk175418100][bookmark: _Hlk175418119]The Food and Agriculture Organization of the United Nations (FAO) and the World Health Organization (WHO) Joint Working Group  defined probiotics as live micro-organisms which, when given in sufficient quantities result in beneficial health effects on the host (FAO/WHO, 2002; Marsh et al., 2014; Gil-Rodríguez et al., 2015). Probiotics have been widely used by humans since prehistoric times, even before the discovery of microbes, and products from fermented milk were used by ancient Egyptians and Tibetan nomadic tribes (Fisberg and Machado, 2015; McFarland, 2015). Probiotic have reportedly since been isolated from a range of sources, including fruit surfaces, milk products, soil, and stool from humans (McFarland, 2015). Across different parts of Africa, various types of fermented food and beverages are common, and they constitute the major dietary intake of the population, especially those in the rural areas. In Ethiopia, ergo, commonly referred to African yoghurt is made from the spontaneous fermentation of camel, goat, or cow milk while in Morocco, jben is a traditional Moroccan cheese made from cow or goat milk. Other indigenous African fermented food products include kule naoto in Kenya, kivunde and rigouta in Tunisia, okpehe and ugba in Nigeria, poto poto in the Republic of Congo, pito and burukutu (fermented African beer from sorghum), which is common to many Tropical African countries like Ghana, Nigeria, Togo, Burundi, Ethiopia, and Kenya (Yafetto et al., 2022). The sugary sap of the African oil palm (Elaeis guineensis) and raphia palm (Raphia hookeri) produce palm wine, which is an alcoholic beverage commonly consumed in Nigeria, Ghana, Cameroon and other West African countries (Sanni and Lönner, 1993; Adesokan et al., 2020). These indigenous food and beverages all serve as a rich reservoir of various groups of microorganisms that are responsible for enhancing their nutritional and organoleptic properties. Although many species of Lactobacillus are well-known probiotic organisms, there is a growing body of research on the use of yeast as probiotics. Yeasts are widely used in biotechnology and industries for the mass manufacturing of fermented food products, including enzymes, acids, and vitamins. However, for probiotics to function effectively, they must be in a living condition in order to establish a symbiotic balance in the host digestive tract (Setta et al., 2020). Being resistant to antibiotics turns out to be a good thing for probiotic organisms, and yeasts are advantageous since they are unaffected by antibacterial agents. This characteristic of yeasts appears to be crucial for their application as a probiotic (Shruthi et al., 2022), and the possibility of antimicrobial-resistant Lactobacillus strains to transfer antibiotic resistance genes to pathogenic bacteria poses a serious hazard when being employed as probiotics. Since there is little chance of gene transfer between bacteria and yeast, using yeasts as probiotics is safe and recommended (Shruthi et al., 2022). Saccharomyces cerevisiae var boulardii is the most widely available probiotic yeast. In addition to enhancing the bioavailability of minerals through phytate hydrolysis, folate biofortification, and the detoxification of xenobiotics and fungal toxins, probiotic yeasts also support the gut health of humans and animals. Saccharomyces species  as well as other yeast strains have antibiotic resistance and the capacity to survive in the digestive environments, thus making them potential candidates  for development as new probiotics (Shruthi et al., 2022). Before potential probiotic yeast and bacterial strains are added to food products, their effectiveness and survivability within the gut environments needs to be properly evaluated. Hence, a number of specific requirements such as tolerance to low pH, lysozyme, and bile salt, cell surface hydrophobicity, antagonistic potential, and antibiotics susceptibility properties must be met by these strains in order for their probiotic qualities to be confirmed (Gotcheva et al., 2002). Hence, this research is aimed at assessing the possibility of Saccharomyces and non-saccharomyces yeasts to meet various probiotic requirements, which can prove them to be potential probiotics.

2. MATERIALS AND METHODS
a. Collection of sample and yeasts isolation
Samples of palm wine and burukutu used for the isolation of yeast for this study were sourced from various locations within Ibadan metropolis, Nigeria. The samples were immediately transported to the laboratory for microbiological analysis. Palm wine and burukutu samples were further processed following standard microbiological procedures for the isolation of yeast cultures. Yeast extract agar (YEA), Malt extract agar (MEA) and Yeast and mold agar (YMA) supplemented with 2% antibiotic stock (1% chloramphenicol and 1% chlortetracycline) to suppress bacterial growth were used for yeast isolation and sub-culturing for pure isolates (Danmadami et al., 2017). 
b. Characterization and Identification of yeast isolates
The microscopic characterization of yeast isolates for the cell shape, the presence of buds, and hyphae was caried out using a heat-fixed smear and viewed under Fluorescence microscope (Kenyence Fluorescence Microscope, Itasca, IL, USA) (Franco et al., 2012). The extraction of yeast chromosomal DNA was carried out using a MasterPure yeast DNA purification kit (Epicentre Biotechnologies, Madison, WI, USA) following the manufacturer’s instruction (Franco et al., 2012). Real-time PCR (Roche LightCycler 900, Indianapolis, IN, USA) for 26S rDNA sequence analyses was carried out based on the following protocol: denaturing at 94 ± 2 °C for 60secs, annealing at of 52 ± 2 °C for 120secs, and extension at 72 ± 2 °C for 120secs with a total of 30 amplification cycles. Primers (NL-1f = GCATATCAATAAGCGGAGGAAAAG; NL-4r = GGTCCGTGTTTCAAGACGG) used for all PCR amplification were obtained from Integrated DNA Technologies, Coralville, IA, USA (Kurtzman and Robnett, 1997) 
[bookmark: _Toc176812005]In-vitro screening of yeast isolates for probiotic properties
a. [bookmark: _Toc176812006]Tolerance to low pH
The tolerance of yeast cultures to acidic pH 3.0, 4.0, and 5.0 was carried out using yeast basal medium; 5g/L Bacto yeast extract (Fisher Bioreagents, Pittsburgh, PA 15275 USA), 10g/L Bacto peptone (Life Technologies Corporation, Detroit, MI 48201 USA) supplemented with 10mM/L glucose using the Biolog standard 96-well plates. The pH (Fisher Scientific Accumet Research AR25 Dual Channel pH/lon Meter, USA) of vessels containing the basal medium for each treatment was adjusted to the desired level (3.0, 4.0, and 5.0) using 1N HCl solution before autoclaving. To each Biolog standard 96-well plates (Corning Incorporated, Kennebunk, ME, 04043 USA), 20µL of yeast cell suspension in normal saline (Mac Farland Standard 1.0) was inoculated into 180µL of the adjusted yeast basal medium and incubated at 28 ± 2 °C for 72 hrs. Metabolic growth readings were taken at a frequency of 15 minutes using the Biolog’s OmniLog (Biolog Incorporated, Hayward, CA 94545, USA). Results obtained were analyzed using the OmniLog PM software (Biolog-Omnilog Data Collection 3.0) (Galli et al., 2022).
b. [bookmark: _Toc176812012][bookmark: _Toc176812007]Lysozyme tolerance
The tolerance of yeast cultures to lysozyme was assessed following the methods described by Lama and Tamang, (2022). Yeast cultures were grown overnight in YMB and harvested by centrifugation at 5000 rpm for 10 mins. After the removal of the supernatant, the cell pellets were resuspended twice in normal saline (pH 7.0) after vortexing, and the inoculum for each sample was prepared using a cell concentration equivalent to Mac Farland 1.0. To each well in the Biolog standard 96-well plate, 180µL of lysozyme broth (Thermo Fisher Scientific, Pittsburgh, PA 15275, USA) was added and 20µL of yeast suspension was inoculated and incubated in a Biolog Microstation plate reader at 28 ± 2 °C with initial absorbance (Ai) reading (OD600nm) taken at 0 hr. After 2hours of incubation, the final absorbance (Af) (OD600nm) was taken and the percentage tolerance for each yeast culture was calculated using the formula below.

c. Bile salt tolerance 
The tolerance of yeast cultures to different concentrations of bovine salt (dehydrated fresh bile salt) was carried out according to the method described by Gotcheva et al., (2002). An inoculum size of 20µL of actively growing yeast cells in normal saline (Mac Farland standard 1.0) was introduced into 180µL of yeast basal broth; 5g/L Bacto yeast extract (Fisher Bioreagents, Pittsburgh, PA 15275 USA), 10g/L Bacto peptone  supplemented with 0.3%, 0.6%, 0.9%, and 1.2% ox-bile (oxgall) (Fisher Bioreagents, Pittsburgh, PA 15275 USA) using the Biolog standard 96-well plates (Corning Incorporated, Kennebunk, ME, 04043 USA). Incubation was carried out using Biolog Microstation plate reader at 28 ± 2 °C with absorbance reading (OD600nm) taken at 30 mins intervals after a shake step for a period of 24 hrs.
d. [bookmark: _Toc176812009]Cell surface hydrophobicity using xylene and toluene
The cell wall hydrophobicity and hydrocarbon affinity of yeast cells was assessed using two different hydrocarbons viz; toluene and xylene according to the method described by Rosenberg, (1984). Prior to the investigation, yeast cells were grown in yeast and mold broth (YMB) (Fisher Bioreagents, OxoidTM, Pittsburgh, PA 15275 USA) at 28 ± 2 °C for 48 hrs and harvested by centrifugation at 6000 rpm for 10 mins. The yeast cells were further rinsed twice using phosphate buffer solution pH 7.0 and later resuspended in 3.0mL phosphate buffer solution in duplicates and the initial absorbance (Ao) at OD600nm was taken spectrophotometrically. To each 3.0mL yeast cells suspension in phosphate buffer, 0.6mL of the various hydrocarbons viz; toluene and xylene was added and vortexed for 3 mins and then incubated undisturbed at 28  2 oC for 1hr for separation into two aqueous phases. Upon the completion of the incubation period, the upper and creamy aqueous phase was carefully withdrawn and the final absorbance (A1) of the bulk aqueous portion at the bottom was taken at OD600nm. The percentage hydrophobicity of each sample was calculated using the formula below.

e. [bookmark: _Toc176812010]Auto-aggregation property
The percentage auto-aggregation of yeast cultures, which gives an indication of how well yeast strains can auto-aggregate to fight gut pathogens was assessed following the methods described by Lama and Tamang (2022). Yeast cultures were grown overnight in yeast and mold broth at 28 ± 2 oC after which they were harvested following a centrifugation step at 6000 rpm for 10 mins. Yeast cells were washed twice using phosphate buffer saline (PBS) solution pH 7.0, and after the second washing step, the yeast cells were resuspended in 5mL PBS and vortexed for 15 secs. After vortexing, 1.0mL of the cell suspension was taken from the upper layer of the cell suspension and the absorbance (OD600nm) was taken and marked as Ainitial while the remaining part of the cell suspension was allowed to settle by incubating it at 28±2 oC for 3 hrs. After incubation, 1.0mL from the undisturbed suspension was taken and absorbance taken at OD600nm and this was marked Afinal. The percentage of auto-aggregation of the cells was calculated following the formula given below.

f. [bookmark: _Toc176812008][bookmark: _Toc176812013]Antagonistic properties
The antagonistic property of the yeast cultures against gastrointestinal pathogens was tested using agar well diffusion method according to the method described by Hatoum et al., (2012). Prior to the analysis, yeast cultures were cultivated in yeast and mold broth (Fisher Bioreagents, OxoidTM, Pittsburgh, PA 15275, USA) at 28 ± 2 °C for 24 hrs. Similarly, pathogenic strains of Escherichia coli and Salmonella enterica subsp. enterica serovar Typhimurium which were used as the target pathogens were also cultivated in a nutrient broth and incubated at 28 ± 2 °C for 24 hrs.  Following the growth of the pathogens and yeast cultures, a lawn of the pathogenic strains was made on Mueller Hinton agar and then a cork borer was used to make a well at the center of each MH agar plate. To each well, 150µL of yeast metabolites (supernatant) in YMB was added after a centrifugation step at 12,000 rpm for 10 minutes. The plates were incubated at 30 ± 2 °C for 24 hrs. 
g. Antibiotics susceptibility properties of yeast isolates
The Bauer disc diffusion method was employed to assess the antibiotics susceptibility pattern of the yeast cultures to ten (10) selected antibiotics; Vancomycin (20µg/mL), Tobramycin (10µg/mL), Tetracycline (30µg/mL), Meropenem (10µg/mL), Linezolid (10µg/mL), Cefoxitin (30µg/mL), Erythromycin (15µg/mL), Clindamycin (2µg/mL), Colistin (25µg/mL), Ciprofloxacin (5µg/mL), Gentamycin (10µg/mL), Chloramphenicol (10µg/mL), Streptomycin (10µg/mL) (Bauer et al., 1966). The diameter of the zones of inhibition was measured and interpreted following the standards outlined by the Clinical and Laboratory Standard Institute (Clinical and Laboratory Standards Institute, 2020).
Safety assessment of yeast isolates for use as probiotics
a. [bookmark: _Toc176812018]Deoxyribonuclease (DNase) production test
The production of DNase by yeast strains was carried out using DNase agar and the test plates were incubated at 28 oC for 48hrs. A positive test result was inferred from the formation of a clear pink zone along the line of streaking against the original deep blue background of the medium, which is indicative of the production of DNase (Fernández-Pacheco et al., 2021a).
b. [bookmark: _Toc176812019]Gelatinase Activity
Gelatinase activity was carried out using 0.4% gelatin and a compounded tryptone-neopeptone-dextrose (TND) medium (tryptone 17.0g, neopeptone 3.0g, dextrose 2.5g, NaCl 5.0g, K2HPO4 2.5g and agar 20.0g). The test cultures were spot-inoculated on the petri dishes and incubated at 30 oC for 48hrs. After the incubation period, the petri dishes containing each culture was flooded with NH4SO4 and observed for the formation of a clear zone around the culture (Gupta and Malik, 2007).
c. [bookmark: _Toc176812020]Hemolysis test
The hemolytic tendencies of the yeast strains were carried out following the method described by (Fernández-Pacheco et al., (2021) with slight modification. In this method, a suspension of an overnight culture of the selected yeast strains was prepared using phosphate buffer solution to give a cell concentration of 105 cell mL-1. From this suspension, 5µL of each strain was dropped on the surface of Trypticase Soy Agar supplemented with 5% (w/v) sheep blood and incubated at 28 oC for 48hrs. After incubation, plates were observed for α, β, or non-hemolytic activity.
[bookmark: _Toc176812037][bookmark: _Hlk205408140]Statistical Analysis
All experimental setup in this research were carried out in duplicate and the data presented are the mean ± standard deviation. Data analysis was carried out using descriptive statistics and the analysis of variance (ANOVA) was also carried out with a statistical significance in difference set at 0.05 using JMP Pro 17 and Microsoft Excel 365 Software (Mercado Rueda, 2023).

1. RESULTS
a. Yeast isolation and identification
A total of eleven (11) yeast cultures were isolated from palm wine (54.54%) and burukutu (45.45%). The microscopic characteristics of the yeast isolates showed the presence of buds, vegetative hyphae as well as different cell shapes including globular and rods. Following the identification of the yeast isolates using the 26S rDNA, various yeast genera including Saccharomyces (54.54%), Pichia (18.18%), Trichosporon (18.18%), and Meyerozyma (9.09%) were observed with all strains having 99 percent similarity to those found on the NCBI database. Table 1. 





[bookmark: _Toc176293306][bookmark: _Toc176812057]Table 1: PCR Identification and accession number of yeast cultures isolated from palm wine and burukutu. All yeast cultures had 99% sequence similarity to those found on the NCBI database.
	[bookmark: _Hlk168426732]S/N
	Isolate code
	Isolate ID
	Accession number

	1
	P1
	Saccharomyces cerevisiae TEMD14
	PP935840

	2
	P3
	Saccharomyces cerevisiae UTAD1488
	PP935841

	3
	P4
	Saccharomyces cerevisiae Epagri26PP
	PP935842

	4
	P5
	Saccharomyces cerevisiae CTBRL78a
	PP935843

	5
	P7
	Saccharomyces cerevisiae AZ71
	PP935844

	6
	P8
	Pichia kudriavzevii 2Y48
	PP935845

	7
	BR2
	Saccharomyces cerevisiae YL2SF9-5
	PP935846

	8
	2BR7
	Pichia kudriavzevii K74
	PP935847

	9
	BR8
	Trichosporon asahii SDBR-S3-09
	PP935848

	10
	BR10
	Trichosporon asahii T100
	PP935849

	11
	PA24
	Meyerozyma caribbica DTO 423-B5
	PP935850



In-vitro screening of yeast isolates for probiotic properties
1. Tolerance to low pH
[bookmark: _Hlk179848318]The tolerance of yeast cultures to hydrochloric acid, which helps to evaluate how such strains will thrive in the gut system was assessed and the result obtained shows that some yeast strains isolated from palm wine and burukutu exhibit a reasonable level of hydrochloric acid tolerance, which makes them potential probiotic candidates. From the results obtained, there was an overall high level of growth inhibition at pH 3.0. However, Saccharomyces cerevisiae AZ71 and Meyerozyma caribbica DTO423-B5 were observed to have above 70% survivability at pH 3.0 with a survivability of 75.885% and 71.654 respectively. Table 2. 
2. Lysozyme tolerance
Out of all the eleven (11) yeast isolates tested for lysozyme tolerance, 100% of the cultures showed a high level of tolerance to lysozyme, which is above 70%. Despite this high level of tolerance, some yeast strains were observed to perform excellently better, thus making them potential candidates with probiotic properties. During this research, Saccharomyces cerevisiae YL2SF9-5 and Saccharomyces cerevisiae TEMD14 	were observed to have the highest level of tolerance to lysozyme with an average tolerance of 90.44±1.13% and 88.39±1.60% respectively. Table 2.
3. Bile salt tolerance 
The exposure of yeast cultures to bile salt, which is a major component of the gut system revealed that a few yeast strains used in the study have potential probiotic properties as they were able to survive the acidic conditions of the medium created by bile salt. Table 3-6 shows the tolerance of the various strains to bile salt. 

[bookmark: _Toc176293321][bookmark: _Toc176812071]Table 2: Survivability (%) of yeast isolated from palm wine and burukutu to low pH and lysozyme
	S/N

	Isolate ID
	pH
	
Lysozyme*

	
	
	3.0
	4.0
	5.0
	

	1
	Saccharomyces cerevisiae TEMD14
	45.08±0.13
	67.23±0.33
	96.96±0.13
	88.39±1.60

	2
	Saccharomyces cerevisiae UTAD1488
	53.39±0.03
	70.31±0.00
	116.19±0.23
	87.38±1.13

	3
	Saccharomyces cerevisiae Epagri26PP
	52.15±0.21
	61.04±0.21
	96.85±0.31
	83.89±3.54

	4
	Saccharomyces cerevisiae CTBRL78a
	36.77±0.32
	62.46±0.20
	50.77±0.34
	73.05±1.24

	[bookmark: _Hlk179847051]5
	Saccharomyces cerevisiae AZ71
	75.89±0.21
	34.54±0.03
	54.15±0.23
	88.08±0.78

	6
	Pichia kudriavzevii 2Y48
	62.19±0.00
	78.69±0.21
	84.69±0.00
	83.22±4.22

	7
	Saccharomyces cerevisiae YL2SF9-5
	50.35±0.32
	58.00±0.24
	62.96±0.02
	90.44±1.13

	8
	Pichia kudriavzevii K74
	14.89±0.00
	88.35±0.31
	79.08±0.21
	87.75±0.71

	9
	Trichosporon asahii SDBR-S3-09
	16.15±0.32
	21.46±0.00
	33.42±0.22
	85.91±0.54

	10
	Trichosporon asahii T100
	23.81±0.22
	45.35±0.03
	55.35±0.00
	82.01±0.72

	[bookmark: _Hlk179847061]11
	Meyerozyma caribbica DTO423-B5
	71.65±0.021
	76.19±0.22
	75.35±0.02
	73.69±1.27


* = Values are mean ± standard deviation of independent duplicate experiment.









4. 
30

[bookmark: _Toc176293322][bookmark: _Toc176812072]Table 3: Survivability (%) of yeasts in 0.3% bovine bile salt concentration
	Time (mins)
	S. cerevisiae TEMD14
	S. cerevisiae UTAD1488
	S. cerevisiae Epagri26PP
	S. cerevisiae CTBRL78a
	S. cerevisiae AZ71
	Pichia kudriavzevii 2Y48
	S. cerevisiae YL2SF9-5
	Pichia kudriavzevii K74
	T. asahii SDBR-S3-09
	T. asahii T100
	M. caribbica DTO 423-B5

	0
	35.50±0.50a
	36.50±0.50b
	36.50±0.50b
	36.00±0.00c
	36.00±0.00c
	35.00±0.00d
	36.00±0.00c
	36.00±0.00c
	33.00±0.00e
	32.00±0.00f
	34.00±0.00g

	30
	46.55±1.25a
	47.05±0.75b
	45.85±0.25c
	48.55±1.65d
	39.45±2.45e
	35.50±0.50f
	51.20±1.00g
	36.50±0.50h
	34.50±0.50i
	34.10±2.10j
	34.50±0.50j

	60
	47.55±0.25a
	48.05±0.75b
	45.85±0.25c
	50.55±2.65d
	41.95±2.95e
	36.00±0.00f
	55.20±0.00g
	37.50±0.50h
	35.50±0.50i
	36.60±1.60f
	35.50±0.50i

	90
	52.05±0.25a
	53.05±0.75b
	47.85±0.25c
	52.55±1.65a
	43.45±2.45b
	37.50±0.50d
	57.70±0.50e
	38.00±0.00d
	36.50±0.50f
	37.10±1.10d
	36.00±0.00f

	120
	54.05±0.75a
	54.05±0.75a
	51.35±1.25b
	56.55±2.65c
	45.45±2.45d
	39.00±0.00e
	56.20±0.00c
	42.50±0.50f
	37.00±0.00g
	38.60±1.60h
	37.50±0.50g

	150
	58.05±0.75a
	54.05±1.75b
	52.35±1.25c
	55.05±2.15b
	48.45±3.45d
	40.50±0.50e
	61.20±0.00f
	43.50±0.50g
	[bookmark: _Hlk168740612]37.50±0.50h
	[bookmark: _Hlk168740600]39.10±2.10e
	[bookmark: _Hlk168740621]38.00±1.00e

	180
	[bookmark: _Hlk168740161]61.55±3.25a
	57.05±0.25b
	56.35±1.25c
	56.05±1.15c
	47.95±2.95a
	40.50±1.50d
	[bookmark: _Hlk168740185]68.20±1.00e
	44.50±0.50f
	38.00±0.00g
	40.10±1.10d
	38.00±0.00g

	210
	67.55±1.25a
	57.05±0.25b
	56.85±0.75b
	57.55±1.65b
	51.45±2.45c
	43.50±0.50d
	69.70±0.50e
	46.50±0.50f
	39.50±0.50g
	39.60±0.60g
	40.00±2.00g

	240
	72.05±0.75a
	57.55±1.25b
	58.85±0.25c
	58.55±1.65c
	53.45±1.45d
	44.00±0.00e
	73.20±2.00a
	47.00±0.00f
	39.00±0.00g
	43.10±0.10e
	41.50±2.50h

	270
	75.55±0.75a
	64.05±1.75b
	61.85±0.75a
	63.55±2.65b
	56.95±2.95c
	45.50±0.50d
	76.70±3.50a
	46.00±1.00d
	42.00±0.00e
	45.10±1.10d
	41.50±3.50e

	[bookmark: _Hlk168740082]300
	[bookmark: _Hlk168740114]88.05±0.25a
	66.05±2.75b
	65.85±0.25b
	63.55±0.65c
	60.95±3.95bc
	48.50±0.50d
	88.20±3.00a
	48.00±1.00d
	43.00±1.00e
	48.10±1.10d
	42.00±1.00e


Mean ± standard deviation of independent duplicate experiments with different superscript across the rows are significantly different at 0.05
[bookmark: _Toc176293323][bookmark: _Toc176812073]








Table 4: Survivability (%) of yeasts in 0.6% bovine bile salt concentration
	Time (mins)
	S. cerevisiae TEMD14
	S. cerevisiae UTAD1488
	S. cerevisiae Epagri26PP
	S. cerevisiae CTBRL78a
	S. cerevisiae AZ71
	Pichia kudriavzevii 2Y48
	S. cerevisiae YL2SF9-5
	Pichia kudriavzevii K74
	T. asahii SDBR-S3-09
	T. asahii T100
	M. caribbica DTO 423-B5

	0
	35.50±0.50a
	36.50±0.50b
	36.50±0.50b
	36.00±0.00b
	36.00±0.00b
	35.00±0.00a
	36.00±0.00b
	36.00±0.00a
	33.00±0.00c
	32.00±0.00c
	34.00±0.00a

	30
	42.00±1.00a
	42.50±0.50a
	42.50±0.50a
	43.50±0.50b
	41.50±0.50c
	39.40±0.50d
	44.00±1.00e
	40.40±0.50f
	37.20±0.50g
	35.20±0.50h
	36.50±0.50i

	60
	43.00±0.00a
	43.50±0.50a
	42.50±0.50b
	45.50±0.50c
	44.00±0.00d
	39.90±0.00e
	48.00±0.00f
	41.40±0.50b
	38.20±0.50g
	37.70±0.00g
	37.50±0.50g

	90
	47.50±0.50a
	48.50±0.50b
	44.50±0.50c
	47.50±0.50a
	45.50±0.50d
	41.40±0.50e
	50.50±0.50f
	41.90±0.00g
	39.20±0.50h
	38.20±0.50i
	38.00±0.00h

	120
	49.50±0.50a
	49.50±0.50a
	48.00±1.00b
	51.50±0.50c
	47.50±0.50d
	42.90±0.00e
	49.00±0.00a
	46.40±0.50f
	39.70±0.00g
	39.70±0.00g
	39.50±0.50g

	150
	53.50±0.50a
	49.50±1.50b
	49.00±1.00b
	50.00±0.00b
	50.50±0.50b
	44.40±0.50c
	54.00±0.00a
	47.40±0.50d
	40.20±0.50e
	40.20±0.50e
	40.00±1.00e

	180
	[bookmark: _Hlk168740239]57.00±3.00a
	52.50±0.50b
	53.00±1.00c
	51.00±1.00d
	50.00±0.00d
	44.40±1.50e
	[bookmark: _Hlk168740256]61.00±1.00f
	48.40±0.50g
	40.70±0.00h
	41.20±0.50i
	40.00±0.00j

	210
	63.00±1.00a
	52.50±0.50b
	53.50±0.50c
	52.50±0.50b
	53.50±0.50c
	47.40±0.50d
	62.50±0.50e
	50.40±0.50f
	42.20±0.50g
	40.70±1.00h
	42.00±2.00g

	240
	67.50±0.50a
	53.00±1.00b
	55.50±0.50c
	53.50±0.50b
	55.50±1.50c
	47.90±0.00d
	66.00±2.00e
	50.90±0.00f
	41.70±0.00g
	44.20±1.50h
	43.50±2.50i

	270
	71.00±1.00a
	59.50±1.50b
	58.50±0.50c
	58.50±0.50c
	59.00±0.00b
	49.40±0.50d
	69.50±3.50e
	49.90±1.00d
	44.70±0.00f
	46.20±0.50g
	43.50±3.50h

	300
	83.50±0.50a
	61.50±2.50b
	62.50±0.50c
	58.50±1.50d
	63.00±1.00c
	52.40±0.50e
	81.00±3.00f
	51.90±1.00g
	45.70±1.00h
	49.20±0.50i
	44.00±1.00j


Mean ± standard deviation of independent duplicate experiments with different superscript across the rows are significantly different at 0.05






Table 5: Survivability (%) of yeasts in 0.9% bovine bile salt concentration
	Time (mins)
	S. cerevisiae TEMD14
	S. cerevisiae UTAD1488
	S. cerevisiae Epagri26PP
	S. cerevisiae CTBRL78a
	S. cerevisiae AZ71
	Pichia kudriavzevii 2Y48
	S. cerevisiae YL2SF9-5
	Pichia kudriavzevii K74
	T. asahii SDBR-S3-09
	T. asahii T100
	M. caribbica DTO 423-B5

	0
	35.50±0.50a
	36.50±0.50b
	36.50±0.50b
	36.00±0.00b
	36.00±0.00b
	35.00±0.00a
	36.00±0.00b
	36.00±0.00b
	33.00±0.00c
	32.00±0.00d
	34.00±0.00e

	30
	37.00±1.00a
	37.50±0.50a
	37.50±0.50a
	38.50±0.50b
	36.50±0.50a
	35.50±0.50c
	39.00±1.00d
	36.50±0.50e
	34.50±0.50f
	32.50±0.50g
	34.50±0.50f

	60
	38.00±0.00a
	38.50±0.50a
	37.50±0.50b
	40.50±0.50c
	39.00±0.00d
	36.00±0.00b
	43.00±0.00e
	37.50±0.50b
	35.50±0.50f
	35.00±0.00f
	35.50±0.50f

	90
	42.50±0.50a
	43.50±0.50b
	39.50±0.50c
	42.50±0.50a
	40.50±0.50d
	37.50±0.50e
	45.50±0.50f
	38.00±0.00e
	36.50±0.50g
	35.50±0.50h
	36.00±0.00h

	120
	44.50±0.50a
	44.50±0.50a
	43.00±1.00a
	46.50±0.50b
	42.50±0.50c
	39.00±0.00d
	44.00±0.00d
	42.50±0.50c
	37.00±0.00e
	37.00±0.00e
	37.50±0.50e

	150
	48.50±0.50a
	44.50±1.50b
	44.00±1.00b
	45.00±0.00b
	45.50±0.50b
	40.50±0.50b
	49.00±0.00a
	43.50±0.50c
	37.50±0.50d
	37.50±0.50d
	38.00±1.00e

	180
	[bookmark: _Hlk168740360]52.00±3.00a
	47.50±0.50b
	48.00±1.00c
	46.00±1.00d
	45.00±0.00e
	40.50±1.50f
	[bookmark: _Hlk168740373]56.00±1.00g
	44.50±0.50e
	38.00±0.00h
	38.50±0.50h
	38.00±0.00h

	210
	58.00±1.00a
	47.50±0.50b
	48.50±0.50c
	47.50±0.50b
	48.50±0.50c
	43.50±0.50d
	57.50±0.50e
	46.50±0.50f
	39.50±0.50g
	38.00±1.00h
	40.00±2.00i

	240
	62.50±0.50a
	48.00±1.00b
	50.50±0.50c
	48.50±0.50b
	50.50±1.50c
	44.00±0.00d
	61.00±2.00e
	47.00±0.00b
	39.00±0.00f
	41.50±1.50g
	41.50±2.50h

	270
	66.00±1.00a
	54.50±1.50b
	53.50±0.50c
	53.50±0.50c
	54.00±0.00b
	45.50±0.50d
	64.50±3.50e
	46.00±1.00f
	42.00±0.00g
	43.50±0.50h
	41.50±3.50i

	300
	78.50±0.50a
	56.50±2.50b
	57.50±0.50c
	53.50±1.50d
	58.00±1.00e
	48.50±0.50f
	76.00±3.00g
	48.00±1.00f
	43.00±1.00h
	46.50±0.50i
	42.00±1.00j


Mean ± standard deviation of independent duplicate experiments with different superscript across the rows are significantly different at 0.05





[bookmark: _Toc176293325][bookmark: _Toc176812075]Table 6: Survivability (%) of yeasts in 1.2% bovine bile salt concentration
	Time (mins)
	S. cerevisiae TEMD14
	S. cerevisiae UTAD1488
	S. cerevisiae Epagri26PP
	S. cerevisiae CTBRL78a
	S. cerevisiae AZ71
	Pichia kudriavzevii 2Y48
	S. cerevisiae YL2SF9-5
	Pichia kudriavzevii K74
	T. asahii SDBR-S3-09
	T. asahii T100
	M. caribbica DTO 423-B5

	0
	35.50±0.50a
	36.50±0.50b
	36.50±0.50b
	36.00±0.00b
	36.00±0.00b
	35.00±0.00a
	36.00±0.00b
	36.00±0.00b
	33.00±0.00c
	32.00±0.00d
	34.00±0.00e

	30
	31.65±0.55a
	34.40±2.60b
	35.05±1.95c
	38.50±0.50d
	33.40±3.60e
	35.50±0.50c
	32.36±1.34f
	36.50±0.50g
	31.40±2.60a
	27.70±0.60h
	34.50±0.50b

	60
	32.65±0.44a
	35.40±2.60b
	35.05±1.95b
	40.50±0.50c
	35.90±3.10b
	36.00±0.00d
	36.36±0.34e
	37.50±0.50f
	32.40±3.60a
	30.20±0.09g
	35.50±0.50b

	90
	37.15±0.94a
	40.40±2.60b
	37.05±1.95a
	42.50±0.50c
	37.40±3.60a
	37.50±0.50a
	38.86±0.84d
	38.00±0.00d
	33.40±3.60e
	30.70±0.40f
	36.00±0.00g

	120
	39.15±0.05a
	41.40±2.60b
	40.55±3.45c
	46.50±0.50d
	39.40±3.60e
	39.00±0.00e
	37.36±0.34f
	42.50±0.50b
	33.90±3.10g
	32.20±0.09h
	37.50±0.50f

	150
	43.15±0.05a
	41.40±1.60b
	41.55±3.45b
	45.00±0.00c
	42.40±2.60d
	40.50±0.50e
	42.36±0.34d
	43.50±0.50f
	34.40±3.60g
	32.70±0.59h
	38.00±1.00i

	180
	[bookmark: _Hlk168740391]46.65±2.55a
	44.40±3.60b
	45.55±3.45b
	46.00±1.00a
	41.90±3.10c
	40.50±1.50d
	[bookmark: _Hlk168740405]49.36±1.34e
	44.50±0.50b
	34.90±3.10f
	33.70±0.40g
	38.00±0.00h

	210
	52.65±0.55a
	44.40±3.60b
	46.05±2.95c
	47.50±0.50d
	45.40±3.60e
	43.50±0.50f
	50.86±0.84g
	46.50±0.50c
	36.40±3.60h
	33.20±0.90i
	40.00±2.00j

	240
	57.15±0.05a
	44.90±2.10b
	48.05±1.95c
	48.50±0.50c
	47.40±4.60d
	44.00±0.00b
	54.36±2.34e
	47.00±0.00d
	35.90±3.10f
	36.70±1.40g
	41.50±2.50h

	270
	60.65±1.45a
	51.40±1.60b
	51.05±2.95b
	53.50±0.50c
	50.90±3.10d
	45.50±0.50e
	57.86±3.84f
	46.00±1.00g
	38.90±3.10h
	38.70±0.40h
	41.50±3.50i

	300
	73.15±0.94a
	53.40±0.60b
	55.05±1.95c
	53.50±1.50b
	54.90±2.10d
	48.50±0.50e
	69.36±2.66f
	48.00±1.00g
	39.90±4.09h
	41.70±0.40i
	42.00±1.00j


Mean ± standard deviation of independent duplicate experiment with different superscript across the rows are significantly different at 0.05

5. Cell surface hydrophobicity
[bookmark: _Hlk175680834]Saccharomyces cerevisiae YL2SF9-5 and Saccharomyces cerevisiae TEMD14 were observed to exhibit a high level of cell surface hydrophobicity to xylene with an average percentage hydrophobicity of 83.18±0.52% and 82.05±0.52% respectively. In the same vein, Saccharomyces cerevisiae YL2SF9-5 and Saccharomyces cerevisiae TEMD14 had the highest cell surface hydrophobicity of 75.97±1.51% and 74.43±2.13% respectively. Figure 1. 
6. [bookmark: _Toc176812080]Auto-aggregation property of yeast isolates 
All cultures showed a high auto-aggregation level above 70 percent. Saccharomyces cerevisiae TEMD14 and Saccharomyces cerevisiae Epagri26PP were observed to have the highest percentage auto-aggregation of 94.92±0.64% and 93.86±0.96% respectively. Figure 2.
7. Antagonistic properties of yeast isolates
Over 80% of the yeast cultures used in this research showed some level of inhibition to the growth of Escherichia coli and Salmonella enterica subsp. enterica serovar Typhimurium. Based on the zone of inhibition measured around the point of inoculation, Saccharomyces cerevisiae YL2SF9-5 and Saccharomyces cerevisiae TEMD14 had the highest inhibitory effect against the growth of Escherichia coli with an average inhibition diameter of 19.40mm and 19.10mm respectively. Table 7. 
8. [bookmark: _Toc176812087]Antibiotics susceptibility properties of yeast cultures
All the yeast isolates (100%) used for this research were observed to exhibit resistance to all the thirteen (13) antibiotics tested against.

[bookmark: _Toc176293328][bookmark: _Toc176812078]
[bookmark: _Toc176293326][bookmark: _Toc176812076]Figure 1: Percentage cell surface hydrophobicity of yeasts isolated from palm wine and burukutu to xylene and toluene with Saccharomyces cerevisiae YL2SF9-5 having the highest hydrophobicity percentage of 83.18% and 79.96% in both xylene and toluene respectively.
[bookmark: _Toc176293333][bookmark: _Toc176812083]
Figure 2: Auto-aggregation (%) potential of yeasts isolated from Palm wine and burukutu 
Table 7: Antagonistic potential (mm) of yeasts isolated from palm wine and burukutu against enteric pathogens
	S/N
	Yeast isolates
	Diameter of Inhibition (mm)

	
	
	Escherichia coli
	Salmonella enterica subsp. enterica serovar Typhimurium

	1
	Saccharomyces cerevisiae TEMD14 
	19.10±0.14a
	19.50±0.35b

	2
	Saccharomyces cerevisiae UTAD1488
	16.90±0.14 a
	16.05±0.12a

	3
	Saccharomyces cerevisiae Epagri26PP
	15.30±0.00a
	13.05±0.42b

	4
	Saccharomyces cerevisiae CTBRL78a
	13.15±0.37a
	12.75±0.42b

	5
	Saccharomyces cerevisiae AZ71
	16.55±0.17a
	15.05±0.37a

	6
	Pichia kudriavzevii 2Y48
	4.05±0.12a
	5.50±0.10a

	7
	Saccharomyces cerevisiae YL2SF9-5
	19.40±0.09a
	17.70±0.25b

	8
	Pichia kudriavzevii K74
	4.35±0.17a
	6.80±0.25b

	9
	Trichosporon asahii SDBR-S3-09
	0.00±0.00a
	0.00±0.00a

	10
	Trichosporon asahii T100
	7.60±0.20a
	6.60±0.20a

	11
	Meyerozyma caribbica DTO 423-B5
	4.00±0.35a
	5.75±0.22b


Mean ± standard deviation of independent duplicate experiment with different superscript across the rows are significantly different at 0.05

SAFETY ASSESSMENT
The yeast strains tested for DNase production, gelatinase, and hemolytic activities were all negative to the various safety tests they were subjected to. For DNase production, the yeast strains were able to grow on the test medium without any zone of clearance, which may indicate the production of DNase.  Similarly, none of the yeast strain tested showed a positive gelatinase nor hemolytic activity. Table 8. 

[bookmark: _Toc176293349][bookmark: _Toc176812099]Table 8: Safety assessment of yeast isolated from palm wine and burukutu for use as probiotics.
	
S/N
	
Safety tests
	Yeast isolates

	
	
	S. cerevisiae TEMD14
	S. cerevisiae YL2SF9-5

	1
	DNase production
	-
	-

	2
	Gelatinase activity
	-
	-

	3
	[bookmark: _GoBack]Hemolytic activity
	-
	-


Keys: - = Negative; 	+ = Positive


DISCUSSION
The occurrence of various species of yeasts in different traditional fermented alcoholic beverages has been widely reported (Sanni and Lönner, 1993; Glover et al., 2005; Ogunbanwo, 2013; Alakeji et al., 2015;Adesokan et al., 2020), and the presence of yeast species in fermented beverages like palm wine and burukutu is primarily for the purpose of breaking down the available sugar to produce ethanol (Faparusi, Olofinboba and Ekundayo, 1973). The isolation of various yeast genera including Saccharomyces, Pichia, Trichosporon, and Meyerozyma from palm wine and burukutu in this research aligns with the findings of Jimoh et al., (2012) and Owuama, (1991).

Lactic acid bacteria (LAB) and yeasts have the ability to grow and thrive in low pH environments (Liu et al., 2015). However, it is still unclear how exactly LAB and yeasts tolerate these circumstances since the pH of the environment is lowered by LAB's production of organic acids, which makes it more hostile to microorganisms that are susceptible to low pH (Gotcheva et al., 2002). The results obtained for acid tolerance of the yeast strains used in this study is similar to the reports by Sourabh et al., (2011); Adesokan et al., (2021) who reported about 70% decline in the viability of yeast cells grown in a medium at pH 2.0 and 3.0 respectively after exposure to acid for 3 hours. In a similar study by (Syal and Vohra (2013), it was also shown that yeasts isolated from Jalebi batter and Idle batter exhibited a high level of tolerance to acid pH 2.0 even after 3 hours of exposure.
The deconjugation of bile salt has been approved by experts of the World Health Organization (WHO) as an inherent trait of intestinal microbiota, especially as probiotic microorganisms have been found to have a high prospect of surviving in the harsh environmental conditions of the intestinal tract (Begley, Hill and Gahan, 2006). Furthermore, the deconjugation of bile salt by intestinal microorganisms has also been linked to the reduction in the level of cholesterol in the blood (Noriega et al., 2006). Nevertheless, it is yet unclear whether bile salt deconjugation is completely beneficial to the human host since a large concentration of deconjugated bile salt may present health concerns to the host (Thi Luong et al., 2019). The auto aggregation assay and cell surface hydrophobic nature are regarded as direct screening methods to evaluate and choose the probiotic isolate's adhesion capacity. When Debaryomyces hansenii was tested for cell surface hydrophobicity, its 92.23±1.2% hydrophobicity yielded significant results when compared to the control strain (Simões et al., 2021). The cell surfaces of yeast with high hydrophobic nature afford both the larger aggregation capability and the adhesion capacity (Shruthi et al., 2022).  
Similar to probiotic lactic acid bacteria with various antimicrobial compounds such as nisin, pediocin, and bacteriocin, various killer strains of Saccharomyces cerevisiae have been reported to produce killer toxins in the form of proteins and glycoproteins, which are known to inhibit or kill sensitive strains of bacteria and yeast (Buyuksirit and Kuleasan, 2014).  In addition to producing bacteriocin, microorganisms used as protective cultures, such as those that create bacteriocin, may also enhance the product's flavor, texture, and dietary content of the food they are used in producing (Gaggia et al., 2011). Strong antibacterial activity against intestinal pathogens like Salmonella typhimurium, E. coli, Staphylococcus aureus, and Listeria monocytogenes has been demonstrated by various yeast strains as reported (van der Aa Kühle et al., 2005; Romanin et al., 2010). The results obtained in this study agrees with the work of  Hossain et al., (2020)where a novel strain of S. boulardii was seen to exhibit various degrees of antagonistic effect on both Gram-positive and Gram-negative bacteria including Vibrio parahemolyticus, Bacillus megaterium, Salmonella sp, Enterobacter aerogenes and E. coli tested against. This result further shows that the strain of S. boulardiii used has a broad-spectrum inhibitory activity against enteric pathogenic bacteria. Findings about the antagonistic potentials of the yeast strains in this study is in conformity to other results obtained by Fernández-Pacheco et al., (2021) where twenty strains of Saccharomyces and non-Saccharomyces yeasts were tested against Lioﬁlchem© antibiotic strips containing Chloramphenicol (0.016–256mg mL−1), Erythromycin (0.016–256mg mL−1), Tetracycline (0.016–256mg mL−1), Ampicillin (0.016–256mg mL−1), and Gentamicin (0.064–1,024mg mL−1). In a similar development,  Perricone et al., (2014) recorded no inhibition of yeasts isolated from Altamura sourdough as functional starters for the production of cereal-based products by the various antibiotics tested against.
Probiotic strains need to be suitable for ingestion by humans by having a generally regarded as safe (GRAS) status. Studies have concentrated on natural isolates that have a lengthy history of safe use (Gotcheva et al., 2002). For instance, they come from the digestive tracts of healthy people or traditionally ingested foods with known health benefits (Gotcheva et al., 2002). The safety results obtained in this study is comparable to other findings by Fernández-Pacheco et al., (2021) where twenty Saccharomyces and non-saccharomyces yeasts were evaluated for safety as potential probiotics and all the yeasts tested were reported to be negative for both DNase production and hemolytic activity. In a similar report by Pereira et al., (2021); Huang et al., (2024); Shruthi et al., (2024) probiotic yeast isolated from various traditional fermented foods were shown to be safe for food production as all the strains tested were negative for DNase activity, hemolysis and gelatinase. The negative DNase, gelatinase and hemolytic results observed in the strains showed that the chosen strains will not be able to unintentionally degrade the host’ DNA neither will they contribute to the degradation of the host tissues and proteins if they were to produce gelatinase. Also, the non-hemolytic status of the strains is an indication that they will not turn out to be pathogenic and eventually start degrading the red blood cells of the host.

CONCLUSION
The in-vitro screening of microorganisms remains an infallible approach of identifying and selecting probiotic microorganisms. With this method, microorganisms are tested against various intestinal conditions to see their adaptability and survivability when employed in the fermentation and production of probiticated food and beverages. The yeast strains used in this research were observed to be safe for use as probiotics and a high probiotic potential. This is an indication that they can be employed in the production of probioticated food and beverages.
Data Availability
The data that support the findings of this study as well as relevant DNA sequences are available from the corresponding authors upon reasonable request.
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