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A B S T R A C T

The probiotic potential of Pediococcus acidilactici isolated from Wara, a Nigerian unripened soft cheese from cow
milk was investigated in this study. The strain was evaluated for tolerance to low pH, bile salts, high osmotic
pressure, exopolysaccharide production, auto-aggregation, microbial adhesion to solvent, survival in simulated
gastro-intestinal juice and antimicrobial properties. The strain showed resistance to high acid and bile conditions
surviving at pH 2 and 1.5% bile salt concentration. The strain survived at 8% Sodium chloride and produced
exopolysaccharide. P. acidilactici possessed high auto-aggregative ability and hydrophobicity (>70%). Further-
more, the strain did not show hemolytic activity and survived in the presence of simulated gastric juice at pH 2
and simulated intestinal juice. The strain exhibited a broad spectrum inhibition against pathogens. The study
concluded that P. acidilactici strain isolated from wara could be a useful probiotic for the development of func-
tional food products.
1. Introduction

Probiotic is generally defined as a live microorganism that confers
beneficial effects on the health of a host when administered in adequate
amount (FAO/WHO, 2002). Commercially, strains of Lactic acid bacteria
(LAB) are mostly used as probiotics in functional foods (Ng et al., 2015).
Lactic acid bacteria are a group of Gram positive, non-sporulating cocci
or bacilli which produce lactic acid as major end product from fermen-
tation of carbohydrates (Halder et al., 2017).

In order for dietary probiotics to survive in the gut and elicit bene-
ficial effects on the host, their tolerance to acidic pH and the bile salts in
the stomach and intestines is very essential (Villena and Kitazawa, 2017).
The gastric juice contains hydrochloric acid thus making the pH of
human stomach range from around 2.5 and 3.5 (Thakur et al., 2016). It is
important therefore, that probiotics survive in the acidic gastric envi-
ronment if they are to reach the small intestine and colonize the host
(Villena and Kitazawa, 2017). Furthermore, probiotics are expected to
adhere well enough to the mucosal layer in the gastrointestinal tract
(GIT) for adequate competition with other pathogens for nutrient uptake
(Shyamala et al., 2016). Other significant criterion for selecting a pro-
biotic organism include the production of antimicrobial properties such
as organic acids, hydrogen peroxide and bacteriocins as this is important
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for inhibiting (pathogen exclusion) the pathogenic intestinal microbiota
(Mokoena, 2017).

Lactic acid bacteria isolated from various fermented foods have been
screened for their probiotic potentials and reported to be effective in
conferring various health benefits to both human and animals (Pieniz
et al., 2014).

Fermented dairy products with active bacterial cultures are one of the
most common sources of probiotics. They are a good source of protein, fat
and major minerals which serve as daily diet especially for children and
the aged and they are beneficial for gastrointestinal and digestive con-
ditions (Gasmalla et al., 2017). The probiotic potentials of different
strains Pediococcus acidilactici have been evaluated in recent studies
(Gupta and Sharma, 2017; Abbasiliasi et al., 2017; Akmal et al., 2019).
Wara is a Nigerian unripen soft cheese curd locally made by curdling
fresh cow milk with juice extract of Sodom apple (Calostropis procera).
The solid part (proteins and fats) is separated from the liquid part (water
and whey) after the curdling process and pressed together. It is usually
eaten alone, as a snack once fried (this is known as ‘Beske’ in Nigeria) or
as an addition to various cuisines. It is often sold and consumed within 24
h of manufacture due to its poor shelf life (Sahingoz and Sahin, 2009).
Wara is rich in fat, protein and a little amount of carbohydrate, minerals
(calcium, Vitamin B12, Phosphorus, Selenium, Zinc, Sodium) and
ber 2020
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vitamins (Riboflavin, Vitamin A, Vitamin K2) (Sawhney et al., 2007)
making it a suitable growth medium for microorganisms and a good
energy source. It has been reported to contain organisms which are able
to regulate the microbiota in the gut (Ayeni et al., 2014).

The aim of this study however was to screen the strain of P. acidilactici
previously isolated from wara for probiotic potentials for possible
application in Nigerian fermented foods.

2. Materials and methods

2.1. Bacteria strain and culture conditions

Lactic acid bacteria used in this study was previously isolated from
Wara. The strain was stored and maintained on de Man Rogosa and
Sharpe Agar (MRSA) slant (Peptone, Yeast extract, Meat extract, Glucose,
Dipotassium phosphate, Triammonium citrate, Sodium acetate trihy-
drate, Magnesium sulphate, Manganese sulphate, Tween 80, Agar) at low
temperature (4 �C). The strain was re-suspended in de Man Rogosa and
Sharpe Broth (MRSB) (Peptone, Yeast extract, Meat extract, Glucose,
Dipotassium phosphate, Triammonium citrate, Sodium acetate trihy-
drate, Magnesium sulphate, Manganese sulphate, Tween 80) and sub-
cultured on MRSA plates. The pure colonies were subjected to Gram
staining and catalase test as preliminary check to ensure it is lactic acid
bacteria before the probiotic screening.

2.2. Identification of the test strain

The strain was identified by 16S rRNA gene sequence analysis. The
nucleic acid was extracted using the methods described by Trindade et al.
(2007) with slight modifications. The DNA fragments were amplified
using universal primer 16SF: GTGCCAGCAGCCGCGCTAA and reverse
primer: 16SR: AGACCCGGGAACGTATTCAC (Barghouthi, 2011). The
PCR product was detected using gel electrophoresis at 80V in horizontal
gels containing 1.5% agarose stained with ethidium bromide and puri-
fied with the addition of 70% ethanol and centrifugation at 9000 rpm
before the sequencing. The purified products was sequenced using the
ABI 3130xL Genetic Analyzer (Applied Biosystems, California, USA). The
generated sequence was subjected to alignment using the Basic Local
Alignment and Search Tool (BLAST) program to compare with the se-
quences deposited in the GenBank database.

2.3. Tolerance of Pediococcus acidilactici to acidic pH

The ability of the test organism to tolerate highly acidic environments
was determined as previously described (Hassanzadazar et al., 2012)
with slight modifications. Briefly, sterile MRSB that had been adjusted
separately to pH 2, 3, 4 and 6 using 1M HCl was inoculated with stan-
dardized cell suspension (1% v/v) of P. acidilactici. The inoculated broth
was incubated aerobically at 37 �C for 6 h during which period bacterial
growth was monitored at 600 nm wavelength using a spectrophotometer
(Vis Spectrophotometer 721D Life Assistance Scientific and Medical
Institute, UK) at hourly intervals. The absorbance values obtained was
plotted against the incubation time. Culture medium adjusted to pH 6
served as control.

2.4. Bile tolerance of Pediococcus acidilactici

The bile tolerance of the test organism was determined using the
method of El-Naggar (2010) with slight modifications. Sterile MRSB was
supplemented with different concentrations (0.5%, 1.0% and 1.5%) of
bile salts (Oxoid LP0055 Basingstoke, England). The medium was sepa-
rately inoculated with standardized cell suspension (1% v/v) and incu-
bated aerobically at 37 �C for 6 h during which period bacterial growth
was monitored hourly at 600 nm wavelength using a spectrophotometer
(Vis Spectrophotometer 721D Life Assistance Scientific and Medical
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Institute, UK). The absorbance values obtained was plotted against the
incubation time. Culture medium with no bile served as control.

2.5. Tolerance of Pediococcus acidilactici to high osmotic pressure

The ability of the test organism to tolerate high osmotic pressure was
tested following the method of Collado and Sanz (2007). MRS broth was
supplemented with different concentrations of NaCl (2%, 4%, 6% and
8%). Five millilitres of the medium was separately inoculated with
standardized cell suspension (1% v/v) of the organism and incubated
aerobically at 37 �C for 48 h during which period culture turbidity was
monitored every 6 h at 600 nm wavelength using a spectrophotometer
(Vis Spectrophotometer 721D Life Assistance Scientific and Medical
Institute, UK). The absorbance values obtained was plotted against the
incubation time. Culture medium with no NaCl served as control.

2.6. Auto-aggregation ability of Pediococcus acidilactici

The auto-aggregation of the test organism was determined as previ-
ously described (Bao et al., 2010). The organism was inoculated into
Phosphate Buffered Saline (PBS) with the optical density 0.25 at 600 nm
wavelength using a spectrophotometer. The suspension was then incu-
bated at 37 �C for 20 h after which the absorbance was taken and
recorded. The percentage auto-aggregation (A%) was calculated using
the formula:

(Ao - At)/Ao x100

where,

Ao ¼ absorbance at time 0
At ¼ absorbance at 20 h

2.7. Adhesion of Pediococcus acidilactici to solvent

Bacterial adhesion to the hydrocarbon assay, which determines the
bacterial cell surface hydrophobicity was performed according to the
method of Canzi et al. (2005). The standardized cell suspension of the
test organism was inoculated (1% v/v) into Phosphate Buffered Saline
(PBS) and the same volume of n-hexadecane was added and incubated at
room temperature for an hour. The absorbance of the aqueous phase was
measured at 600 nm after 1 h and the adhesion percentage was calculated
according to the formula:

(Ao - A)/Ao x 100

where,

Ao ¼ absorbance before extraction
A ¼ absorbance after extraction with n-hexadecane

2.8. Exopolysaccharides production by Pediococcus acidilactici

Exactly 1.5 mL of the 24 h old culture of the test organism in MRS-
sucrose broth was centrifuged at 5000 rpm for 10 min and 1.0 mL of
the supernatant was dispensed into a glass test tube and an equal volume
of chilled ethanol (95%) was added. The formation of an opaque link at
the interface of the cell supernatant and ethanol confirms the presence of
EPS.

2.9. Hemolytic activity of Pediococcus acidilactici

Hemolytic activity of test organism was determined as described by
Foulqui�e-Moreno et al. (2003). Overnight (18–24 h) culture of the or-
ganism was streaked on Columbia blood agar base (Oxoid CM0331)
(Peptone, Starch, Sodium chloride, Agar) supplemented with 7% v/v
human blood and incubated at 37 �C for 48 h. After incubation, the plates
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were observed for zone of inhibition. The production of green-hued zones
around the colony was recorded as α-hemolysis while non production of
any effect on the blood agar plates was recorded as γ-hemolysis. Lyses of
blood around the colony of the test organism was classified as hemolytic
(β-hemolysis).
Figure 2. Tolerance of P. acidilactici to bile salts concentrations.
2.10. Antibacterial activity of Pediococcus acidilactici

The test organism was screened for antibacterial activity against in-
dicator organisms (Escherichia coli O157:H7, E. coli NCIB 86, Staphylo-
coccus aureus NCIB 8588 and Klebsiella pneumoniae KP617) using the
modified agar well diffusion method as previously described (Hagh-
shenas et al., 2016). Exactly 5 mL of overnight (18–24 h) culture of the
test organism in MRS broth medium incubated at 37 �C was centrifuged
(15000 rpm for 10mins) and then filtered through 0.2 μm filter to obtain
sterile cell free supernatant (CFS). The indicator organisms were sus-
pended in normal saline and standardized to 0.1 at 540 nm wavelength
using a spectrophotometer (Vis Spectrophotometer 721D Life Assistance
Scientific and Medical Institute, UK). Exactly 100 μL of the indicator
organisms were seeded separately in 15 mL Mueller Hinton agar plates
(Beef infusion solids, Starch, Casein hydrolysate, Agar), swirled gently
but properly, allowed to set and incubated for 4 h. Wells (7 mm) were
made on the set plates and 50 μL of the CFSwas aseptically dispensed into
the wells. Wells in which sterile MRSB was dispensed served as control.
The plates were then incubated at 37 �C for 24–48 h. Clear zones around
each well was measured and considered as positive antibacterial activity.
2.11. Survival of Pediococcus acidilactici in simulated gastrointestinal tract

The tolerance of the test organism to gastrointestinal tract condition
(simulated gastric and intestinal juices) was determined as previously
described (Bao et al., 2010) with slight modifications. Survival of or-
ganism in gastric conditions was investigated by inoculating simulated
gastric juice (0.35 % Pepsin, pH 2.0 and 3.0) with standardized cell
suspension (1% v/v) and the inoculated medium was incubated at 37 �C
for 3 h during which total viable count was determined hourly. The
medium was then transferred aseptically with a sterile micropipette into
simulated intestinal juice (0.1% Trypsin, pH 8) and was incubated at 37
�C for 12 h during which total viable count was determined every 3 h.
LAB strain inoculated in sterile PBS served as control.
2.12. Statistical analysis

Data are expressed as mean � standard error of mean (SEM) of three
independent replications. The results were analyzed using one-way
analysis of variance (one-way ANOVA) with GraphPad prism version
6.0. Statistical significance was set at p-value equal to or less than 0.05 (P
� 0.05).
Figure 1. Tolerance of P. acidilactici to acidic pH.
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3. Results

The strain was identified after the 16s rRNA gene sequencing as
Pediococcus acidilactici with a similarity value of 99.16% with strain
present in the GenBank sequence database of the National Center for
Biotechnology Information (NCBI).

P. acidilactici exhibited excellent tolerance to acidic conditions. The
strain compared favorably in the OD values obtained at pH 3 and pH 4
when compared to the values obtained at the control condition (pH 7)
after 6 h of incubation while at pH 2, there was a significant increase in
the OD values obtained at 6 h when compared to the OD value at 0 and
1hr (see Figure 1).

The result obtained for the tolerance of P. acidilactici to different
concentrations of bile salts indicated that it was able to tolerate very high
concentration of bile salts (1.5%) within the time of incubation
(Figure 2). There was no significant difference in the OD values obtained
at 0.5% and 1.0% bile salts when compared to the control (no bile salts)
while at 1.5% bile salts concentration, there was a significant increase in
the OD values at 6 h incubation period.

P. acidilactici survived favourably in MRS broth at high conditions of
osmotic pressure (4–6% NaCl). However, the strain suffered a marked
decrease (206%) in growth rate at 8% NaCl when compared with the
control after 48 h of incubation (Figure 3).

The P. acidilactici strain exhibited a high auto-aggregation ability with
a percentage of 70.3% and its adherence ability evaluated by MATH
method showed that it displayed high hydrophobicity percentage
(71.6%) after the extraction period.

The result obtained on exopolysaccharide production showed that
P. acidilactici is an excellent exopolysaccharide producer with the for-
mation of large opaque level after extraction with ethanol. Furthermore,
the organism did not exhibit any hemolytic activity (α and/or β) on
Columbia blood agar base after 48 h of incubation.

The cell free supernatant of P. acidilactici exhibited antimicrobial ef-
fects against E. coli O157:H7, E. coli NCIB 86, Staphylococcus aureus NCIB
8588 and Klebsiella pneumoniae KP617 with inhibition zones ranging
Figure 3. Tolerance of P. acidilactici to high osmotic pressure.



Table 1. Antimicrobial activity of cell free supernatant of P. acidilactici against
indicator microorganisms.

Indicator microorganism Diameter of zone of inhibition (mm)

E. coli O157:H7 7.6 � 0.3

E. coli NCIB 86 8.1 � 0.2

Staphylococcus aureus NCIB 8588 10.4 � 0.3

Klebsiella pneumoniae KP617 8.3 � 0.4

T.E. Olajugbagbe et al. Heliyon 6 (2020) e04889
from 7.6mm to 10.4mm (Table 1). The highest inhibitory activity was
observed against S. aureus NCIB 8588 while the lowest inhibitory activity
was observed against E. coli O157:H7.

The ability of the test organism to survive in the presence of simulated
gastric juice for 3 h at 37 �C is shown in Figure 4. At pH 2, the organism
was relatively stable after 1 h of incubation but the viable cell count value
decreased after 2 h though growth was observed after 3 h indicating its
ability to survive simulated gastric juice at pH 2. However at pH 3, there
was no significant difference (P � 0.05) in the growth rate of the or-
ganism ranging between 7.65 log CFU/mL and 4.34 log CFU/mL when
compared with the control after the incubation period.

The survivability of the test organism in intestinal juice (pH 8) when
transferred from simulated gastric juice at pH 2 showed that the viable
cell count of the organism reduced after 3 h but did not further decrease
during the other evaluation times (6–12 h). Meanwhile, the test organism
transferred from simulated gastric juice at pH 3 to intestinal juice (pH 8)
gave a stable viable cell count with no significant difference in the values
obtained compared to the control indicating the ability of the isolate to
survive simulated intestinal juice (Figure 5).

4. Discussion

Milk based products such as yoghurt and cheese have been found to
be an ideal carrier for delivering probiotics to the human gastrointestinal
tract as such products may improve gut microbiota and maintain overall
health (Haghshenas et al., 2016). The selection of a probiotic organism
depends on its ability to survive high acidic pH and bile salts in the
gastrointestinal tract. The ability of the organism to adhere to mucosal
wall is also important to elicit probiotic effect on the host and also,
production of certain antimicrobial substances which can eliminate
pathogenic organisms in the GIT. In the present study, the results ob-
tained indicated that P. acidilactici strain isolated from wara; a Nigerian
milk product possess acid and bile tolerance ability surviving exposure to
pH 2.0 and 1.5% bile salt concentration. Generally, death in acidic
environment occur when certain proteins and DNA are damaged due to
the inability of the acid regulatory mechanisms of the LAB to maintain
intracellular pH and the internal acidification had reduced the activity of
Hþ-ATPase, an enzyme responsible for the regulation of the internal and
external Hþ concentrations (Ng et al., 2015). According to the reports of
Liong and Shah (2005), the survival of LAB strains at pH 3.0 after
Figure 4. Tolerance of P. acidilactici to gastric juice.
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exposure for 2–3 h is acceptable as one of the requirements for the
bacteria to be considered as probiotics.

Stress adaptation mechanisms triggered by acidic environments can
result in bile salt resistance which can be unpredictable and higher than
the resistance to acidic conditions (Haghshenas et al., 2016). The ability
of organisms to tolerate bile salt concentration could be due to special
bilayer structures that enable organisms to tolerate adverse conditions
(Madhusudan et al., 2017) as well as the activity of bile salt hydrolase
which catalyzes the hydrolysis of glycine or taurine conjugated bile salts
into amino acid residue (Yin et al., 2011). However, bile tolerance is
strain-specific and cannot be generalized due to the variability in bile
tolerance abilities found within species and genus of LAB (Nagyzbekkyzy
et al., 2016).

According to Ibourahema et al. (2008), high salt concentration affects
the organism through the loss of tugor pressure as water moves from the
cell to the outside consequently damaging bacterial physiology and the
activities of certain enzymes and metabolism. It is believed that
osmo-tolerance is species specific and the difference in osmotic resistance
of different bacterial strains are due to the distinct composition of their
membrane phospholipids or the action of ATP-dependent glycine betaine
transporter QacT (Wasko et al., 2013). LAB strains with high tolerance to
osmotic pressure would be an excellent candidate for production of lactic
acid on a large scale (Adnan-Mohd and Tan, 2007).

The auto-aggregation percentage of the P. acidilactici strain indicated
that it possess an excellent auto-aggregative properties. Although there is
no standard percentage auto-aggregation a probiotic organism should
possess, it has recently been reported that probiotic isolates with less
than 40% auto-aggregation possess weak auto-aggregative properties
(Wang et al., 2010). The auto-aggregative property is beneficial for
probiotics as it facilitates the adhesion of the strain to intestinal walls
through its surface layer protein (Ng et al., 2015). Microbial adhesion to
hydrocarbons (MATH) has been employed to determine the cell surface
hydrophobicity of probiotics (Duary et al., 2011). It is believed that hy-
drophobicity in microorganisms is associated with the presence of
fibrillar structures on the cell surface and specific cell wall proteins. This
property is suggested to offer a competitive advantage, which is vital for
bacterial maintenance in the gastrointestinal tract of the host (Mar-
agkoudakis et al., 2006). Cell hydrophobicity is one of the physico-
chemical properties of LAB which play a crucial role in the interaction of
probiotic with the host tissue. Furthermore, hydrophobicity has been
reported to vary between species and are capable of changing with var-
iations in physiological state of cells or expression of variable
surface-associated proteins between strains (Anwar et al., 2014).

Exopolysaccharide (EPS) production is an important attribute which
enhances the ability of probiotic to elicit beneficial effect in their host.
EPS is secreted into the extracellular matrix via electrostatic interactions
forming a slime layer (Zeidan et al., 2017). Along with several health
benefits, EPS producing LAB are able to withstand technological stress
and survive harsh conditions of the gastrointestinal tract compared to
Figure 5. Survivability of P. acidilactici in intestinal juice (pH8) after exposure
to simulated gastric juice for 3 h.
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non-producing bacteria (Stack et al., 2010). The ability of LAB strains to
produce EPS to a large extent, depend on the presence of EPS genes which
encode the proteins required for EPS synthesis (Mendo et al., 2016).

Hemolytic microorganisms are organisms which have the ability to
lyse or breakdown human red blood cell (Ray et al., 2004) and organisms
with such ability are not safe as probiotics (FAO/WHO, 2002). The
absence of hemolytic activity by P. acidilactici strain used in this study
further support its selection as a probiotic candidate. Similar observa-
tions were reported in the study of Abbasiliasi et al. (2017) for
P. acidilactici strain isolated from a dairy product which showed no he-
molytic activity when investigated for its potential use in the food
industry.

The formation of beneficial compounds such as carbondioxide,
hydrogen peroxide organic acids and bacteriocins which serve as anti-
microbial substances is a very crucial mechanism probiotics use in elic-
iting beneficial effect on the host (Arimah and Ogunlowo, 2014). Thus, it
is crucial that an organism is able to inhibit the growth of pathogenic
organisms without producing any metabolites that could be harmful to
the host before it is considered as a probiotic. It has been reported
recently that harsh living conditions accompanied with reduced physical
activity, stress, inadequate nutrition and unhealthy lifestyle have
increased human susceptibility to infectious diseases whereas, the
incessant use of synthetic antimicrobial agent such as antibiotics has
increased the resistance of infectious agents (Karami et al., 2018),
creating serious health problems and future medicinal concerns thus
making natural antimicrobials such as probiotics very essential. The
ability of P. acidilactici to inhibit different pathogens in this study is
probably due to the production of lactic acid and other organic acids or
metabolites that are able to increase the acidic condition of the medium
thus causing damage to the membrane proteins making it unbearable for
pathogens to survive. Furthermore, the isolate may have produced
antimicrobial peptides such as bacteriocins which are able to act pri-
marily against closely related organisms (Zacharof and Lovitt, 2012).

Survival of probiotics when passing through the gastrointestinal tract
is an essential feature in order for probiotics to preserve and exert their
health promoting benefits (Sagheddu et al., 2018). The resistance of
P. acidilactici indicated its excellent ability to survive gastric transit and
deliver health benefits. The result obtained is similar to that of Guo et al.
(2009) who reported that certain LAB strains survived the simulated
gastric juice at pH 2.5. The viability of P. acidilactici in gastric juice at pH
3.0 indicated the efficiency of the organism's buffering mechanism in the
gastric juice. On the other hand, the susceptibility P. acidilactici in gastric
juice (pH 2) does not necessarily mean the strain is not applicable as
probiotics as it has been reported that the stomach gastric juice condition
at pH 2.0 is a rare phenomenon except in conditions of fasting. The pH of
the stomach is usually elevated to between 3.0 and 6.0 when food is
present (Sagheddu et al., 2018).

Finally, the viability of P. acidilactici strain in simulated intestinal
juice (trypsin) shows that trypsin (intestinal enzyme) or other alkaline
conditions may not significantly affect its ability to deliver probiotic
benefits in the host. In a similar investigation, Wang et al. (2009) re-
ported that about 95% of LAB species remained viable after exposure to
intestinal juice.

In conclusion, the results obtained in this study indicated that
P. acidilactici isolated fromwara posseses desirable probiotic properties in
vitro with the inhibition of pathogens and high adhesion abilities.
Although further investigation may be necessary to elucidate the pro-
biotic properties of the strain in a living host, P. acidilactici could be a
useful probiotic for the development of functional food products.
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