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ARTICLE INFO ABSTRACT

Keywords: Fermented products, including Ogi-baba and Pito, provide several health benefits, particularly when probiotics are
Fermentation used in the fermentation process. Probiotic microorganisms exert strain-specific health-promoting activities on
Sorghum humans and animals. The objective of this study was to investigate the probiotic potentials of Lactic-acid bacteria
glg::liiny (LAB) isolates from indigenous fermented sorghum products (Ogi-baba and Pito). The LAB isolates were screened
Pito for potential probiotic properties by antagonistic activity against eight enteropathogenic clinical bacteria isolates

(Escherichia coli, Klebsiella sp., Helicobacter pylori, Bacillus sp., Staphylococcus sp., Salmonella sp., Pseudomonas sp.
and Listeria monocytogenes) as indicator organisms using the agar well diffusion technique. The organisms were
also screened for acidity, bile tolerance, antibiotic susceptibility, production of lactic acid, diacetyl and hydrogen
peroxide. p-galactosidase assay was also done. Genomic DNA was extracted from the two selected LAB isolates;
the 16S rRNA were amplified and sequenced. The sequence data were subjected to Basic Local Alignment Search
Tool (BLAST) and molecular phylogenetic analyses to identify the isolates. The isolates were identified as strains
of Lactobacillus plantarum and Pediococcus pentosaceus. The sequence data for these two isolates were submitted to
the Genbank with accession numbers KP883298 and KP883297 respectively. The P. pentosaceus strain (PB2) strain
exhibited p-galactosidase activity as well as L. plantrum strain (OB6). The study revealed exceptional probiotic
potentials of two LAB namely Lactobacillus plantarum strain (OB6) and Pediococcus pentosaceus strain (PB2) iso-
lated from fermented sorghum products, Ogi-baba and Pito respectively. Hence, the two LAB strains may be
potentially used as probiotic to prevent some enteropathogen-induced gastrointestinal disorders; reduce the
incidence of respiratory tract infections and for the management of lactose in intolerance.

Genomic DNA

1. Introduction

Fermentation is a commonly used food processing technology, and
lactic acid fermentation is probably the simplest and safest means of
preserving food. Many African staple foods are fermented with lactic acid
bacteria (LAB), and lactic acid-fermented foods constitute a significant
portion of indigenous diets in many low income countries [1]. Ogi-baba
and Pito are fermented beverages, commonly from sorghum (Sorghum
bicolor) which is a very common food taken in the Mid-western, West--
central, Western, Benue-Plateau and North-central states of Nigeria [2, 3,
4, 5]. Nigeria, being among foremost producers of Sorghum bicolor in the
world [6], has scanty record of microbial ecology of fermented sorghum
products [7]. A characteristic of many sorghum foods and beverages is
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their ability to undergo lactic acid fermentation by lactic acid bacteria,
generally referred to as probiotic, during their production.

The term probiotic is currently used to name ingested microoganisms
associated with beneficial effects to humans and animals [8, 9]. Pro-
biotics may produce various compounds, which are inhibitory to the
pathogen's growth, such as organic acids (lactic and acetic acids), bac-
teriocins, and reuterin [10]. There is increasing evidence that probiotics
are beneficial in gastrointestinal (GI) infections, such as diarrhoea, dys-
entery, typhoid and respiratory tract infections to mention a few [11, 12].
Also, it has been reported to be effective against infectious diseases [13].

Infectious diseases are the biggest problem in human being and every
year gastrointestinal infections are responsible for significant morbidity
and mortality worldwide [14]. Infectious diseases are predominantly
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caused by bacteria otherwise referred to as enteropathogenic bacteria
[15]. Enteropathogenic bacteria comprised of Salmonella species, Shigella
species, Proteus species, Klebsiella species, E. coli, Pseudomonas species,
Vibrio cholerae and S. aureus are major etiologic agents of GI infections
[16, 17]. The rise in antibiotic resistant bacteria has awakened the sci-
entific community to the prophylactic and therapeutic uses of probiotics,
and to reconsider them as alternatives to antibiotics [18, 19].

More importantly, the emergence of antibiotic resistance in enteric
pathogenic bacteria has facilitated the prophylactic and therapeutic uses
of probiotics [20]. Consequently, probiotics should be considered as al-
ternatives to antibiotics [21]. In the Nigerian traditional medicine, there
are have been a reported activity of the sorghum products, Ogi-baba and
Pito in the management of gastro-infectious diseases, however, there has
been no scientific study in the open literature that has assessed on a
genomic, biochemical and microbial scale the probiotic potential of the
bacterial isolated before now. This study is therefore designed to inves-
tigate the hypothesis that these indigenous sorghum products possess
probiotic potentials. The aim of the present study is to investigate the
probiotic potentials of bacterial isolates from traditional fermented sor-
ghum products such as Ogi-baba and Pito.

2. Material and methods
2.1. Preparation of samples

The common red variety of Sorghum bicolor grains in Nigeria was
purchased from local retail market outlet in Mile 12 market, Kosofe,
Lagos state. The seeds were authenticated by University of Lagos Her-
barium and ascribed a voucher number: LUH 7417. The seeds were
carefully freed from foreign materials by hand picking. All experiments
were in triplicate.

Ogi, a gruel was prepared by soaking sorghum grains in water for 3
days followed by wet milling and sieving to remove bran, hulls and germ
[22]. The pomace which was retained on the sieve was discarded while
the filtrate was fermented for 2 days to yield Ogi-baba, which is sour
sediment [23].

Pito, traditional beverage drink was prepared by soaking sorghum
grains in water for 24 h, followed by malting for 5 days in baskets lined
with moistened banana leaves. The malted grains were kilned at 55 °C for
24 h to remove moist and hops. The dry grains were wet milled with
water (1:1 v/v) and boiled for 4 h. The resulting mash was allowed to
cool and later filtered through a fine mesh basket. The filtrate thus ob-
tained was allowed to stand at ambient temperature and allowed to
ferment overnight [24]. Pito, the product thus obtained, was a dark
brown liquid with characteristic taste.

2.2. Isolation of bacteria

Bacterial cells were isolated by serial dilution followed by spread
plate technique [25] from the fermented products. Fermented sorghum
gruels were labelled as OB (Ogi-baba) and beverages as PB (Pito) and
were stored in broth at temperature 0 °C to -4 °C for future analyses.

2.3. Bacteriological identification

One milliliter of samples were taken from the fermented products
(gruel and beverage) under aseptic conditions. Serial dilutions of the
samples were prepared in 0.1% peptone water. MRS agar supplemented
with 0.01% (g/v) sodium azide in order to inhibit the growth of Gram-
negative bacteria was used. The diluted samples were spread on the
MRS agar plates and then incubated anaerobically at 37 °C for 48 h using
a Gas-pak system. Colonies were isolated, sub-cultured and purified by
repeated streaking. The morphological, physiological and biochemical
examination of the isolates were determined by the standard procedure
of Gram staining, catalase test and gas production test.
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2.4. Morphology and staining reaction

The isolated sample colonies were microscopically characterized.

Purification of the culture was confirmed by Gram staining: Samples
were grown in MRS broths at 37 °C for 24 h under anaerobic conditions.
After incubation cultures were transferred aseptically into 1.5 ml
microfuge tubes and centrifuged for 5 min at 6,000 rpm. Then, super-
natant was removed and cells were re-suspended in sterile water. Gram
staining procedure was applied. Then, under light microscopy gram
positive and purified isolates were determined [26].

2.5. Biochemical characterization of isolates

2.5.1. Carbohydrate fermentation

Isolates were characterized according to their fermentation profiles,
by the ability to ferment eight (8) different carbohydrates, namely:
glucose, xylose, galactose, maltose, lactose, fructose, sucrose and
dextrose. Active cells and sugar solutions were prepared separately in 10
ml MRS broths and incubated at 37 °C for 24 h. The overnight cultures
were centrifuged for 10 min at 10,000 rpm. Pellets were washed twice
with distilled water and re-suspended in MRS containing pH indicator
bromocresol purple (0.04 g/1). Sugar solutions (100 pg/ml) were pre-
pared. The solutions were filter sterilized with filters (0.22 pm pore
diameter). The sugar filtrates (400 pl) were pipetted into new tubes
containing 1.6 ml of suspended cells. Thus 2% (w/v) final sugar con-
centration was obtained.

Also positive and negative controls were used to indicate any
contamination. 1.6 ml of suspended cells and 400 pl of glucose solution
(2% w/v) were used as positive control while 2 ml of suspended cells was
used as negative one [27]. After overnight incubation at 37 °C, the
turbidity and the colour change from purple to yellow was recorded as
positive fermentation results compared with the positive and negative
controls.

2.5.2. Gas production from glucose

In order to determine the homo-fermentative and hetero-fermentative
characterization of isolates, COy production from glucose test was done.
MRS broths and inverted Durham tubes were prepared and inoculated
with 1% (v/v) overnight fresh cultures. Then the test tubes were incubated
at 37 °C for 48 h. Gas occurrence in Durham tubes was observed during 48
h which is the evidence for CO; production from glucose [27].

2.5.3. Catalase test

Catalase test was performed on isolates to observe catalase produc-
tion. For this purpose, overnight cultures of isolates were grown in MRS
broth under anaerobic conditions. After 24 h, fresh liquid cultures were
used for catalase test by dropping 3% hydrogen peroxide solution onto 1
ml of overnight cultures. The reaction was allowed to go on for about 2
min and examined. The formation of gas bubbles indicates the presence
of catalase enzyme [27].

2.5.4. Temperature tolerance

MRS broths containing bromecresol purple (0.04 g/1) indicator was
prepared and inoculated with 1% of overnight cultures of isolates. The
mixtures were incubated for 5 days at 15 °C (refrigeration) and 48 h at 45
°C (in water-bath). After incubation period at specified temperatures
colour change from purple to yellow was observed indicating acid
production.

2.5.5. Acidic tolerance

Isolates were grown in MRS broths at pH 2.0 £+ 0.2, previously
adjusted using 1 M HCL. The MRS broths were inoculated with 1% (v/v)
of overnight cultures of isolates and incubated at 37 °C for 48 h. Aliquots
of the cultures were taken after incubation period and growth was
determined by measuring absorbance (A) at 540 nm. Respective samples
were inoculated in MRS (pH 7.0 + 0.2) as control.
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Table 1. Morphological and Biochemical Analyses of Bacterial Isolates from fermented sorghum products (Ogi-baba and Pito).

Code OB1 OB2 OB3 OB4 OB5 OB6 OB7 PB1 PB2 PB3 PB4
Colour of colony White White White Pale yellow White White Pale yellow white white White white
Gram's reaction + + + + 4 ES EE + n + +
Cell shape Rod Rod Cocci Cocci Rod Rod Rod Cocci Cocci Rod Cocci
Catalase - - - - = = = — — — —
Gas from Glucose - - + - 4 = — — — + _
Growth at 15 °C aF + 4 = aF aF aF = + — +
Growth at 45 °C = = = aF aF = + F - 4 -
Growth at pH 2.0 + 0.2 — - + - + + + T + _ +
Growth in 2% NaCl + + + + + + + + + + +
Growth in 5% NaCl RS e 4L e + 4 + T n + +
Growth in 10% NaCl - — - - = = = — + — _
Arginine Hydrolysis — = = S i = F + + = F
Glycerol 4 4F 45 45 4F <F aF + + + +
Lactose + + + + + + + + + + +
Xylose - - 4e e — — 4 T _ _ +
Maltose F 4 = aF + + aF - + = —
Fructose + + + + + - <F < 4F + <=
Galactose -+ 4 = 4F aF <F -+ + + + +
Glucose — - = = 4 _ — _ _ +

Sucrose + s 4 4 4 4 4 + + + +
Dextrose I aF = - + + + - F F aF
Probable Microorganism Lb Lb Le St Lb Lb Lb Pc Pc Lb Pc

+: positive; —: negative; Lb: Lactobacillus sp.; Le: Leuconostoc sp.; St: Streptococcus sp.; Pc: Pediococcus sp.

2.5.6. NaCl tolerance

Isolates were tested for their tolerance to different sodium chloride
(NaCl) concentrations. A volume of 5 ml of nutrient broths (supple-
mented with 0.5% dextrose) containing 2%, 5% and 10% NaCl concen-
trations (w/v) were prepared and 0.04 g/l of bromecresol purple
indicator was added. These tubes were inoculated with 1% overnight
cultures and then incubated at 37 °C for 48 h. The change of the colour
from purple to yellow indicated acid production.

2.5.7. Ammonia production

Arginine containing MRS broths and Nessler's reagent were used in
order to detect ammonia production from arginine. MRS containing 0.3%
L-arginine hydrochloride was transferred into tubes as 5 ml and inocu-
lated with 50 pl overnight cultures. Tubes were incubated at 37 °C for 24
h. After incubation, 100 pl of cultures transferred onto a white back-
ground. The same amount of Nessler's reagent was pipetted on the

cultures. The change in the colour was observed. Bright orange colour
indicated a positive reaction while yellow indicated the negative reac-
tion. A negative control, which did not contain arginine, was also used as
negative control [26].

2.5.8. Bile tolerance

Isolates were inoculated into MRS broths containing Oxgall (Sigma)
of varied concentrations (0.5, 1.0, 1.5 and 2.0%) and incubated at 37 °C
for 24 h. After incubation period 100 pl of cultures were transferred to
MRS agar by pour plate method and incubated at 37 °C for 24 h,
anaerobically. The growth of isolates on the agar plate was used to
confirm isolates as bile salt tolerant.

2.5.9. Determination of organic antibacterial agents
The bacterial isolates were grown of MRS broth for 24 h and samples
were taken for Lactic acid, hydrogen peroxide and diacetyl production.
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Figure 1. Bile tolerance of LAB isolates from fermented sorghum products (OB and PB).
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Figure 2. Production of antibacterial gases by bacterial isolates from fermented sorghum products (OB and PB).

Table 2. Antibiotic sensitivity profiles of bacterial isolates from fermented sorghum products (Ogi-baba and Pito).

Antibiotic OB1 OB2 OB3 OB4 OB5 OB6 OB7 PB1 PB2 PB3 PB4
Chloramphenicol 25 pg R R R R R R R R R R R
Erythromycin 5 pg S S R S S S S S S R S
Fusidic acid 10 pg S R S S S S S S S S S
Oxacillin 5 pg R R R R S R R R R S R
Novobiocin 5 pg R R R R R R R R S R S
Penicillin G 1 unit S S S R R S S S S S S
Streptomycin 10 pg R R R S S S S R S R R
Tetracycline 25 pg R R S S S R R R S R S
Keys: S: Sensitive; R: Resistant (>18 mm).
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Figure 3. Antibacterial activities of LAB isolates from fermented sorghum products (OB and PB).
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Figure 4. Probiotic potentials of LAB isolates from fermented sorghum products (OB and PB).

=KP883298.1 OB6 16S ribosomal RNA gene, partial sequence
GTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAACTCTGTTGTTAAAGAAGAAC
ATATCTGAGAGTAACTGTTCAGGTATTGACGGTATTTAACCAGAAAGCCACGGCTAACTACGTGCCAGCA
GCCGCGGTAATACGTAGGTGGCAAGCGTITGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTIT
TAAGTCTGATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGTGCAGAA
GAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCG
GCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGTATGGGTAGCAAACAGGATTAGATACCCTGGTAG
TCCATGCCGTAAACGATGATTGCTAAGTGTITGGAGGGTITTCCGCCCTTCAGTGCTGCAGCTAACGCATTA
AGCATTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGG
TGGAGCATGTGGTTTAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATACTATGCCAATCTAA
GAGATTAGACGTITCCCTTCGGGGACATGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGA
TGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATTATCAGTITGCCAGCATTAAGTTGGGCACTCTGGT
GAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGC
TACACACGTGCTACAATGGATGGTACAACGAGTTGCGAGCTCGCGAGAGTAAGCTAATCTCTTAAAGCCA
TICTCAGTTCGGACTGTAGGCTGCAACTCGCCTACATGAAGTCGGAATCGCTA

Figure 5. 16S rRNA sequence of bacterial isolate OB6 from fermented sorghum product (Ogi-baba).

2.5.10. Hydrogen peroxide

Diluted sulphuric acid (25 ml) was added to 25 ml of the broth culture
of the isolates. Titration was carried out with 0.1 N potassium perman-
ganate 1 ml of 0.1 N potassium permanganate is equivalent to 1.070 mg
of hydrogen peroxide. A decolourization of the sample was regarded as
end point [28].

2.5.11. Lactic acid

NaOH (0.1 N) was titrated against 25 ml broth culture of the isolates
using 3 drops of phenolphthalein as indicator. The NaOH was added until
the colour changes to pink. Each millilitre of NaOH is equivalent to 90.08
mg of lactic acid [28].

2.5.12. Diacetyl

Into conical flasks were dispensed 25 ml broth culture of isolates and
7.5 ml of hydroxylamine solution were used for the residual titration.
Titration was done with 0.1 N HCI to a greenish end point using bro-
mophenol blue as indicator. The equivalent factor of HCl to diacetyl is
21.5 mg [28].

2.6. Antibiotic susceptibility profile

Isolates antibiotic susceptibility was determined by the ring overlay
technique on solid MRS agar at pH 7 with the use of antibiotic multi-

discs (MASTRING-S™ M13): chloramphenicol (25 pg), erythromycin
(5 pg), Fusidic acid (10 pg), Oxacillin (5 pg), Novobiocin (5
ug), Penecillin G (1U), Streptomycin (10 pg) and Tetracycline (25 pg)
[29].

2.7. Determination of antimicrobial activities

Nutrient agar was seeded with the indicator organisms (E.coli and
some enteropathogens) by streaking the entire surface of the culture
plates and incubated at 37 °C for 6 h. Holes (6 mm in diameter) were
aseptically punched out of the agar plates, and then, 100 pl overnight
MRS broth cultures of the isolates were introduced into the holes and
incubated aerobically at ambient temperature for 6 h and anaerobically
at 37 °C for the next 18 h. After incubation period, inhibitions observed
by clear zones extending laterally from the border of the isolate was
noted and recorded in mm diameter [30].

2.8. Determination of probiotic potential of the isolates

Each study of the bacterial isolates was scored. Percentage probiotic
potential was calculated as observed score divided by maximum score as
done by Tambekar and Bhutada [31].

Probiotic Potential =Observed Score/Maximum Score X 100 (@D)]



A.A. Otunba et al.

Table 3. BLAST Lineage report of OB6 isolated from fermented sorghum product
(OB: Ogi-baba).

Closest Genetic Match % of Similarity

Pedicoccus pentosaceus 100
Pedicoccus acidililactici 99
Pedicoccus damnosus 96
Pedicoccus ethanolidurans 97
Pedicoccus pavulus 95
Lactobacillus kisonensis 95

2.9. Genetic characterization of selected isolates

2.9.1. Genomic DNA isolation and PCR amplification of 16S rRNA gene
DNA was isolated from selected isolates grown in 1.5 ml of MRS broth
at 37 °C for 24 h. The cells were harvested by centrifugation at 10,000
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rpm for 5 min. After centrifugation, the pellet was collected and washed
twice with 1 ml of 0.5 g/1 sodium phosphate buffer. 1 ml double distilled
water (ddH,0) was added to the pellet, vortexed and subjected to heating
at temperature of 95 °C for 30 min. The suspension was then cooled
immediately on ice for 30 min and centrifuged at 14,000 rpm for 1 min.
The supernatant was decontaminated with equal volume of phenol:
chloroform: isoamyl-alcohol (25:24:1). DNA was precipitated with ab-
solute ethanol from aqueous phase and washed with 70% ethanol. The
washed DNA was retained for further analyses [32]. DNA pellets were air
dried and re-suspended in TE buffer. An amplicon was amplified from the
small subunit of 16S rRNA gene wusing primer set 16S1
(5'-GAGTTTGATCCTGGCTCA-3') and 16S2 (5'-CGGCTACCTTGTTACG
ACTT-3").

Amplification of 16S rRNA gene was performed in a 25 pl reaction
volume containing approximately 50 pg genomic DNA as the template. 5 pl
of 0.2 mM deoxynucleoside triphospates, ANTPs (Promega UI20A - UI23A,

KX943327.1 Lactobacillus plantarum strain SLC21 16S ribosomal RNA gene partial sequence
KX780367.1 Lactobacillus plantarum strain CaD1 16S ribosomal RNA gene partial sequence
KU728722.1 Lactobacillus plantarum strain SY-8 16S ribosomal RNA gene partial sequence
LC119064.1 Lactobacillus plantarum gene for 16S ribosomal RNA partial sequence strain: LMT1-9
AB973182.1 Lactobacillus plantarum gene for 16S ribosomal RNA partial sequence isolate: 1316
AB973179.1 Lactobacillus plantarum subsp. plantarum gene for 16S ribosomal RNA partial sequence isolate: 162
KX499349.1 Lactobacillus sp. strain 3-1 16S ribosomal RNA gene partial sequence
KX499348.1 Lactobacillus sp. strain 5-1 16S ribosomal RNA gene partial sequence
KX499347.1 Lactobacillus sp. strain 14-1 16S ribosomal RNA gene partial sequence

KU551226.1 Lactobacillus plantarum strain DS11 16S ribosomal RNA gene partial sequence

LC177235.1 Lactobacillus plantarum gene for 16S ribosomal RNA partial sequence strain: NGRI 0101

KU551238.1 Lactobacillus plantarum subsp. plantarum strain RS11 16S ribosomal RNA gene partial sequence
KX822706.1 Lactobacillus plantarum strain hstb-5 16S ribosomal RNA gene partial sequence

KU728712.1 Lactobacillus plantarum strain ZTC-2 16S ribosomal RNA gene partial sequence
KU728708.1 Lactobacillus plantarum strain ZTR-5 16S ribosomal RNA gene partial sequence
KU728694.1 Lactobacillus plantarum strain SY-3 16S ribosomal RNA gene partial sequence
KU728705.1 Lactobacillus pentosus strain ZTC-1 16S ribosomal RNA gene partial sequence
KU728702.1 Lactobacillus pentosus strain SY-3 16S ribosomal RNA gene partial sequence
KU728693.1 Lactobacillus pentosus strain ZTC-5 16S ribosomal RNA gene partial sequence
KU728710.1 Lactobacillus plantarum strain ZTR-3 16S ribosomal RNA gene partial sequence
KU728720.1 Lactobacillus plantarum strain SY-1 16S ribosomal RNA gene partial sequence
KU728698.1 Lactobacillus plantarum strain ZTR-1 16S ribosomal RNA gene partial sequence

AB973176.1 Lactobacillus plantarum subsp. plantarum gene for 16S ribosomal RNA partial sequence isolate: 1108
_EKY287773.1 Lactobacillus plantarum strain MI10SB1a 16S ribosomal RNA gene partial sequence
W KP883298.1 OB6 16S ribosomal RNA gene partial sequence ]
KX527658.1 Lactobacillus paraplantarum strain SC61 16S ribosomal RNA gene partial sequence
AB973181.1 Lactobacillus plantarum gene for 16S ribosomal RNA partial sequence isolate: 1315
KU512757.1 Lactobacillus plantarum strain T1 16S ribosomal RNA gene partial sequence
KX886789.1 Lactobacillus pentosus strain JCM 1558T 16S ribosomal RNA gene partial sequence

KX603590.1 Uncultured Lactobacillus sp. clone GJ 2 51 16S ribosomal RNA gene partial sequence
KX603474.1 Uncultured Lactobacillus sp. clone GJ (2) 6 16S ribosomal RNA gene partial sequence
KX522541.1 Lactobacillus plantarum strain p98Ib1 16S ribosomal RNA gene partial sequence

KX603587.1 Uncultured Lactobacillus sp. clone GJ 2 42 16S ribosomal RNA gene partial sequence
KX603584.1 Uncultured Lactobacillus sp. clone GJ 2 39 16S ribosomal RNA gene partial sequence
KU535872.1 Lactobacillus plantarum strain DL3 16S ribosomal RNA gene partial sequence
KU728718.1 Lactobacillus plantarum strain SY-10 16S ribosomal RNA gene partial sequence

KU728703.1 Lactobacillus pentosus strain ZTC-4 16S ribosomal RNA gene partial sequence
KU728697.1 Lactobacillus plantarum strain ZTR-7 16S ribosomal RNA gene partial sequence
KY203913.1 Lactobacillus pentosus strain BSR3 16S ribosomal RNA gene partial sequence
KX389272.1 Lactobacillus plantarum strain Lpfg69 16S ribosomal RNA gene partial sequence

LT593850.1 Lactobacillus plantarum partial 16S rRNA gene isolate L.P 205

KT719223.1 Lactobacillus plantarum strain JT11 16S ribosomal RNA gene partial sequence
LT604462.1 Lactobacillus sp. UN47 partial 16S rRNA gene isolate UN47

KX389273.1 Lactobacillus plantarum strain Lpfg11 16S ribosomal RNA gene partial sequence
KX389271.1 Lactobacillus plantarum strain Lpfg68 16S ribosomal RNA gene partial sequence
KU728707.1 Lactobacillus plantarum strain ZTR-4 16S ribosomal RNA gene partial sequence
KU728704.1 Lactobacillus plantarum strain SNR-2 16S ribosomal RNA gene partial sequence

Figure 6. Molecular Phylogenetic analysis of OB6 isolated from fermented sorghum product (OB: Ogi-baba) by Maximum Likelihood method.
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>KP883297.1 PB2 16S ribosomal RNA gene, partial sequence
CTGATGGAGCACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAGCTCTGTTGTTAAAGAAGAACGTG
GGTAAGAGTAACTGTTTACCCAGTGACGGTATTTAACCAGAAAGCCACGGCTAACTACGTGCCAGCCAGCC
GCGGTAATACGTAGGTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTCTTTTAA
GTCTAATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATTGGAAACTGGGAGACTTGAGTGCAGAAGAG
GACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCT
GTCTGGTCTGCAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCC
ATGCCGTAAACGATGATTACTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGT
AATCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAAGAATTGACGGGGGCCCGCACAAGCGGTGG
AGCATGTGGTTTAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATCTTCTGACAGTCTAAGAG
ATTAGAGGTTCCCTTCGGGGACAGAATGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGT
TGGGTTAAGTCCCGCAACGAGCGCAACCCTTATTACTAGTTGCCAGCATTAAGTTGGGCACTCTAGTGAG
ACTGCCGGTGACAAACCGGAGGAAGGTGGGGACGACGTCAAATCATCATGCCCCTTATGACCTGGGCTAC
ACACGTGCTACAATGGATGGTACAACGAGTCGCGAGACCGCGAGGTTAAGCTAATCTCTTAAAACCATTIC
TCAGTTCGGACTGTAGGCTGCAACTCGCCTACACGAAGTCGGAATCGCTAGTAATC

Figure 7. 16S rRNA sequence of bacterial isolate PB2 from fermented sorghum product (Pito).

Madison, WI, USA), 5 pl of 2.5 mM MgCl,, 5 pmol each (0.1 pl volume) of
the DNA primer in PCR buffer (Promega, UK), and 5 pl of 1.25 units Taq
DNA polymerase (Promega, UK) and 8 pl distilled water. Amplification
conditions were as follows: an initial denaturation step of 5 min at 96 °C,
30 amplification cycles, each consisting of 30 s denaturation at 96 °C, 60 s
annealing at 50 °C and 60 s elongation at 70 °C. Reactions were terminated
with a final extension step for 5 min at 70 °C. PCR amplification was
performed in a BIORAD thermal cycler (BIORAD iCycler, USA).

The quality of the extracted DNA was determined by agarose gel
electrophoresis 1.2% (w/v), and visualized on UV-transilluminator [33].

2.9.2. Sequencing and phylogenetic analysis of 16S rRNA

The PCR product was sequenced in and submitted to LARAGEN lab-
oratory and 16S rRNA was obtained. The 16S rRNA sequences of the
isolates were compared by alignment against 16S rRNA sequences of LAB
available in the Genbank Database using the Basic Local Alignment
Search Tool (BLAST). The sequence data was aligned and analyzed to
identify the bacteria with closest neighbors based on the program at: http
://www.ncbi.nlm.nih.gov/BLAST [34].

Phylogenetic analysis of LAB isolates 16S ribosomal RNA gene
sequence through Maximum likelihood methods were carried out using
MEGA 5.2.2 software and determined by tree reconstructed using
Neighbor-Joining method using Tamura-Nei model [35, 36].

2.9.3. p-galactosidase assay of the selected isolates

Overnight culture was streaked onto MRS agar plate containing
0.01% X-gal (5 Bromo, 4 Chloro, 3- indolyl-D-Galactopyranoside) and 0.1
mM Isopropyl B-D-1-thiogalactopyranoside (IPTG) (Hi Media, India)
dissolved in Dimethyl sulphoxide (DMSO) as an inducer. The plate was
incubated for 24 h at 37 °C and colour (blue/white) formation was
observed for p-galatosidase activity [34].

2.10. Statistical analyses

Statistical analysis was performed using SPSS 20.0 software (Inter-
national Business Machine ‘IBM’ Corporation, 2014). Data are expressed

Table 4. BLAST Lineage report of PB2 isolated from fermented sorghum product
(PB: Pito).

Closest Genetic Match % of Similarity

Lactobacillus plantarum 100
Lactobacillus pentosus 99
Lactobacillus vaccinostercus 96
Lactobacillus diolivorans 94
Lactobacillus kisonensis 94

as mean + SD for triplicate results. Genetic data were analyzed using
bioinformatics tools such as Basic Local Alignment Search Tool (BLAST)
and Molecular Evolutionary Genetics Analysis (MEGA) Version 5.2.2.

2.11. Submission of strains to public strain database

The strains are made publically available. They were submitted to
Laragen Incorporation, 10601 Virginia Ave, Culver City, CA90232, Cal-
ifornia, USA.

3. Results
3.1. Identification of LAB isolates from fermented sorghum products

In the study, a total of 11 bacterial strains were isolated from fer-
mented sorghum products. Seven isolates from gruel are labelled OB1 to
OB7 and Four isolates from beverage which a labelled PB1 to PB4.

3.2. Microbiological and biochemical characterization of LAB isolates
from fermented sorghum products

The isolates were tentatively identified as six Lactobacillus species;
three Pediococcus species; one Streptococcus specie and one Leuconostoc
specie based on morphological, phenotypic physiological and biochem-
ical characterization (Table 1). The isolates were characterized to be
Gram-positive, catalase-negative and tolerant to 5% (w/v) NaCl. The
isolates showed varied capabilities to ferment different sugars as
confirmed by acid production (Table 1).

3.3. Bile tolerance of LAB isolates from fermented sorghum products

Tolerance to bile salts was observed in six isolates (OB5, OB6, OB7,
PB1, PB2 and PB4) at 2% (Figure 1).

3.4. Production of antibacterial agents by lab isolates from fermented
sorghum products

All isolated strains produced lactic acid. However, over 75% of the
isolates (OB1, OB2, OB3, OB6, PB1, PB2, PB3 and PB4) produced diacetyl
whereas about 55% of isolated strains (OB1, OB6, OB7, PB1, PB2 and
PB4) produced hydrogen peroxide (Figure 2).

3.4.1. Antibiotic susceptibility of LAB isolates from fermented sorghum
products

All isolates demonstrated high susceptibility Erythromycin 5 pg,
Fusidic acid 10 pg and Penicillin G 1 unit. Isolates OB5 and PB2 exhibited
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KU555453.1 Pediococcus pentosaceus strain HSK1-8-2 16S ribosomal RNA gene partial sequence

LT604461.1 Pediococcus sp. UN32 partial 16S rRNA gene isolate UN32

KR364785.1 Pediococcus sp. JM80 16S ribosomal RNA gene partial sequence

KX430829.1 Pediococcus pentosaceus strain GG1 16S ribosomal RNA gene partial sequence
LC153551.1 Pediococcus pentosaceus gene for 16S ribosomal RNA partial sequence strain: JCM 2024

— KT351719.1 Pediococcus pentosaceus strain BSS1086 16S ribosomal RNA gene partial sequence

— KU527556.1 Pediococcus pentosaceus strain HM-2 16S ribosomal RNA gene partial sequence

KU728687.1 Pediococcus pentosaceus strain SY-1 16S ribosomal RNA gene partial sequence

KU527557.1 Pediococcus pentosaceus strain HM-3 16S ribosomal RNA gene partial sequence
KT351725.1 Pediococcus pentosaceus strain BSS1305 16S ribosomal RNA gene partial sequence
KU555498.1 Pediococcus pentosaceus strain HSK5-9 16S ribosomal RNA gene partial sequence

r KU555486.1 Pediococcus pentosaceus strain HSK4-6 16S ribosomal RNA gene partial sequence
KU555497.1 Pediococcus pentosaceus strain HSK5-7-2 16S ribosomal RNA gene partial sequence

KT351721.1 Pediococcus pentosaceus strain BSS1109 16S ribosomal RNA gene partial sequence

KT351726.1 Pediococcus pentosaceus strain BSS1375 16S ribosomal RNA gene partial sequence
KU728696.1 Pediococcus pentosaceus strain ZTR-3 16S ribosomal RNA gene partial sequence

KX890131.1 Pediococcus pentosaceus strain WiKim20 16S ribosomal RNA gene partial sequence

KU555492.1 Pediococcus pentosaceus strain HSK5-13-3 16S ribosomal RNA gene partial sequence
KX387351.1 Pediococcus pentosaceus strain SC11 16S ribosomal RNA gene partial sequence
KU728683.1 Pediococcus pentosaceus strain ZTR-4 16S ribosomal RNA gene partial sequence
KT968344.1 Pediococcus pentosaceus strain KTNA0301M 16S ribosomal RNA gene partial sequence
KU728706.1 Pediococcus pentosaceus strain ZTR-2 16S ribosomal RNA gene partial sequence
KU728709.1 Pediococcus pentosaceus strain SNR-1 16S ribosomal RNA gene partial sequence
KX387352.1 Pediococcus pentosaceus strain ON-89A 16S ribosomal RNA gene partial sequence
KX527660.1 Pediococcus pentosaceus strain SP-024 16S ribosomal RNA gene partial sequence
KT351720.1 Pediococcus pentosaceus strain BSS1095 16S ribosomal RNA gene partial sequence

Il KP883297.1 PB2 16S ribosomal RNA gene partial sequence ]
LC076286.1 Pediococcus pentosaceus gene for 16S ribosomal RNA partial sequence strain: Be1
KU728686.1 Pediococcus pentosaceus strain ZTR-1 16S ribosomal RNA gene partial sequence
KX674036.1 Pediococcus pentosaceus strain MRS_56-1 16S ribosomal RNA gene partial sequence
KX674038.1 Pediococcus pentosaceus strain MRS_56-3 16S ribosomal RNA gene partial sequence

KT757261.1 Pediococcus pentosaceus strain SFL4 16S ribosomal RNA gene partial sequence

KU366612.1 Pediococcus pentosaceus strain 34 16S ribosomal RNA gene partial sequence

KU555447.1 Pediococcus pentosaceus strain HSK1-7-2 16S ribosomal RNA gene partial sequence
KU315060.1 Pediococcus pentosaceus strain TP4 16S ribosomal RNA gene partial sequence

KX886792.1 Pediococcus pentosaceus strain DSM 20336 T 16S ribosomal RNA gene partial sequence
KX527659.1 Pediococcus pentosaceus strain ON-81A 16S ribosomal RNA gene partial sequence
LC127176.1 Pediococcus pentosaceus gene for 16S ribosomal RNA partial sequence strain: PC73-3

KU555504.1 Pediococcus pentosaceus strain HSK8-10 16S ribosomal RNA gene partial sequence
KX387353.1 Pediococcus pentosaceus strain ON-188 16S ribosomal RNA gene partial sequence

— HQ711360.1 Pediococcus pentosaceus strain L2-2 16S ribosomal RNA gene partial sequence

L KX377684.1 Pediococcus pentosaceus strain RW1 16S ribosomal RNA gene partial sequence
KU555445.1 Pediococcus pentosaceus strain HSK1-6-2 16S ribosomal RNA gene partial sequence

KU315071.1 Pediococcus pentosaceus strain M1 16S ribosomal RNA gene partial sequence

KU555499.1 Pediococcus pentosaceus strain HSK6-1 16S ribosomal RNA gene partial sequence

KU555472.1 Pediococcus pentosaceus strain HSK2-8-1 16S ribosomal RNA gene partial sequence

KU555496.1 Pediococcus pentosaceus strain HSK5-7-1 16S ribosomal RNA gene partial sequence

KU555505.1 Pediococcus pentosaceus strain HSK8-11 16S ribosomal RNA gene partial sequence

KUB899049.1 Pediococcus pentosaceus strain 200102 16S ribosomal RNA gene partial sequence

Figure 8. Molecular Phylogenetic analysis of PB2 isolate from fermented sorghum products (PB: Pito) by Maximum Likelihood method.

sensitivity to additional antibiotics such as Oxacillin 5 pg, Streptomycin
10 pg and Tetracycline 25 pg. However, all the isolates showed resistance
to Chloramphenicol 25 pg (Table 2).

3.4.2. Antibacterial activities of LAB isolates from fermented sorghum
products

The isolated strains exhibited more pronounced antibacterial activities
against indicator Gram-positive bacteria, such as Listeria sp., Bacillus sp.,
and Staphylococcus sp., than the indicator Gram-negative bacteria (E. coli,
H. pylori, Pseudomonas sp., Klebsiella sp., and Salmonella sp.) (Figure 3).

3.4.3. Probiotic potentials of LAB isolates from fermented sorghum products

The probiotic potentials of the isolates were calculated and
observed to range between 51 and 78%; PB2 having highest of 77.42%
(Figure 4).

3.4.4. 16S rRNA sequence of OB6 isolate from fermented sorghum gruel
‘Ogi-baba’

Figure 5 shows the 16S rRNA gene partial sequence of OB6 after
amplification by PCR. The sequence datum of 963 nucleotides was sub-
mitted and ascribed ascension number: KP883298.
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Figure 9. p-galactosidase activity of selected strains OB6 and PB2 isolated from fermented sorghum products (Ogi-baba and Pito). OB6: L. plantarum OB6 grown on
nutrient agar supplemented with X-gal; PB2: P. pentosaceus PB2 grown on nutrient agar supplemented with X-gal; Ctrl: nutrient agar supplemented with X-gal without

bacterial isolate.

3.4.5. Molecular identification of OB6 isolate by BLAST search

The alignment of 16S rRNA gene partial sequence of OB6 in the
Genbank by BLAST run showed 100% identity with Lactobacillus plan-
tarum strain 16S ribosomal RNA gene (see Tables 3).

3.4.6. Phylogenetic identification of OB6 isolate from Ogi-baba

The tree with the highest similar sequences is shown. The tree is
drawn to scale, with query sequence (ascension number: KP883298)
belonging to OB6 isolate having 100% similarity with three Lactobacillus
plantarum strains (Figure 6).

3.4.7. 16S rRNA sequence of PB2 isolate from fermented sorghum beverage
‘Pito’

Figure 7 shows the 16S rRNA gene partial sequence of PB2 after
amplification by PCR. The sequence datum of 966 nucleotides was sub-
mitted and ascribed ascension number: KP883297.

3.4.8. Molecular identification of PB2 isolate by BLAST search

The alignment of 16S rRNA gene partial sequence of PB2 in the
Genbank by BLAST run showed 100% identity with Pediococcus pento-
saceus strain 16S ribosomal RNA gene (see Tables 4).

3.5. Phylogenetic identification of PB2 isolate from Pito

The tree with the highest similar sequences is shown. The tree is
drawn to scale, with query sequence (ascension number: KP883297)
belonging to PB2 isolate having 100% similarity with four Pediocccus
pentosaceus strains (Figure 8).

3.5.1. p-galactosidase assay of P. pentosaceus PB2 from Pito

Both strains (L. plantarum OB6 and P. pentosaceus PB2) showed blue/
green colonies on MRS agar supplemented with X-GAL (5-bromo-4-
chloro-3-indolyl-p-D-galactopyranoside) and IPTG (isopropyl p-D-1-thi-
ogalactopyranoside) and thus p-galactosidase activity (Plate 1) (see
Figure 9).

4. Discussions

Food fermentations contribute substantially to food safety and food
security, particularly in the rural areas of many developing countries
[37]. Many foods have not been examined thoroughly to establish their
health-benefits like probiotic properties. Fermented sorghum products
are among such food condiments which have never been evaluated for
the microbial ecology and beneficial effects to the consumers. However,
this study enabled the isolation of lactic acid bacteria (LAB) and analyses
of the ability to exhibit profound probiotic characteristics such as

antibacterial property, acid tolerance, bile acid tolerance as well as
antibiotic susceptibility.

Enteropathogenic bacteria are of global public health concern
because of the associated significant morbidity and mortality especially
in low and middle income countries where they place tremendous bur-
dens on fragile health care systems [38].

Strains of Lactobacillus species which are most employed as probiotics
were found to predominate amongst the population of bacteria isolated
from fermented sorghum which confirms the report of Ruiz et al. [39].
The presence of Pediococcus pentosaceus strain (PB2) with
homo-fermentative nature indicates that it will grow substantially faster
than other bacteria present in the same ecological. This may enhance its
very rapid domination and establishment in a wide range of environ-
ments and will it suitable for development of a probiotic [40, 41].

It was observed that PB2 tolerated temperature as high as 45 °C. This
ability to grow at high temperature is a desirable trait because a high
fermentation temperature could reduce contamination by other micro-
organisms less tolerant to heat [42]. Additionally, strain PB2 was more
tolerant to high NaCl concentration (10% w/v) when compared with
other isolates of study. Bacteria adapt to hyper-osmolarity by accumu-
lation, synthesis and transport of compatible solutes to restore turgor. It
has also been well documented that osmo-protectants could play addi-
tional positive roles and have beneficial effects on membrane integrity,
thermo-protection, protein folding and stability [43] which could be a
contributory factor to the thermo-tolerant ability of PB2. The tolerance of
some of the isolated strains (including PB2) to acidity and bile salt is vital
for bacterial survival and growth in the gastro-intestinal tract. These
attributes are the main requirements for bacteria to be considered pro-
biotics [44, 45]. Tolerance to bile salts is a prerequisite for colonization
and metabolic activity of bacteria in the small intestine of the host [46,
471. This will help probiotics to reach the small intestine and colon and
contribute in balancing the intestinal micro-flora [31, 48].

This study also found the antibacterial properties of the isolated
strains against enteropathogenic bacteria that are of clinical importance.
The antimicrobial properties of the isolated LAB were detected to have
resulted from production of lactic acid, diacetyl and hydrogen peroxide.
In addition to production of organic acids and hydrogen peroxide PB2
produced other anti-enterogenic agent (diacetyl). The preservative effect
exerted by LAB is mainly due to the production of organic acids (such as
lactic, acetic, propionic acids) which result in lowered pH [49, 50] and
production of other compounds including carbon dioxide, hydrogen
peroxide, diacetyl and bacteriocins among others [34]. The production of
acids lowers the pH of the digestive tract and inhibits the growth of the
pathogenic microorganisms [51].

The isolated LAB strains exhibited potent antimicrobial activity
against E. coli, Listeria sp. and other putative entero-pathogens.
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Antimicrobial activities account for restoration of gastrointestinal and
respiratory tracts microbiota whereby boosting and stimulating immune
activity. At present, good scientific evidence exists to support the ability
of probiotics to boost human immunity, thereby preventing colonization
by pathogens and reducing the incidence and severity of infections [52].

Antibiotic resistance of enteric LAB is of major concern because they
are highly amenable to conjugation [53, 54] and also successful donor
organisms for the transfer of antibiotic resistance genes to unrelated
enterococci [55, 56], lactobacilli [57], other Gram-positives including
Bacillus subtilis [58], Staphylococcus [59] and Listeria spp. [60]; and even
Gram negative bacteria [61, 62, 63]. Conversely, sensitivity of OB6 and
PB2 isolates to majority of tested antibiotics makes them potentially
useful as a probiotic and an alternative to antibiotic therapy.

Phylogenetic trees were constructed by the software showing the
ancestral relationship among the sequences following the use of align-
ment tool ‘BLAST’ which matched submitted sequences of selected
strains of isolates OB6 and PB2, (accession numbers: KP883298 and
KP883297 respectively) with deposited ancestral gene sequences in
GenBank. The Maximum Likelihood phylogenic tree produced different
clusters showing their evolution relationship within different species of
LAB implicated Lactobacillus sp. and Pediococcus sp. The phylogenetic
affiliations of the isolates confirmed OB6 as Lactobacillus plantarum and
PB2 as Pediococcus pentosaceus. These evolutionary acquirements have
made necessary changes in the genetic control of ontogeny, and this, in
turn, might have caused adaptive changes in the 16s RNA gene [64].

B- Galactosidase activity reduces lactose intolerance and is an
important probiotic property [34, 65]. Therefore, the expression p-
Galactosidase activity by Pedicoccus pentosaceus (PB2) and a strain of
Lactobacillus plantarum (OB6) indicates potential use in the management
of lactose intolerance.

5. Conclusion

Fermentation is a major food processing technique that enhances the
nutritive value of the products and at the same time uses probiotics for
healthcare benefits. The beneficial attributes of probiotics involved in
local fermentation offer exploitable means for the improvement of local
fermented foods thereby helping to maintain the human gastrointestinal
and respiratory tracts microbiota. This study has generated useful in-
formation on exceptional probiotic potentials of both Lactobacillus plan-
tarum OB6 and Pediococcus pentosaceus PB2 isolated from fermented
sorghum products, Ogi-baba and Pito respectively, and has opened up a
vista of possible approaches to ameliorate infections of gastrointestinal
and respiratory tracts in humans.

Declarations
Author contribution statement

Ahmed Adebisi Otunba: Conceived and designed the experiments;
Performed the experiments; Analyzed and interpreted the data;
Contributed reagents, materials, analysis tools or data; Wrote the paper.

Akinniyi Adediran Osuntoki and Daniel Kolawole Olukoya:
Conceived and designed the experiments; Contributed reagents, mate-
rials, analysis tools or data; Wrote the paper.

Benjamin Ayodipupo Babalola: Performed the experiments; Analyzed
and interpreted the data; Wrote the paper.

Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Data availability statement

Data associated with this study has been deposited at BLAST under
the accession number KP883298 and KP883297.

10

Heliyon 7 (2021) e08536

Declaration of interests statement

The authors declare no conflict of interest.

Additional information
No additional information is available for this paper.
Acknowledgements

We wish to thank the Department of Biochemistry, University of
Lagos, and DANIFOL Biotechnology Foundation.

References

[1] O.K. Achi, M. Ukwuru, Cereal-based fermented foods of Africa as functional foods,
Internet J. Microbiol. 2 (2015) 71-83.

J.A. Ekundayo, The production of pito, a Nigerian fermented beverage, Int. Food
Sci. Technol. 4 (1969) 217-225.

T.A. Obilana, Less Known but Important Cereals in Nigeria: Production Processing
and Their Nutritional Advantages, Lagos State Polytechnic Public Lecture, 2005,
pp. 1-27.

S.L. Dillon, F.M. Shapter, R.J. Henry, L. Izquierdo, Slade L. Lee, Domestication to
crop improvement: genetic resources for sorghum and Saccharum
(Andropogoneae), Ann. Bot. 100 (2007) 975-989.

0.A. Adebo, African sorghum-based fermented foods: past, current and future
prospects, Nutrients 12 (2020) 1111.

W.O. Oyediran, A.M. Omoare, O.A. Osinowo, Contributive roles of sorghum
production to food security and economic empowerment of rural farming
households in Katsina state, Nigeria, Can. J. Agric. Econ. 2 (2017) 42-49.

C. Ciacci, L. Maiuri, N. Caporaso, C. Bucci, L.D. Giudice, D.R. Massardo, P. Pontieri,
N.D. Fonzo, S.R. Bean, B. Ioerger, M. Londei, Celiac disease: in vitro and in vivo
safety and palatability of wheat-free sorghum food products, Clin. Nutr. ESPEN. 26
(2007) 799-805.

N.A. Nwogu, E.D. Olaji, A.F. Egomwanre, Application of probiotics in Nigeria
aquaculture: current status, challenges and prospects, Int. Res. J. Microbiol. 2
(2011) 215-219.

F.M. Husain, N.A.A. Al-Shabib, A. Alyousef, A. Khan, M. Arshad, I. Hassan,

T.A. Albalawi, I. Ahmad, Probiotic bacteria used in food: a novel class of antibiofilm
agent, in: A. Saghir, A.A. Nasser (Eds.), Functional Food Products and Sustainable
Health, Springer, Singapore, 2020, pp. 25-35.

M.I. Alvarez-Olmos, R.A. Oberhelman, Probiotic agents and infectious diseases: a
modern perspective on a traditional therapy, Clin. Infect. Dis. 32 (2001)
1567-1576.

M. Gueimonde, M.C. Collado, Metagenomics and probiotics, Clin. Microbiol. Infect.
4 (2012) 32-34.

0O.D. Amund, Exploring the relationship between exposure to technological and
gastrointestinal stress and probiotic functional properties of lactobacilli and
bifidobacteria, Can. J. Microbiol. 62 (2016) 715-725.

A.N. Olaimat, M.A. Al-Holy, H.M. Shahbaz, A.A. Al-Nabulsi, M.H. Abu Ghoush,
T.M. Osaili, M.M. Ayyash, R.A. Holley, Emergence of antibiotic resistance in Listeria
monocytogenes isolated from food products: a comprehensive review, Compr. Rev.
Food Sci. Food Saf. 17 (2018) 1277-1292.

E.P. Culligan, C. Hill, R.D. Sleator, Probiotics and gastrointestinal disease: successes,
problems, and future prospects, Gut Pathog. 1 (2009) 1-12.

V.K. Viswanathan, K. Hodges, G. Hecht, Enteric infection meets intestinal function:
how bacterial pathogens cause diarrhea, Nat. Rev. Microbiol. 7 (2009) 110-119.
M. Ballal, P.G. Shivananda, Rotavirus and enteric pathogens in infantile diarrhoea
in Manipal, South India, Indian J. Pediatr. 69 (2002) 393-396.

E. Aboagye, K.W.A.K.U. Tano-Debrah, A.P.H. Kunadu, Microbial quality of fish
along with the Tilapia, African catfish and Sardinella artisanal value chains in
Kpong and James Town, Ghana, Intl. J. Bonorowo Wetl. 10 (2020) 1-17.

M.V. Christine, R.H. Susan, W.L. Johanna, D.P. John, A.R. Carol, H.T. Stephen,
Antibiotic use in relation to the risk of breast cancer, JAMA 291 (2004) 827-835.
G.C. Omojate, F.O. Enwa, A.O. Jewo, C.O. Eze, Mechanisms of antimicrobial actions
of phytochemicals against enteric pathogens-a review, Int. J. Pharm. 2 (2014)
77-85.

A.N. Olaimat, I. Aolymat, M. Al-Holy, M. Ayyash, M.A. Ghoush, A.A. Al-Nabulsi,
T. Osaili, V. Apostolopoulos, S.Q. Liu, N.P. Shah, The potential application of
probiotics and prebiotics for the prevention and treatment of COVID-19, NPJ Sci.
Food. 4 (2020) 1-7.

F. Hashempour-Baltork, H. Hosseini, S. Shojaee-Aliabadi, M. Torbati,

A.M. Alizadeh, M. Alizadeh, Drug resistance and the prevention strategies in food
borne bacteria: an update review, Adv. Pharmaceut. Bull. 9 (2019) 335.

S.A. Odunfa, African fermented foods, in: B.J. Wood (Ed.), Microbiology of
Fermented Foods, Vol. 2, Elsevier applied science publishers, London, 1985.

A.A. Osuntoki, I. Korie, Antioxidant activity of whey from milk fermented with
Lactobacillus spp. isolated from Nigerian fermented foods, Food Technol. Biotechnol.
48 (2010) 505-511.

0O.M. Kolawole, R.M.O. Kayode, B. Akinduyo, Proximate and microbial analyses of
burukutu and pitoproduced in Ilorin, Nigeria, Afr. J. Biotechnol. 6 (2007) 587-590.

[2]
[3]

[4]

[5]

[6]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]


http://refhub.elsevier.com/S2405-8440(21)02639-6/sref1
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref1
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref1
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref2
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref2
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref2
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref3
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref3
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref3
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref3
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref4
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref4
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref4
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref4
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref5
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref5
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref6
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref6
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref6
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref6
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref7
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref7
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref7
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref7
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref8
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref8
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref8
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref8
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref9
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref9
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref9
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref9
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref9
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref10
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref10
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref10
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref10
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref11
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref11
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref11
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref12
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref12
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref12
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref12
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref13
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref13
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref13
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref13
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref13
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref14
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref14
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref14
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref15
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref15
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref15
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref16
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref16
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref16
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref17
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref17
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref17
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref17
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref18
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref18
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref18
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref19
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref19
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref19
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref19
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref19
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref20
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref20
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref20
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref20
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref20
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref21
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref21
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref21
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref22
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref22
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref23
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref23
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref23
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref23
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref24
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref24
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref24

A.A. Otunba et al.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

F.A. Oguntoyinbo, O.M. Oni, Incidence and characterization of Bacillus cereus
isolated from traditional fermented meals in Nigeria, J. Food Protect. 67 (2004)
2805-2808.

A.M. Omemu, U.I. Okafor, A.O. Obadina, M.O. Bankole, S.A.O. Adeyeye,
Microbiological assessment of maize ogi cofermented with pigeon pea, Nutr. Food
Sci. 6 (2018) 1238-1253.

O. Kandler, N. Weiss, Regular, non-sporing gram-positive rods, in: H.A. Sneath,
N.S. Mair, M.E. Sharpe, J.G. Holt (Eds.), Bergey’s Manual of Systematic
Bacteriology, Williams & Wilkins, Baltimore, 1986, pp. 1208-1234.

AOAC, Official Methods of Analysis, fifteenth ed., Association of Official Anaslytical
Chemistry, Washington DC, 1990.

M. Mir-hoseini, Study of Effect of Nisin and Producer Bacteria of Nisin on Listeria
Monocytogenes and Bacillus Cereus, M.Sc. Thesis, Department of Microbiology,
University of Isfahan, Isfahan, Iran, 2004.

A.A. Osuntoki, O.R. Ejide, E.A. Omonigbehin, Antagonistic effects of
enteropathogens and plasmid analysis of Lactobacilli isolated from fermented dairy
products, Biotechnology 7 (2008) 311-316.

D.H. Tambekar, S.A. Bhutada, An evaluation of Probiotic Potential of Lactobacillus sp.
from milk of domestic animals and commercial available probiotic preparations in
prevention of enteric bacterial infections, Recent Res. Sci. Technol. 2 (2010) 82-88.
J. Sambrook, D.W. Russell, Preparation and analysis of eukaryotic genomic DNA, in:
J. Sambrook, D.W. Russell (Eds.), Molecular Cloning, Cold Spring Harbor
Laboratory Press, New York, USA, 2001, pp. 610-630.

S.I. Alam, A. Dixit, G.S. Reddy, S. Dube, M. Palit, S. Shivaji, Clostridium
schirmacherense sp. nov., an obligately anaerobic, proteolytic, psychrophilic
bacterium isolated from lake sediment of Schirmacher Oasis, Antarctica, Int. J. Syst.
Evol. 56 (2006) 715-720.

G. Sukumar, A.R. Ghosh, Pediococcus spp. — a potential probiotic isolated from Khadi
(an Indian fermented food) and identified by 16S rDNA sequence analysis, Afr. J.
Food Sci. 4 (2010) 597-602.

K. Tamura, M. Nei, Estimation of the number of nucleotide substitutions in the
control region of mitochondrial DNA in humans and chimpanzees, Mol. Biol. Evol.
10 (1993) 512-526.

K. Tamura, D. Peterson, N. Peterson, G. Stecher, M. Nei, S. Kumar, MEGA5:
molecular evolutionary genetics analysis using maximum likelihood, evolutionary
distance, and maximum parsimony methods, Mol. Biol. Evol. 28 (2011) 2731-2739.
Food and Agriculture Organization (FAO), Biotechnology Applications in Food
Processing: Can Developing Countries Benefit? FAO Biotechnology Forum, 2004.
https://agris.fao.org/agris-search/search.do?recordID=GB2013202701.

E. Abebe, G. Gugsa, M. Ahmed, Review on major food-borne zoonotic bacterial
pathogens, J. Trop. Med. 2020 (2020) 1-19.

L. Ruiz, A. Margolles, B. Sanchez, Bile resistance mechanisms in Lactobacillus and
bifidobacterium, Front. Microbial. 4 (2013) 396.

J. Hugenholtz, The lactic acid bacterium as a cell factory for food ingredient
production, Int. Dairy J. 18 (2008) 466-475.

J.H. Oh, X.B. Lin, S. Zhang, S.L. Tollenaar, M. Ozcam, C. Dunphy, J.P. Van Pijkeren,
Prophages in Lactobacillus reuteri are associated with fitness trade-offs but can
increase competitiveness in the gut ecosystem, Appl. Environ. Microbiol. 86 (2019)
e01922-19.

AF. Mohd Adnan, LK.P. Tan, Isolation of lactic acid bacteria from Malaysian foods
and assessment of the isolates for industrial potential, Bioresour. Technol. 98
(2007) 1380-1385.

A. Baliarda, H. Robert, M. Jebbar, C. Blanco, A. Deschamps, C. Le Marrec, Potential
osmoprotectants for the lactic acid bacteria Pediococcus pentosaceus and
Tetragenococcus halophila, Int. J. Food Microbiol. 84 (2003) 13-20.

C. Dunne, L. O’Mahony, L. Murphy, G. Thornton, D. Morrissey, S. O’Halloran,

M. Feeney, S. Flynn, G. Fitzgerald, C. Daly, B.C. Kiely, G. O’Sullivan, F. Shanahan,
J.K. Collins, In vitro selection criteria for probiotic bacteria of human origin:
correlation with in vivo findings, Am. J. Clin. Nutr. 73 (2001) 386-392.

S. Byakika, .M. Mukisa, Y.B. Byaruhanga, C. Muyanja, Probiotic potential of lactic
acid starter cultures isolated from a traditional fermented sorghum-millet beverage,
Int. J. Food Microbiol. 2020 (2020) 7825943.

11

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Heliyon 7 (2021) e08536

J.K. Collins, G. Thornton, G.O. Sullivan, Selection of probiotic strains for human
applications, Int. Dairy J. 8 (1998) 487-490.

A. Bindu, N. Lakshmidevi, Identification and in vitro evaluation of probiotic
attributes of lactic acid bacteria isolated from fermented food sources, Arch.
Microbiol. 203 (2021) 579-595.

A. Singh, K. Kaur, V. Kaur, G. Singh, U.K. Mandal, N. Mishra, R.K. Narnag,
Importance of nanocarriers and probiotics in the treatment of ulcerative colitis,

J. Drug Deliv. Therapeut. 9 (2019) 216-228.

M.A. Daeschel, Antimicrobial substances from lactic acid bacteria for use as food
preservatives, Food Technol. 43 (1989) 164-167.

J. Li, Q. Huang, X. Zheng, Z. Ge, K. Lin, D. Zhang, X. Shi, Investigation of the lactic
acid bacteria in Kazak cheese and their contributions to cheese fermentation, Front.
Microbial. 11 (2020) 228.

S.D. Todorov, H.J. Kang, I.V. Ivanova, W.H. Holzapfel, Bacteriocins from LAB and
other alternative approaches for the control of Clostridium and clostridiodes related
gastrointestinal colitis, Front. Bioeng. Biotech. 8 (2020) 1088.

(a) A.N. Olaimat, I. Aolymat, M. Al-Holy, M. Ayyash, M. Abu Ghoush, A.A. Al-
Nabulsi, T. Osaili, V. Apostolopoulos, S.Q. Liu, N.P. Shah, The potential application
of probiotics and prebiotics for the prevention and treatment of COVID-19, NPJ Sci.
Food. 5 (2020) 17;

(b) D.B. Clewell, K.E. Weaver, Sex pheromones and plasmid transfer in
Enterococcus faecalis, Plasmid 21 (1989) 175-184.

J. Davies, D. Davies, Origins and evolution of antibiotic resistance, Microbiol. Mol.
Biol. Rev. 74 (2010) 417-433.

J.G. Emond-Rheault, J. Hamel, J. Jeukens, L. Freschi, I. Kukavica-Ibrulj, B. Boyle,
F. Daigle, The Salmonella enterica plasmidome as a reservoir of antibiotic
resistance, Microorganisms 8 (2020) 1016.

L.B. Rice, L.L. Carias, C.L. Donskey, S.D. Rudin, Transferable, plasmid-mediated
VanB-type glycopeptide resistance in Enterococcus faecium, Antimicrob. Agents
Chemother. 42 (1998) 963-964.

N.A. Lerminiaux, A.D. Cameron, Horizontal transfer of antibiotic resistance genes in
clinical environments, Can. J. Microbiol. 65 (2019) 34-44.

A.W. Shrago, W.J. Dobrogosz, Conjugal transfer of group-B streptococcal plasmids
and comobilization of Escherichia coli-Streptococcus shuttle plasmids to Lactobacillus
plantarum, Appl. Environ. Microbiol. 54 (1988) 824-826.

P.J. Christie, R.Z. Korman, S.A. Zahler, J.C. Adsit, G.M. Dunny, Two conjugation
systems associated with Streptococcus faecalis plasmid pCF10: identification of a
conjugative transposon that transfers between S. facealis and Bacillus subtilis,

J. Bacteriol. Res. 169 (1987) 2529-2536.

H.K. Young, K.A. Skurray, S.K. Amyes, Plasmid-mediated trimethoprim- resistance
in Staphylococcus aureus. characterization of the first gram-positive plasmid
dihydrofolate reductase (type S1), Biochemistry 243 (1987) 309-312.

E. Charpentier, P. Courvalin, Emergence of the trimethoprim resistance gene dfrD in
Listeria monocytogenes BM4293, Antimicrob. Agents Chemother. 41 (1997)
1134-1136.

P. Courvalin, Transfer of antibiotic resistance genes between gram-

positive and gram-negative bacteria, Antimicrob. Agents Chemother. 38 (1994)
1447-1451.

H. Vally, G. Hall, A. Dyda, J. Raupach, K. Knope, B. Combs, P. Desmarchelier,
Epidemiology of Shiga toxin producing Escherichia coli in Australia, 2000-2010,
BMC Publ. Health 12 (2012) 63.

T.G. Villa, L. Feijoo-Siota, J.R. Rama, A. Sanchez-Pérez, M. Vinas, Horizontal gene
transfer between bacteriophages and bacteria: antibiotic resistances and toxin
production, in: T.G. Villa, M. Vinas (Eds.), Horizontal Gene Transfer, Springer
Nature Switzerland, 2019, pp. 97-142.

M.K. Kumar, C. Tyagi, A. Sahu, N. Desai, J. Manjhi, K.C. Mohan, Y.P. Reddy,

S.K. Tiwari, L.K. Tomar, V.K. Sharma, Identification and characterization of
Staphylococcus aureus 16S rRNA gene isolated from different food specimens from
south Indian region, J. Drug Deliv. Therapeut. 10 (2020) 24-32.

S.J. Oak, R. Jha, The effects of probiotics in lactose intolerance: a systematic review,
Crit. Rev. Food Sci. Nutr. 59 (2019) 1675-1683.


http://refhub.elsevier.com/S2405-8440(21)02639-6/sref25
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref25
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref25
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref25
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref26
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref26
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref26
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref26
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref27
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref27
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref27
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref27
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref27
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref28
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref28
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref29
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref29
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref29
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref30
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref30
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref30
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref30
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref31
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref31
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref31
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref31
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref32
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref32
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref32
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref32
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref33
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref33
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref33
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref33
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref33
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref34
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref34
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref34
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref34
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref34
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref35
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref35
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref35
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref35
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref36
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref36
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref36
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref36
https://agris.fao.org/agris-search/search.do?recordID&equals;GB2013202701
https://agris.fao.org/agris-search/search.do?recordID&equals;GB2013202701
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref38
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref38
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref38
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref39
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref39
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref40
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref40
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref40
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref41
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref41
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref41
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref41
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref41
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref42
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref42
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref42
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref42
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref43
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref43
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref43
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref43
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref44
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref44
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref44
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref44
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref44
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref45
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref45
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref45
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref46
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref46
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref46
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref47
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref47
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref47
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref47
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref48
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref48
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref48
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref48
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref49
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref49
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref49
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref50
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref50
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref50
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref51
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref51
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref51
http://refhub.elsevier.com/S2405-8440(21)02639-6/bib52a
http://refhub.elsevier.com/S2405-8440(21)02639-6/bib52a
http://refhub.elsevier.com/S2405-8440(21)02639-6/bib52a
http://refhub.elsevier.com/S2405-8440(21)02639-6/bib52a
http://refhub.elsevier.com/S2405-8440(21)02639-6/bib52a
http://refhub.elsevier.com/S2405-8440(21)02639-6/bib52b
http://refhub.elsevier.com/S2405-8440(21)02639-6/bib52b
http://refhub.elsevier.com/S2405-8440(21)02639-6/bib52b
http://refhub.elsevier.com/S2405-8440(21)02639-6/bib52b
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref52
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref52
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref52
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref53
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref53
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref53
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref54
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref54
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref54
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref54
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref55
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref55
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref55
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref56
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref56
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref56
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref56
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref57
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref57
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref57
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref57
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref57
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref58
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref58
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref58
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref58
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref59
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref59
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref59
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref59
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref60
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref60
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref60
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref60
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref61
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref61
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref61
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref62
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref62
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref62
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref62
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref62
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref62
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref62
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref62
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref63
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref63
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref63
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref63
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref63
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref64
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref64
http://refhub.elsevier.com/S2405-8440(21)02639-6/sref64

	Genomic, biochemical and microbial evaluation of probiotic potentials of bacterial isolates from fermented sorghum products
	1. Introduction
	2. Material and methods
	2.1. Preparation of samples
	2.2. Isolation of bacteria
	2.3. Bacteriological identification
	2.4. Morphology and staining reaction
	2.5. Biochemical characterization of isolates
	2.5.1. Carbohydrate fermentation
	2.5.2. Gas production from glucose
	2.5.3. Catalase test
	2.5.4. Temperature tolerance
	2.5.5. Acidic tolerance
	2.5.6. NaCl tolerance
	2.5.7. Ammonia production
	2.5.8. Bile tolerance
	2.5.9. Determination of organic antibacterial agents
	2.5.10. Hydrogen peroxide
	2.5.11. Lactic acid
	2.5.12. Diacetyl

	2.6. Antibiotic susceptibility profile
	2.7. Determination of antimicrobial activities
	2.8. Determination of probiotic potential of the isolates
	2.9. Genetic characterization of selected isolates
	2.9.1. Genomic DNA isolation and PCR amplification of 16S rRNA gene
	2.9.2. Sequencing and phylogenetic analysis of 16S rRNA
	2.9.3. β-galactosidase assay of the selected isolates

	2.10. Statistical analyses
	2.11. Submission of strains to public strain database

	3. Results
	3.1. Identification of LAB isolates from fermented sorghum products
	3.2. Microbiological and biochemical characterization of LAB isolates from fermented sorghum products
	3.3. Bile tolerance of LAB isolates from fermented sorghum products
	3.4. Production of antibacterial agents by lab isolates from fermented sorghum products
	3.4.1. Antibiotic susceptibility of LAB isolates from fermented sorghum products
	3.4.2. Antibacterial activities of LAB isolates from fermented sorghum products
	3.4.3. Probiotic potentials of LAB isolates from fermented sorghum products
	3.4.4. 16S rRNA sequence of OB6 isolate from fermented sorghum gruel ‘Ogi-baba’
	3.4.5. Molecular identification of OB6 isolate by BLAST search
	3.4.6. Phylogenetic identification of OB6 isolate from Ogi-baba
	3.4.7. 16S rRNA sequence of PB2 isolate from fermented sorghum beverage ‘Pito’
	3.4.8. Molecular identification of PB2 isolate by BLAST search

	3.5. Phylogenetic identification of PB2 isolate from Pito
	3.5.1. β-galactosidase assay of P. pentosaceus PB2 from Pito


	4. Discussions
	5. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	Acknowledgements
	References


