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In this study, a total of 9 morphologically and biochemically different yeast species were isolated from 
Nigerian fermented food product, „ogi‟. These yeast species were screened for probiotic properties 
such as antibacterial activities, acid and bile tolerance. Six species out of the yeast isolates that 
survived pH 2 were grown in 0.3% bile salts which were monitored by spectrophotometer for 5 h. Three 
yeast species with the highest growth performance measured by increment in optical density were 
identified as Pichia kudriavzevii by sequencing the conserved (D1/D2) region of 16S rDNA. Among the 
three selected strains, isolate MH458240 (M9) showed the highest acid tolerance of 5.80±0.20 log cfu/ml 
while isolate MH458239 (M5) manifested the least acid tolerance of 3.80±0.20 log cfu/ml. At 0.3% bile 
salts concentration, isolate MH458239 (M5) demonstrated the highest growth rate of 1.110±011. The 
antibacterial activities of the three selected yeast strains were also determined. While isolates 
MH458240 (M9) and MH458239 (M5) inhibited the growth of the tested pathogens, isolate MH458238 (M4) 
could not inhibit the growth of any of the pathogens used. Out of the three strains of P. kudriavzevii 
used, isolate MH458240 (M9) which demonstrated the best overall probiotic potential was found to 
contain only three open reading frames (ORF) while the two other isolates contained five. Isolate 
MH458240 (M9) was found to be in a complete different cluster from the two other strains. 
 
Key words: Yeasts, fermented food, Pichia kudriavzevii, probiotic properties, open reading frames (ORF). 

 
 
INTRODUCTION  
 
‘Ogi’, a fermented cereal gruel considered as a beverage 
and also a weaning food in Nigeria, could be processed 
from maize, although sorghum or millet can also be 
employed as the substrate for fermentation. Fermentation 
is one of the oldest technologies used for food processing 
as well as preservation.  It  has  been  found  to  enhance 

food flavor, produce useful enzymes, vitamins, amino 
acids and anti-microbial products (Vlasova et al., 2016). 
Integral parts of fermentation process are non-
pathogenic, useful microorganisms commonly referred to 
as probiotics (Corgan et al., 2007; Kalui et al., 2008). 
Researchers in the field  of  science  have  changed  their 
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view of the role of food as being just an energy giver and 
body builder to having an important role of possessing 
active substances/ingredients that affect the health of 
consumers positively. Such foods that are beneficial to 
health are referred to as functional foods since they go 
beyond keeping the consumers’ health to reducing the 
risk of chronic diseases (Lei et al., 2008; Vasiljevic and 
shah, 2008). 

The two major types of microorganisms associated with 
traditional fermented foods and beverages are yeasts 
and bacteria. Yeasts are found in different classes of 
foods ranging from plant to animal origins where they 
have a notable impact on food safety and organoleptic 
properties (FAO and WHO, 2001; Chelliah et al., 2016). 
Various studies have reported the occurrence of different 
yeast genera such as Saccharomyces, Candida, 
Debaryomyces, Kluyveromyces, and Pichia species, in 
African traditional fermented food (Kumura et al., 2004; 
Mahasneh and Abbas, 2010).  

Probiotics are live microorganisms, which when 
administered in adequate amount confer a health benefit 
on the host (Sanchez et al., 2017). This definition 
suggests that there must be a measurable physiologic 
benefit to the host who used the probiotic product 
(Vandenplas et al., 2014). A joint FAO/WHO working 
group in 2002 released guidelines for the evaluation of 
probiotics in food. The basic requirements needed 
include assessment of strain identity, resistance to 
gastrointestinal acidity, digestive enzymes, bile acids, 
antimicrobial activity against potentially pathogenic 
bacteria and in vivo studies for substantial health effects 
in the target host. However, the ultimate criterion to select 
a successful probiotic strain is the ability to confer to 
consumers a health benefit (Łukaszewicz, 2012). The 
commonly used probiotics include Lactic Acid Bacteria 
especially those of the genera Lactobacillus, 
Bifidobacteria and yeast of the genus Saccharomyces 
(Vlasova et al., 2016).  Recently, it was reported that all 
probiotics are not equally effective (Szajewska et al., 
2016). Both in vitro and in vivo experiments suggested 
that probiotic efficiency differs from strain to strain among 
tested probiotic strains. Different strains of potential 
probiotics have different mechanism of action and the 
ability to elicit immune response (McFarland, 2014; 
Goldstein et al., 2015). 

Many characteristic attributes distinguished yeasts as 
probiotic such as their robust size, ability to tolerate low 
pH, oxygen, water activity, high osmotic pressure, 
nutritional flexibility, enzymatic activity and ability to 
produce several useful metabolites (Fredlund et al., 2002; 
Lukaszewics, 2012). However, very limited numbers of 
yeasts are considered as probiotics with proven clinical 
efficiency in double blind studies (Foligne et al., 2010; 
Riaz et al., 2012; Lohith and Appaiah, 2014).  

Pichia kudriavzevii (the teleomorph of Candida krusei) 
is one of the microflora predominant in the fermentation 
of maize for ‘ogi’ production. It has  also  been  implicated 

 Alakeji and Oloke         149 
 
 
 
in the fermentation of fruit juices and cocoa beans where 
it has been found helpful in amplifying the aroma of 
chocolate (Oberoi et al., 2012). P. kudriavzevii can be 
found in the soil as well as on the surfaces of fruits and 
vegetables (Chan, 2012). Although this organism was 
present on plant produce, it was not considered as a 
species that causes food spoilage (Fleet, 2011). 

P. kudriavzevii has the potential of producing toxin that 
is able to kill several pathogenic microorganisms thereby 
contributing to food preservation (Bajaj et al., 2013). This 
organism has also been considered a potential probiotics 
for its ability to assimilate cholesterol (Psomas et al., 
2003). In this study therefore, the probiotic potentials of 
three strains of P. kudriavzevii isolated from a Nigerian 
traditional fermented food were evaluated. 
 
 
MATERIALS AND METHODS 
 

Sample collection 
 

Samples of ogi were randomly collected from retailers within 
Ogbomoso Township, Oyo State, Nigeria. All samples were 
collected in sterile, glass screw-capped bottles and transported 
immediately to the laboratory for analysis.  
 
 
Isolation of yeasts from collected samples 
 

Ten-fold serial dilutions (10-1 to 10-9) of the samples were made 
using sterile peptone water. 1 mL aliquot of 10-4, 10-6 and 10-8 
dilutions were pour plated in duplicates on yeast peptone dextrose 
(YPD) agar (per Litre; 10 g yeast extract, 20 g peptone, 20 g 
glucose and 20 g agar) (LAB M, UK) supplemented with 
chloramphenicol (100 mg/l) and incubated at 25°C for 48 h.  

Colonies with distinct morphological differences such as colour, 
shape and size were streaked out as representative colony and 
were then purified by subculturing on Yeast Extract Peptone (YPD) 
agar to obtain pure culture of the isolates. The purified isolates 
were maintained on YPD agar slants at 4°C until required for 
identification (Kurtzman et al., 2011). 
 
 
Screening for probiotic properties 
 

Tolerance to pH 2.0 
 

The isolates were subjected to a pH 2.0 assay in order to select the 
resistant isolates for further studies. Yeasts cells were cultivated in 
YPD broth for 24 h. The culture was centrifuged (4000 g (rpm) for 
10 min at 24°C) and washed two times in 0.1% w/v peptone water 
pH 7.0. The cell cultures (optical density of 0.2 at 600 nm) in 
peptone water corresponding to approximately 108 cell/ml were 
centrifuged and resuspended in YPD broth with pH adjusted to 2.0 
using 1 N HCl were incubated for 3 h at 37°C. Samples (10 µL) 
were obtained at time 0 and at 3 h and inoculated in YPD agar 
plates. Duplicate plates were obtained and tolerance to pH 2.0 was 
indicated by subsequent growth on agar plates after 48 h of 
incubation at 37°C as described by Ramos et al. (2013).  
 

 
Determination of bile tolerance 
 

The method described by Guo et al. (2009) was modified and used 
to determine the effect of bile  on  the  growth  rate  of  acid  tolerant  
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isolates. Growth performance was expressed as the difference in 
optical density at 600 nm between the initial and 5 h of incubation 
0.3% bile salts concentration (SIGMA ALDRICH, Co, St Louis, 
USA). The experiment was performed in duplicate. 
 
 

Molecular identification of yeast isolates 
 
Three acid and bile tolerant yeast species were selected for 
molecular identification. Genomic DNA of the yeast isolates were 
extracted using phenol-chloroform extraction method (Green and 
Sambrook 2017). The D1/D2 region of large subunit of 26S rDNA of 
selected yeast species was amplified with universal primers, 5’ -
GCATATCAA TAAGCGGAGGAAAAG-3’ and 5’ -
GGTCCGTGTTTCAA GACGG-3’ for forward and reverse, 
respectively (Kurtzman and Robnett, 1998) in a thermocycler (MJ 
RESEARCH, INC, programmable thermal controller, BIO-RAD). 
The amplicon was sequenced using the Sanger’s sequencing 
method (Beckman coulter, USA) and the nucleotide sequences 
were aligned in genbank using the BLAST program (Website: 
www.ncbi.nlm.nih.gov/blast). Phylogenetic tree was constructed 
using MEGA 4.1 software programme (Tamura et al., 2007). 
 
 

Comparative genomic and phylogenetic analysis 
 
The comparative genomic analysis was carried out on the 
nucleotide sequences, the exploitation of evolutionary information 
to draw powerful and robust inferences about phylogenetic history 
using webPRANK (https://www.ebi.ac.uk/goldman-srv/webprank/). 
The phylogenetic analysis was carried out through multiple 
sequence alignment of the nucleotide sequences using MEGA 7.0. 
Approximately-maximum-likelihood tree was created with MEGA 
(version 7.0). 
 
 

Antibacterial activity against enteric pathogens 
 
The double layer method of Maia et al. (2001) was adopted in the 
determination of the inhibitory effects of yeast isolates against some 
enteric pathogens. The yeasts were tested against Escherichia coli, 
Staphylococcus aureus, Pseudomonas species, Klebsiella species 
and Proteus species. A 24 h old culture of yeast isolates were 
prepared in YPD broth and was individually inoculated onto YPD 
agar plates by swabbing an inch by 1.5 inch area in the centre of 
each plate. The plates were incubated at 37°C for 48 h. These 
plates were overlaid individually with 10 mL of molten nutrient agar 
that has been previously inoculated with 1 mL of the pathogen 
culture. The agar was allowed to solidify and the plates were 
incubated aerobically at 37°C for 24 h. Plates were examined for 
growth of the yeast strains with their ability to inhibit the growth of 
the pathogens. 
 
 

Statistical analysis 
 
Results were expressed as mean+/- standard error. Multiple 
comparisons were performed by one-way analysis of variance 
(ANOVA) followed by least significance difference (LSD) test and 
statistical significance was accepted at values of P<0.05 using 
SPSS.  
 
 

RESULTS AND DISCUSSION 
 

Tolerance to pH 2.0 
 

Ability of the yeast isolates to tolerate acidic pH is  shown 

 
 
 
 
in Table 1. The highest survival rate was observed in 
isolate MH458240 (M9) with initial count of 2.80±0.40 and 
5.80±0.20 cfu/ml after 3 h of incubation. The least 
survival was observed in isolate M6 with initial count of 
3.55±0.55 cfu/ml and declined after 3 h of incubation to 
2.05±0.05 cfu/ml. A slight decline was observed in isolate 
MH458239 (M5) from initial viable count of 3.93±0.28 to 
3.80±0.20. Isolates M3 and M2 also declined significantly 
(P<0.05) after 3 h of incubation, which suggested that 
they could not be successful candidates for probiotic use.  

 
 
Bile tolerance test 

 
Without the addition of bile salt an overall increase was 
observed in the rate of growth at 5 h of incubation (result 
not shown). At 0.3% bile salt concentration, isolate 
MH458239 (M5) manifested the highest significant 
increase in its rate of growth with absorbance of 
0.926±0.1, 1.047±0.11 and 1.11±0.11 at 0, 3 and 5 h of 
incubation, respectively (Table 2). Isolates MH458238 
(M4) and MH458240 (M9) also showed significant high 
growth rate with initial absorbance reading of 0.939±0.08 
and 0.878±0.07, respectively which increased to 
1.073±0.06 and 1.099±0.09 at the end of 5 h of 
incubation. 

 
 
Antibacterial activity 

 
The result of the antagonistic effect of the three strains of 
selected yeasts against E. coli, Pseudomonas spp., S. 
aureus, Klebsiella spp. and Proteus spp. is shown in 
Table 3. Yeast isolates MH458239 (M5) and MH458240 
(M9) inhibited the growth of the test pathogens which was 
indicated by outgrowth of the yeast culture, although 
isolate MH458239 (M5) could not outgrow Proteus 
species. Isolate MH458238 (M4) did not express any 
antagonistic effect against any of the bacterial enteric 
pathogens and therefore, no growth of the yeast was 
observed on the plate. 

 
 
Comparative genomic and phylogenetic analysis 
 
The comparative genomics of the three strains of P. 
kudriavzevii isolates obtained is shown in Table 4. This 
result was generated using webPRANK for the sequence 
alignment of the three strain nucleotide sequences. From 
the alignment of the sequences, isolate MH458240 (M9) 
had several missing gaps when compared with the other 
two isolates.  

The various open reading frame (ORF) positions in the 
nucleotide sequences of the selected three strains are 
shown in Table 5. While isolate MH458240 (M9) had 
three ORF; isolates MH458238 (M4) and MH45839 (M5) 
each had five. From the phylogeny shown in  Figure  1,  it  
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Table 1. Viable cell counts of yeast isolates during incubation at pH 2 (log10 

cfu/ml). 
 

Isolate Initial 3 h 

M1 4.90±0.10 5.50±0.50 

M2 4.75±0.75 4.40±0.40 

M3 4.35±0.85 2.30±1.70 

M4 (MH458238) 3.05±0.15 4.10±0.10 

M5 (MH458239) 3.93±0.28 3.80±0.20 

M6 3.55±0.55 2.05±0.05 

M9 (MH458240) 2.80±0.40 5.80±0.20 

M10 1.00±0.50 4.85±0.35 

S3 1.025±0.83 5.50±0.50 
 

Data are means with standard deviation of duplicate values. Cultures were 
incubated for 3 h with the pH adjusted to 2 using 1 N HCL. 

 
 
 

Table 2. Optical density reading of acid-tolerant yeasts showing their growth rate at 0.3% 
bile salts concentration. 
 

Isolate  Initial 3 h 5 h 

M1 0.834±0.07 1.015±0.08 1.023±0.07 

M2 0.859±0.09 0.977±0.09 0.945±0.08 

M4 (MH458238) 0.939±0.08 1.069±0.09 1.073±0.06 

M9 (MH458240) 0.878±0.07 1.083±0.09 1.099±0.09 

M10 0.916±0.08 1.085±0.09 1.046±0.08 

M5 (MH458239) 0.926±0.1 1.047±0.11 1.110±0.11 

S3 0.900±0.09 1.018±0.10 0.979±0.09 
 

Data are means with standard deviation of duplicate values. Optical density of cultures was 
measured at the different time point at 600 nm wavelength. 

 
 
 

Table 3. Antibacterial activities of the three selected potential probiotic yeast isolates. 
 

Isolate M5 (MH458239) M9 (MH458240) M4 (MH458238) 

E. coli + ++ - 

S. aureus ++ ++ - 

Pseudomonas spp. + + - 

Klebsiella spp. + + - 

Proteus spp. - ++ - 
 

(-) No growth; (+) moderate growth;  (++) luxuriant growth. 

 
 
 
was observed that isolates MH458238 (M4) and 
MH458239 (M5) were more closely related as shown in 
the same cluster while isolate MH458240 (M9) was in a 
complete different cluster . 
 
 
DISCUSSION 
 
Passage through the stomach is the first line of barrier to 
be overcome by probiotic organisms  when  administered 

through the oral route. In this present study, yeasts were 
isolated from a Nigerian traditional fermented food, ogi. It 
was observed that majority of the tested yeast isolates 
could thrive at pH 2, the average pH of the gastric juice. 
After about 3 h of ingestion, the stomach would empty its 
contents into the intestine where some digestive 
enzymes act on it. One of those important enzymes is the 
bile salts. A successful potential probiotic candidate 
should be able to grow and replicate significantly in the 
presence   of   bile   salts   so   that   it   can   produce   its  
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Table 4. Comparative genomic analysis of the three stains of Pichia kudriavzevii. 
 

Sequence ascension identity/name/isolate Sequence annotation using webPRANK analysis 

>MH458240.1_Pichia_kudriavzevii_ 

M9 

CGGAGGAAAAG-AACCAACAGGGATTGCCTCAGTA-CGGCGAGTGAA- 

CGGCAAGAGCTCAGATTTGAAATCGTKCTTTGCGGCACGAGTTGTA 

GATTGCAGGTTGGAGTSTGTGTGGAAGGCGGTGTCCAAGTCCCTTGS 

AACAGGGCGCCCAGGAGGGTGAGAGCCCCGTGGGAT- 

CCGGCGGAAGCAGTGAGGCCCTT-TG--GAGTYGAG 

TTGTTTGGGAATGCA-CTC--AACGGGTGGTAAATTCCAT-TAAG- 

CTAAAT-CTGGCGAGAG-CCGATA-CGAACAAGT— 

CGTGAAGGAAAGATGAAAAGCACTTTGAAAAGAGAGTG 

AAACAGCACGTGAAATTGTTGAAAGGGAAGGGTATTGCRCCC 

GACATGGGGATTGCGCRCCSCTGCCTYTCGTGGGCGGCGCTCT 

GGGCTTTCCCTGGGCCAGCATCGGTTCTTGCTGCA 

GGAGAAGGGGTTCTGGAACGTGGCTCTTCGGAGTGTTATAGCCA- 

GGCCAGAT-CTGCGTGCGGGGA-CGAGGACTGCG-CCGTGTAGTC 

  

>MH458239.1_Pichia_kudriavzevii_ 

M5 

AAAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAGC 

GGCGAGTGAAGCGGCAAGAGCTCAGATTTGAAATCGTGCTTT 

GCGGCACGAGTTGTAGATTGCAGGTTGGAGTCTGTG 

TGGAAGGCGGTGTCCAAGTCCCTTGGAACAGGGCGCCCAG 

GAGGGTGAGAGCCCCGTGGGATGCCGGCGGAAGCAGTGAGG 

CCCTTCTGACGAGTCGAGTTGTTTGGGAATGCAGCTCCAA 

GCGGGTGGTAAATTCCATCTAAGGCTAAATACTGGCGAGAGA 

CCGATAGCGAACAAGTAC 

TGTGAAGGAAAGATGAAAAGCACTTTGAAAAGAGAGTGAA 

ACAGCACGTGAAATTGTTGAAAGGGAAGGGTATTGCGCCCG 

ACATGGGGATTGCGCACCGCTGCCTCTCGTGGGCGGCGC 

TCTGGGCTTTCCCTGGGCCAGCATCGGTTCTTGCTGCAGGA 

GAAGGGGTTCTGGAACGT 

GGCTCTTCGGAGTGTTATAGCCAGGGCCAGATGCTGCGTG 

CGGGGACCGAGGACTGCGGCCGTGTAG 

  

>MH458238.1_Pichia_kudriavzevii_ 

 

AAAAGCGGAGGAAAAGAAACCAACAGGGATTGCCTCAGTAG 

CGGCGAGTGAAGCGGCAAGAGCTCAGATTTGAAATCGTGCT 

TTGCGGCACGAGTTGTAGATTGCAGGTTGGAGTCTG 

TGTGGAAGGCGGTGTCCAAGTCCCTTGGAACAGGGCGCCCA 

GGAGGGTGAGAGCCCCGTGGGATGCCGGCGGAAGCAGTGAG 

GCCCTTCTGACGAGTCGAGTTGTTTGGGAATGCAGC 

TCCAAGCGGGTGGTAAATTCCATCTAAGGCTAAATACTGGCGA 

GAGACCGATAGCGAACAAGTACTGTGAAGGAAAGATGAAAAGC 

ACTTTGAAAAGAGAGTGAAACAGCACGTGAAA 

TTGTTGAAAGGGAAGGGTATTGCGCCCGACATGGGGATTGCGC 

ACCGCTGCCTCTCGTGGGCGGCGCTCTGGGCTTTCCCTGGG 

CCAGCATCGGTTCTTGCTGCAGGAGAAGGGGTTC 

TGGAACGTGGCTCTTCGGAGTGTTATAGCCAGGGCCAGATGC 

TGCGTGCGGGGACCGAGGACTGCGGCCGTGTAGTCACGGA 

 
 
 
metabolites and deliver the health benefit for which it was 
administered. It was observed that some of the yeast 
isolates also grew well in medium supplemented with bile 
salts.  

The best acid and bile tolerant yeast strains were 
selected for molecular identification. They were isolates 
MH458240 (M9), MH458239 (M5) and MH458238 (M4) 
which were all identified as P. kudriavzevii. Several works 
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Table 5. Comparative Open Reading Frame (ORF) analysis of the three stains of Pichia kudriavzevii.  
 

Sequence ascension identity/name/isolate Label Strand Frame 

>MH458238.1_Pichia_kudriavzevii_M4 

 

ORF 3 - 1 

ORF 5 - 2 

ORF 4 - 2 

ORF 1 + 1 

ORF 2 + 2 

    

>MH458239.1_Pichia_kudriavzevii_M5 

ORF 5 - 3 

ORF 4 - 1 

ORF 3 - 1 

ORF 1 + 1 

ORF 2 + 2 

    

>MH458240.1_Pichia_kudriavzevii_M9 

ORF 3 - 2 

ORF 1 + 3 

ORF 2 - 1 

 
 
 

 
 

 
 

Pichia kudriavzevii 

Pichia kudriavzevii 

Pichia kudriavzevii 

Pichia kudriavzevii 

Pichia kudriavzevii 

Pichia kudriavzevii 

Pichia kudriavzevii 

Pichia kudriavzevii 

Pichia kudriavzevii 

 
 

Figure 1. Molecular phylogenetic analysis by Maximum Likelihood method. The evolutionary history was 
inferred by using the Maximum Likelihood method based on the Tamura-Nei model (Bajaj et al., 2013). The 
tree with the highest log likelihood (-2205.27) is shown. Initial tree(s) for the heuristic search were obtained 
automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated 
using the Maximum Composite Likelihood (MCL) approach, and then selecting the topology with superior log 
likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per 
site (next to the branches). The analysis involved 9 nucleotide sequences. Codon positions included were 
1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated. There were a total 
of 446 positions in the final dataset. Evolutionary analyses were conducted in MEGA7. 
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have indicated that P. kurdriavzevii tolerate acid and bile 
well.  For example, Greppi et al. (2016) showed that out 
of the 93 yeast strains screened for their tolerance to pH 
2 and 0.3% bile salts, P. kudriavzevii isolates gave the 
best results in thriving well in these culture conditions. 

Ogunremi et al. (2015) also isolated P. kudriavzevii 
from ogi, a Nigerian traditional fermented food. P. 
kudriavzevii has been implicated in all sorts of 
traditionally fermented food and beverages. P. 
kurdriavzevii was isolated from fermented African 
cassava, Ghanaian fermented cocoa bean, tea and 
ginger tea (Kurtzman et al., 2011; Chan et al., 2012). van 
Rijswijck et al. (2017) also isolated P. kudriavzevii from 
fermented Masau fruits in Zimbabwe. The yeast has also 
been isolated from non-fermented food origin like chicken 
egg, human heart blood, swine waste, sputum and 
human feaeces and was considered as potential 
producer of bioethanol and phytase (Chan et al., 2012). 
Ogunremi et al. (2015) used this yeast as a starter culture 
for the development of cereal-based functional food.  

From the three strains of P. kurdriavzevii used in this 
work, isolate MH458240 (M9) showed the highest acid 
tolerance of 5.80±0.20 log cfu/ml while isolate MH48239 
(M5) manifested the least acid tolerance of 3.80±0.20 log 
cfu/ml. At 0.3% bile salts concentration, isolate MH48239 
(M5) demonstrated the highest growth rate of 1.110±011 
while isolate MH48238 (M4) showed the least bile 
tolerance. While both isolates MH458240 (M9) and 
MH458239 (M5) inhibited the growth of the tested 
pathogens, isolate MH458238 (M4) could not inhibit the 
growth of any of the pathogens used. These differences 
in the probiotic potentials of the three strains of P. 
kurdriavzevii could probably be due to the three ORF 
found in isolate MH458240 (M9) compared to five ORF in 
isolates MH458238 (M4) and MH458239 (M5). These 
differences in the ORF number may also be the reason 
why isolate MH458240 (M9) was in a completely different 
cluster from the two other isolates. 
 
 
Conclusion 
 
It can be concluded from this work that probiotic 
properties are strain specific as demonstrated by these 
three strains of P. kudriavzevii. 
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