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Abstract

The objective of this work is to evaluate the probiotic ability of lactic acid bacteria isolated from fermented maize
(Zea mays) pulp in Coéte d'Ivoire. To this end, selection criteria, namely antimicrobial activity, resistance to
acidity and bile salts, self-aggregation, antibiogram and percentage of hydrophobicity, were carried out on
fourteen lactic acid bacteria isolates (LAB). Seven isolates (T1.8; T1.9; T2.3; T2.7; T2.10; T3.1; T3.5) were able to
inhibit the growth of Salmonella enterica O:8, Escherichia Coli and Staphylococcus aureus, with diameters
ranging from 1.1 + 0.14 to 31.75+2.3 mm. Two isolates (T1.9 and T2.7) showed growth at pH 2 (2.01% + 0.6 and
3.24% + 0.1). Isolates T3.4 and T3.5 showed growth (86.17+ 0.05%) at 0.3% bile salts. Of all the antibiotics
tested, Chloramphenicol was inactive on the isolates tested. However, isolates T3.5, T3.6, T1.4 and To.5 showed
sensitivity to Amoxicillin. As for surface hydrophobicity, a growth rate of 0.6% phenol was observed in isolate
T1.9 (71.87 + 0.06). The maximum rate of self-aggregation (77.35%) was observed in isolate T3.4. In sum,
isolates T3.1, T3.7 and T3.4, selected as potential probiotics via the PHEAPMAP software, and revealed by the
MalditoF test as belonging to the genera Lactobacillus (Lactobactillus fermentum), could be used to improve

maize-based foods.

* Cotresponding Author: Bonny aya carole DX bonnyayacarole@yahoo.fr
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Introduction

Maize (Zea mays) is the most widely cultivated crop
in the world and the most important cereal crop
produced ahead of wheat (Triticum aestivum L.
subsp. aestivum) (Boudouhi et al, 2005). The
dominant position of maize in Africa in general, and
in West Africa in particular, has been favoured by its
capacity to adapt to agro-ecological conditions and by
its strategic roles, both as a cash crop and as a major

consumer in many countries (Nago, 1997).

In Cote d'Ivoire, maize forms the basis of the diet of
rural populations. It is used for both human and
animal feed (poultry, pigs, cattle, etc.) and as a raw
material in certain industries (brewery, soap factory

and oil mill) (Boone et al., 2008).

However, its nutritional quality remains relatively low
in starch, fat, protein, crude fibre, ash and sugars.
Potassium, magnesium and phosphorus are the main
minerals in maize. Also, common maize varieties
cannot quantitatively meet the protein and fat
requirements of the populations that use them as a
staple food (FAO/WHO, 1973), as they are generally
low in lysine and tryptophan. Nevertheless, various
processing methods would improve its nutritional
value (Demont, 1997). Indeed, several maize-based
products are obtained by fermentation with lactic
bacteria. These bacteria, capable of bio-converting
maize into new molecules, give it new organoleptic
properties (Belarbi, 2011). In addition, they are
tolerated by living beings, which has led to the
recognition of their GRAS (Generally Recognized As
Safe) status (Klaenhammer, 2005). Some strains of
lactic acid bacteria are beneficial to humans and are

called probiotics.

Indeed, they are used for the treatment of diarrhoea
and other digestive disorders. Also, recent studies
show properties of stimulating a specific immune
response and some strains have the ability to reduce
food allergy reactions, especially to maize proteins
and fats (Cromwell et al., 1999). Therefore, probiotics
could be an alternative to improve the nutritional

quality of maize-based foods, which are widely
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consumed in Céte d'Ivoire. The main objective would
be to contribute to the formulation of maize-based
foods, supplemented with these bacteria, in order to
improve the nutritional quality of these foods and

guarantee the health of the Ivorian population.

Materials and methods

The study material consisted of 14 isolates of lactic
acid bacteria with antifungal potential on Aspergillus
niger, Aspergillus flavus, Fusarium sp, Penicillium
sp, characterised in the work of Yobouet (2020), and
isolated from fermented yellow corn dough (Table 1).
Also, three (03) strains of pathogenic bacteria,
responsible for several infections in human food,
namely Escherichia coli, Salmonella enterica O:8 and
Staphylococcus aureus, targeted for bacterial
antagonism tests, are of various origins (avian and
human). The lactic acid bacteria isolates come from
the strain library of the Unité Pédagogique et de
Recherche de Biotechnologie (UPRB) of the
Université Félixk HOUPHOUET-BOIGNY. The E. coli
and S. enterica O:8 strains are from the collection of
the Microbiology Unit of the Central Veterinary
Laboratory of Bingerville (LCVB). The S. aureus
strain was obtained from the Bio-bank of the Pasteur
Institute of Cote d'Ivoire (IPCI). The reference strains
ATCC 14028 and IPCI 8297 served as positive

controls for the antibiogram.

Characterisation of the probiotic properties of lactic
acid bacteria isolates isolated from fermented maize
pulp

The characterisation of the probiotic potential of the
isolates was done by applying the following selection
criteria: antimicrobial activity, resistance to acidity,
resistance to acid bile salts, self-aggregation, co-
aggregation, and measurement of percentage (%)
hydrophobicity and antibiogram (Cromwell et al,
1999).

Antimicrobial activity

Antibacterial activity was carried out according to the
method of Kim et al. (2007) with some modifications.
A 24-hour culture of both pathogens and lactic acid

bacteria strains on MRS agar (Condalab, Spain) was
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performed. Then, a dense suspension estimated at
108 CFU/mL of each pathogen to be tested (E. coli,
Salmonella enterica 0:8 and Staphylococcus aureus)
was made as follows: from a pure 24h culture of each
of the pathogenic strains, well-isolated colonies were
taken and splashed in 2 mL of sterile distilled water.
The resulting bacterial suspension was homogenised
and diluted 1:100 so that its opacity was equivalent to
the McFarland control (108 CFU/mL).

The suspension obtained is diluted again to 1/10 in
MRS agar (Condalab,
supercooling (55°C). MRS agar (Condalab, Spain)

Spain) maintained in

inoculated with each. After homogenisation, the
dishes. After

solidification of the agar at room temperature for 15

pathogen is poured into Petri
min, pure colonies of lactic acid bacteria isolates
obtained after 24 h of incubation on another MRS
agar (Condalab, Spain) were picked and then plated
with sterile Pasteur pipettes, in spots, in order to
promote direct contact with the target pathogens.
Finally, the Petri dishes were incubated at 30°C for
24 h. The antimicrobial activity of the lactic acid
bacterial isolates, marked by the appearance of zones
of inhibition, was estimated by measuring two

perpendicular diameters around the spots.

Antimicrobial susceptibility testing

An antibiogram was performed with the lactic acid
bacteria isolates in order to test their sensitivity to
certain antibiotic molecules. The susceptibility test
was performed according to the recommendations of
the Comité d'Antibiogramme de la Société Francaise
de Microbiologie (CASFM, 2019), on MRS agar
(CondaLab, Spain). The following antibiotic discs
were tested: Amoxicillin (AMX, 1oug), nalidixic acid

10ug),
cotrimoxazole (SXT, 25ug) and cefoxitin (30 pg).

(Nal, 10 pg), Chloramphenicol (C,
Salmonella reference strains ATCC 14028 and IPCI
8297, were used to validate the antibiogram test.
Inhibition diameter values are interpreted and
categorised as susceptible (S), intermediate (I) or
resistant (R). Lactic acid bacterial isolates, which
would show intermediate resistance traits, were

categorised as resistant for further study.
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Resistance to acidity
Resistance to gastric conditions was performed
according to the modified method described by Kim
et al.(2007). The MRS broth is prepared at different
acidic pH ranging from 1 to 5. Also, suspensions of
each lactic acid bacterial isolate were made from 24h
cultures on MRS agar (CondaLab). The optical
density of each LAB suspension was read with a
spectrophotometer (BK-UV1000) at 600 nm and set
at an OD of 0.1; this allowed the determination of the
volume to be taken for each suspension, for the
inoculation of the lactic bacteria, in the different
broths prepared beforehand. The corresponding
volume for each suspension of lactic acid bacteria
isolates was added to test tubes containing 4 mL of
MRS broth (CondaLab), at different pH levels (pH=1,
pH=2, pH=3, pH=4, pH=5). The optical density (OD)
is read immediately after plating (OD at To: OD.I)
and the tubes are incubated at 37°C for 24 hours.
After this incubation time, the OD is read (OD. F).
The resistance of the lactic acid bacteria isolates is
assessed by calculating their percentage growth in the
broths at different pH levels. Growth at pH=6 (pH of
SRM agar) was taken as the maximum growth
reference (100% growth). The percentage growth was
calculated according to the following expression:
OD.F-0D.I
—opme

Growth rate of LAB (%) = x 100

OD. F : Optical density after 24h incubation;
OD. I : Optical density before incubation;
OD pHS6 : Optical reference density

Hydrophobicity of the cell surface: Adhesion to

epithelial cells is assessed by cell surface
hydrophobicity according to the method described by
Zuo et al. (2015). Isolates of 18 h young lactic acid
bacteria, obtained on MRS agar (CondaLab, Spain),
are washed twice with phosphate buffer (PBS) at pH
7.4 and suspended in physiological saline (0.5M). The
optical density of the physiological solution is
adjusted to 0.5 and 0.7 at a wavelength of 600 nm.
Subsequently, 1 mL of phenol (100 %) is added to test
tubes containing 3 ml of the previous physiological

solution. The tubes were shaken for 9o s and left to
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stand for 15 min to separate the two phases. The
optical density of the aqueous phase is then measured
at 600 nm. The hydrophobicity is calculated as the
percentage decrease in absorbance of the lactic acid
bacteria suspension, according to the following

formula:

Percentage hydrophobicity = [(absorbance before
homogenisation - absorbance after
before

homogenisation) / absorbance

homogenisation] x 100

Bile salt tolerance

Gut conditions are simulated by tolerance to bile salts
at different concentrations (P /V) : 0.1 %, 0.2 %, 0.3
% and 0.4 %. For this purpose, MRS broth is prepared
with the addition of bromocresol purple and then
adjusted to the different concentrations of bile salts
(0.1 %, 0.2 %, 0.3 % and 0.4 %). These different
broths are used to inoculate the lactic acid bacteria
isolates. The optical density is read immediately after
inoculation (OD. I) of the lactic isolates, and the tubes
are then incubated at 37°C for 24 hours. After
incubation, the optical density is read (OD. F) at 600
nm. Growth at pH=6 is taken as the maximum growth
reference (100 % growth). The percentage growth as a
function of bile salt concentrations is calculated
according to the expression described in the acid

resistance protocol (Behira, 2012).

Auto-aggregation test

The self-aggregation test is performed according to
the method described by Zuo et al. (2015). To do so,
cells from a 24h culture of lactic acid bacteria isolates
are recovered by centrifugation at 6000 g for 10 min.
Subsequently, the bacterial pellet is washed twice
with PBS buffer (pH 7.4) and resuspended again in
PBS buffer. Finally, the bacterial loads are adjusted to
an optical density of 0.5 at 600 nm by dilution with
MRS broth (CondaLab, Spain). Incubation is done for
2 h at 37°C. A volume of 0.1 ml of the upper part of
the suspension (PBS) is transferred to another tube
containing 1.9 mL of PBS and the optical density is
read at 600 nm. The percentage of self-aggregation is

calculated according to the following formula:
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% Self-aggregation = (1-(A2h -A / A oh)) x 100

A oh: initial optical density; A2h: optical density after
2h; A: reference growth of lactic acid bacteria (growth
in MRS at Ph6).

Selection of probiotics by the pheatmap software
method

A pheatmap was used to group the different isolates
according to the different characteristics assessed
during the study, in order to show the significant
difference between the probiotic properties of the
isolates, using a colour key with a red and blue
gradient. A comparison of the bands along the axis of
the dendrogram allowed the identification of the
lactic acid bacteria isolates with probiotic potential.
The pheatmap processing was carried out with the R

software version 3.1.3.

Identification of lactic acid bacteria isolates with

probiotic  potential by  MALDITOF  mass
spectrometry

Subcultures on MRS agar (CondaLab, Spain) of lactic
acid bacteria colonies with probiotic potential are
used for MALDI-TOF MS analysis. Most colonies
were grown the day before. Approximately 50 pg of
fresh cells are taken from a single colony, without
agar residue through the use of inoculation loops and
transferred to stainless steel wells. Immediately, the
bacterial material is extracted with 0.3 mL of matrix
solution (10 mg of 2,5-dihydroxybenzoic acid in 1 mL
of water: acetonitrile [1:1], acidified with 1%
trifluoroacetic acid). Positive ion mass spectra were
recorded for each strain using a MALDI-TOF mass
(AXIMA  CFRplus,

Germany). For desorption of the components, a

spectrometer Schimadzu,
nitrogen laser beam (A = 337 nm) is focused on the
model. The accelerating voltage is set to 20 kV and
the delay time to 950 ns. All measurements are
performed in delayed extraction mode, allowing the
determination of high resolved mass values (m/z;
mass-to-charge ratio). Analyses are performed in the
positive ion mode site, yielding mainly molecular ions
(IM + H] +). All spectra are processed by the

instrument software with baseline correction, peak
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filtering and smoothing. The resulting site peak lists bacteria isolates and the targeted pathogenic strains,
are exported to SARAMIS software (AnagnosTec). namely Salmonella enterica O:8, Escherichia coli and
The peak lists of individual samples are compared to Staphylococcus aureus, shows that the 14 lactic acid
the superspectra database, generating a ranked list of bacteria isolates tested have an antagonistic effect on
matching spectra. the growth of these pathogens (Fig. 1). The largest

inhibition diameter was observed with isolate T1.6 on
Statistical analysis Salmonella enterica serogroup O:8 (31.75 + 2.3 mm),

Analysis of variance (ANOVA) followed by Tukey's while the smallest diameter was observed with isolate

test with R software version 3.1 is used to compare T2.7 on Staphylococcus aureus (1.1 £ 0.14 mm). All
the means of the optical densities. Differences are the lactic acid bacteria isolates were active on two
considered significant for values of P < 0.05. pathogens (E. coli and Salmonella enterica O:8). As

for the Staphylococcus aureus strain, only seven

Results lactic acid bacteria isolates (T3.7, T3.1, T2.7, T3.5,
Antibacterial activities of lactic acid bacteria isolates T2.3, T2.10, T1.8 and T1.9) showed antagonistic
The study of the interaction between the lactic acid activity (Table 2).

Table 1. Characteristics of lactic acid bacteria isolates.

LAB isolates Characteristics of the isolates Fungus germs
To.5- T1.2- T1.4- T1.9- T2.3-T2.7- T2.10- Cocci, Gram+, homofermentative Aspergillus niger,
T1.6- T1.8- Bacilles Gram+ homofermentative Aspergillus flavus,
T3.1- T3.4- T3.5- T3.7 Bacilles Gram+ heterofermentative Pénicillium sp, Fusarium sp

LAB: Lactic acid bacteria.

Resistance profile of lactic acid bacteria isolates Apart from isolates T3.5, T3.6, T1.4 and To.5,
The results of this test showed that all isolates tested resistance was observed to Amoxicillin,
were susceptible to Chloramphenicol (C) (Table 3). Cotrimoxazole, Cefoxitin and Nalidixic acid.

Table 2. Diameters of the inhibition zones (in mm) of lactic acid bacteria isolates (LAB) on the target pathogens.

To.5 T3.7 T3.1 T3.6 T2.7 T3.4 T3.5 T1.2 T1.4 T2.3 T2.10 T1.6 T1.8 T1.9
E.coli 8.5xo0.71° o 24+ 10.5% 310 £ o 225+ 13.5+ 30.5%+ 13.5+ 30z o 22.5+0.71° 26.5%
0.71b¢ 0.70% 1.412 0.71¢ 0.714 2,122 0.714 0.712 0.71P
Staph o 14.0+ 1.412 13.0 = o 11+ o 13.0+ o o 15.5+  16.5% o 14.5+0.71* 15.0%1.
1.412 0.14° 1.412 2,122 0.712 412
Sal 30.01 £0.012 21.50% 22.00 £11.312 28.75 18.50 £ 29.55 21.5 31.0 31.0 29.5 21.0 3175 18.5+ 6.36% 22.00%
12.022 +1.772 12.022  +0.64* £10.612  +1.41* +1.41* £0.712 +5.662 +2.472 11.312

Staph: Staphylococcus aureus; E. coli: Escherichia coli; Sal: Salmonella enterica serogroup O:8
There is a significant difference between the isolates in relation to the same pathogen and also a significant
difference between the isolates in relation to different pathogens. This difference is seen in the different letters

that accompany the numbers.

Growth of isolates at acidic pH 99.72%. At pH 1 and 2, growth is almost zero for some
The growth of bacteria as a function of pH was carried strains and very low for others. From pH 3 onwards,
out on all lactic acid bacterial isolates and made it isolates T3.1, T3.5 and T1.8 show more than 50%
possible to determine the number of lactic acid resistance. At pH 4, isolate T2.10 has a percentage
bacterial isolates resistant to different pH values (1, 2, resistance of 58.43. Isolate T2.3 shows a percentage

3, 4, 5 and 6) after 24 hours of culture. At pH values resistance of 38.31 and 73.38 at pH 3 and pH 4,

between (1 and 6), the growth rate varied from o to respectively, after 24 hours of incubation. The pH6 is
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considered as a controlled pH to evaluate the growth
percentage of the other pH values. In sum, the lactic
acid bacteria isolates with better resistance to acidic
pH are T2.3, T3.1, T3.5, T1.8, T2.7 and T2.10 (Table
4).

Surface hydrophobicity

All the isolates tested show a growth percentage
higher than 50 %, at concentrations ranging from o
to 0.2 % phenol (Table 5). At 0.3 % phenol, four
lactic acid bacteria isolates (T3.5, T1.4, T1.8 and
T2.10) show less than 50 % resistance, with growth
rates of 45.76 + 0.12, 37.78 + 0.06, 33.18 + 0.11,

2022

46.48 + 0.13 and 46.48 + 0.13 respectively. At the
0.4 concentration, isolates T3.4, T1.9, T3.1, T2.7,
T3.7, T3.6 and To.5 showed a percentage growth of
more than 50 %, with respective rates of 91.14 + 0.11,
77.09 £ 0.06, 72.19 + 0.11, 50.19 + 0.10, 60.57 + 0.14
and 52.89 + 0.06. However, at the 0.5 % phenol
concentration, only isolates T3.1, T1.9 and T3.4 had

growth percentages above 50 %.

However, isolate T3.6 shows a growth percentage of
50 at 0.6 % phenol concentration. Growth at 0 %
phenol concentration is the reference for the other

concentrations.

Table 3. Inhibition diameters (mm) of lactic acid bacteria isolates (LAB) tested in the presence of antibiotics.

ATB Lactic acid bacteria isolates
T1.8 T2.3 T1.9 T2.10 Ts.5 Ta.7 T3.1 T3.6 T3.4 T1.2 T1.4 To.5 T1.6 T3.7
C  29.5+0.0 29.5£0.0 29.5+0.2 29.5+0 30.25+0.0 30+0.07? 30+0.01? 28.5+0.12 27.5+0.1 29.5+0.07% 28,5+0,07? 30.5+0.02% 27.5+0.21%> 23.5+0.1P

7a 1a 1a 7a

AMX 14.5+0.0 14.5+0.2 14.5+0.3 14.5+0. 20.2+0.03 14.5+0.02¢ 13.5+0.07¢ 15.5+0.7°¢ 13.5+0.7¢ 13.5+0.07¢ 18.2+0.01% 16.5+0.07° 11.5+0.3¢  13.5+£0.07¢
1 5° 7° N

SXT o [ [ [¢] [¢] o] [¢] o o) o) o) [o)

FOX 0 o 0 12.5+0.7¢ (o] (o] 11.5+0.7¢ o [ o o 0

NAL o [ 0 [¢] o] o] [¢] o o) o) o) [o)

ATB: Antibiotics; C: Chloramphenicole; AMX: Amoxicillin; SXT: Cotrimoxazole; FOX: Cefoxitine; NAL: Nalidixic

acidHorizontally, mean values bearing the same letter are not statistically different at the 5% level.

Resistance of isolates to different concentrations of
bile salts

The lactic acid bacteria isolates showed good growth
ability in the presence of different concentrations of
bile salts (0 to 0.4 %) (Fig. 2). At salt concentrations
of 0.1% and 0.2 %, all isolates had higher growth
percentages (above 50%), except isolate T2.10 which
had a growth percentage of 46.43 £ 0.06 % at 0.1%
concentration and 39.86 + 0.07%, at 0.2 % salt
concentration. At the 0.3 % concentration, isolates
T3.5 and T3.1 had growth percentages of 86.17 + 0.05
and 62.19 + 0.13, respectively. At the 04 %

concentration, no isolate reached 50 % growth.

Auto-aggregation test
The different

capacity with values ranging from 34.07+0.08 % to

isolates showed self-aggregation
77.280.09 %, after 2 hours of incubation (Table 6).

Most isolates showed more than 50 % self-

aggregation after 2 hours of incubation, with a
significant difference observed between the different
isolates. The T3.1 lactic acid bacterium isolate showed
the highest rate of auto-aggregation (77.28+0.09 %),
while the lowest rate (34.07+0.08 %) was observed in
the T3.1 lactic acid bacterium isolate after 2 hours of

incubation.

Selection of isolates with probiotic potential using
the pheatmap software

The creation of a heatmap made it possible to group
the different isolates of lactic acid bacteria on the
basis of the different characteristics evaluated. This
study on the probiotic properties of lactic acid
bacteria isolated from fermented maize pulp shows
that the LAB isolates (T3.1, T3.7 and T3.4) have
These

identified by comparing the bands along the axis of

probiotic strain capacities. strains are

the dendrogram (Fig. 3).
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Table 4. Growth rate (%) of lactic acid bacteria isolates (LAB) as a function of pH.
LAB isolates Growth rate (%) of lactic acid bacteria
pH1 pH2 pH3 pH4 pH5 pH6

T3.4 o o 75.25 £ 0.09¢ 81.13 + 0.54 88.32 + 0.242 100.000
T3.5 0.09 + 0.044 0.22 +0.014 74.98 £ 0.22¢ 79.19 + 0.35P 01.01 + 0.322 100.000
T1.2 0.11 £ 0.002¢ 0.21 £ 0.05¢ 44.96 + 0.08P 61.95 + 0.242 71.11 £0.001°¢ 100.000
T1.4 o 1.34 + 0.10¢ 13.25 £ 0.15P 82.01 + 0.342 82.01 + 0.342 100.000
T1.6 o 1.04 + 0.564 3.25 + 0.003¢ 45.22 £0.001P 85.84 £ 0.392 100.000
T1.8 o 1.32 + 0.014 59.12 + 0.17> 62.33 £ 0.022 56.85 £ 0.51¢ 100.000
T1.9 0.52 £ 0.03¢ 2.01 + 0.60¢ 24.04 + 0.43P 38.31 £ 0.0012 88.31 + 0.0022 100.000
T2.3 o 0.34 + 0.0024 74.19 £ 0.36P 38.31 £ 0.001¢ 87.03 £ 0.012 100.000
T2.10 0.02 + 0.0014 0.35 = 0.104 21.34 + 0.001¢ 44.99 +4.562 58.44 + 0.1 100.000
T3.1 0.32 £ 0.014 0.34 £ 0.094 22.34 £ 0.001¢ 74.99 £ 4.51P 97.11 £ 0.162 100.000
T2.7 3.10 + 0.034 3.24 + 0.10¢ 13.06 + 0.21¢ 37.01 + 0.19P 99.58 £ 0.202 100.000
T3.7 o o 25.81 + 0.29¢ 72.04 + 0.56P 82.35 + 0.04 100.000
T3.6 o o 4.96 + 0.035¢ 47.50 £ 0.002P 73.50 + 0.082 100.000
To.5 1.02 + 0.54¢ 1.28 £ 0.04°¢ 1.32 £ 0.001b¢ 2.10 £ 0.16P 96.32 + 0.002 100.000

Identification of lactic acid bacteria isolates with

probiotic  potential by  MALDITOF  mass
spectrometry

The identification of the three isolates of lactic acid
bacteria with probiotic potential reveals that the LAB
isolates T3.1, T3.4 and T3.7 belong to the genus

Lactobacillus (Lactobacillus fermentum).

Discussion

Characterisation of the probiotic properties of lactic
acid bacteria isolates isolated from fermented maize
pulp

The characterisation of probiotic potentialities
allowed the identification of strains with interesting
antibacterial activities. These lactic acid bacterial
isolates have different antimicrobial activities against
the tested indicator strains. Some LAB isolates
showed significant activity against the target
pathogens, with inhibition diameters ranging from
8.5 + 0.07 to 31.5+2.3 mm. Out of a total of 14
isolates tested, 7 showed an effect simultaneously on
E. coli, S. enterica serogroup O:8 and S. aureus. The
antibacterial activities obtained with Salmonella,
Staphylococcus aureus and E. coli appear to be an
important factor in the use of probiotics for human
consumption (Gusils et al., 2003). These results
corroborate those of Hyung et al. (2006), who
showed that among the strains isolated from Jeotgal
(Korean fermented food), Leuconostoc mesenteroides
strains showed inhibitions against S. aureus with a

diameter of 22 mm. This is because lactic acid

bacteria metabolise lactose into lactic acid, thereby
lowering the pH and creating an unfavourable
environment for the development of pathogenic
bacteria and spoilage microorganisms (Ehrmann et
al., 2002). This antagonistic effect of LAB against
pathogens could be explained by the fact that LAB
produces antimicrobial substances of a protein nature
called bacteriocins, such as nisin produced by
lactococci directed against Bacillus and Clostridium.
Plantaricin and sakacin, both produced by lactobacilli
active against E. coli, Listeria and some yeasts
(Ogunbanwo et al., 2003), contribute to the
preservation of the microbial and organoleptic
balance of cheese (Georgalaki et al., 2002). This
characteristic is used in industry for the destruction of
bacteria in food

undesirable and pathogens

manufacturing. Another important characteristic

when selecting probiotics is antibiotic resistance.

In the treatment of gastro-intestinal disorders, the
constant use of antibiotics confers a certain resistance
of pathogens to antibiotics and therefore, a probiotic
bacterium must be resistant to these antibiotics.
Lactic acid bacteria are inherently resistant to the
quinolone family by an unknown mechanism (Bruns
and Abbas, 2005). According to Zhou et al. (2005),
several strains of lactic acid bacteria are resistant to
(fusidic acid) and

aminoglycosidoses kanamycin,

antibiotics acid, nalixidic
(gentamicin,
streptomycin). These bacteria have a very high

natural resistance to several antibiotics, but this
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resistance in many cases is not transmissible (Ashraf
and Shah, 2011). It should be noted that the majority

of lactic acid bacteria isolates tested in this study are

2022

aureus, Escherichia coli and Salmonella, which are
reportedly resistant to many antibiotics. Thus, the

addition of probiotics would reduce the use of

resistant to the majority of antibiotics tested (80-100 antibiotics in the curative setting, given the

%). This is an important feature as the most common antagonistic effect of these bacteria against

bacterial diseases are caused by Staphylococcus pathogenic germs.

Table 5. Percentage (%) of hydrophobicity of lactic acid bacteria isolates.

LAB isolates Phenol concentrations
0 0,1% 0,2% 0,3 % 0,4 % 0,5 % 0,6 %

T3.4 100 97.18 £ 0.052 06.50 £ 0.12>  04.08 £ 0.09° 091.14 £ 0.119  76.12 £ 0.06¢ 43.77 £ 0.07F
T3.5 100 86.34 + 0.092 55.54 + 0.21P 45.76 + 0.12¢  38.62 + 0.084 31.70 £ 0.08¢ 24.21 + 0.09f
T1.2 100 80.17 £ 0.112 77.22 +£0.11P 50.31+ 0.11¢ 42.80 + 0.081 42.19 £ 0.13¢  40.78 + 0.15f
T1.4 100 56.16 + 0.082 54.28 £ 0.09>  37.78 £ 0.06¢ 35.18 + 0.084 28.22 + 0.13¢ 26.84 + 0.13f
T1.6 100 83.31 £ 0.092 76.87 £ 0.04>  59.46 £ 0.08¢ 48.26 + 0.07¢ 47.61+ 0.11°  42.68 + 0.14f
T1.8 100 95.31 + 0.92 70.25 + 0.06P 43.18 £ 0.11¢  33.18 + 0.11¢ 31.17+0.11¢  18.32 +£14.30¢
T1.9 100 91.19 + 0.092 86.46 £ 0.13>  80.46 £ 0.13> 77.09 + 0.06¢ 75.20 £ 0.05¢ 71.87 + 0.06f
T2.3 100 69.86 + 0.132 68.12 + 0.04P 50.70 £ 0.13¢ 40.60 £ 0.08¢ 30.23 £ 0.04¢ 27.11 + 0.07f
T2.10 100 67.50 + 0.13P 59.21 + 0.13? 46.48 £ 0.13¢  43.87 £ 0.06¢ 41.29 + 0.11¢  33.38 £ 0.06f
T3.1 100 94.08 £ 0.112 90.90 + 0,06  87.74 £ 0.09¢ 72.19 + 0.11¢  62.16 + 0.08¢  33.12 + 0.11f
T2.7 100 92.26 + 0.152 78.20 £ 0.04P 65.60 £ 0.11¢  52.36 + 0.12¢ 48.89 + 0.03¢ 39 + 0.13f
T3.7 100 85.65 + 0.082 73.50 £ 0.08»  61.90 + 0.08¢ 50.19 + 0.10¢  49.11 + 0.15¢  38.57 + 0.14f
T3.6 100 94.71 £ 0.082 00.44 + 0.09>  84.48 + 0.09¢ 60.57 £ 0.14¢ 52.18 £ 0.12¢ 50.00 + 0.00f
To.5 100 85.21 + 0.132 78.93 £ 0.08>  62.91+ 0.06¢ 51.89 + 0.06d 42.21+ 0.12¢ 26.99 + 0.01f

The pH is one of the parameters that influence the
growth of probiotics in the gastro-intestinal tract.
Thus, the isolates were tested at different acidic pH
and the growth rate of the strains observed in an
acidic environment was higher than 50 % after 24
hours. All the isolates tested were resistant to acidity

after 24 hours of incubation.

Table 6. Percentage (%) of auto-aggregation of lactic

acid bacteria isolates.

LAB isolates Auto-aggregation % after 2 hours
T3.1 77.28 £ 0.09 2
T3.5 62.89 + 0.11f
T1.2 65.55 + 0,084
T1.4 60.78 + 0.158
T1.6 71.27 + 0.05P
T1.8 54.55 £ 0.10J
T1.9 53.67 + 0,15*
T2.3 69.41 £ 0.17°¢
T2.10 59.21 + 0.151
T3.4 54.25 £ 0.09J
T2.7 58.09 + 0.061
T3.7 34.07 + 0.08!
T3.6 63.46 £ 0.11¢
To.5 61.08 £ 0.78¢

This growth in an acid environment could allow them
to pass the gastro-intestinal barrier. These results are
similar to those of Bruno (2012), who showed that all
the strains of lactic acid bacteria tested in his work
were able to resist pH 3, after 3h of incubation and
some isolates showed growth after 1h of incubation at
pH 2. The ability of LAB to grow in an acidic
environment could be explained by the fact that they
are widespread in nature, and are found in different
ecological niches such as milk and milk products,
corn, meat, fish, human and animal mucosa and in
the digestive tract of humans and animals (Bielecka et
al., 1993), and constitute the majority flora of many
fermented products. The tolerance of lactic acid
bacteria to different concentrations of bile salts is a
criterion for the in vitro selection of probiotics. It is
generally considered necessary to assess their ability
to resist the effects of bile salts that condition their
ability to survive the conditions of the Gastro-
Intestinal Tract (GIT), and to colonise the intestinal
environment (Boudouhi et al.,, 2005). Indeed, the
optimal concentration of bile in the human intestinal
environment varies from 0.3% to 0.6% (Psomas et al.,

2001).
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Lactic acid bacteria isolate
Pathogen culture

Inhibition zone

Fig. 1. Interaction of lactic acid bacteria isolates with target pathogens. A: Escherichia coli; B: Salmonella

enterica 0:8; C: Staphylococcus aureus.

All lactic acid bacteria isolates tested in this study
showed growth at 0.1 %, 0.2 % and 0.3 % bile salts for
24 hours. However, no strain showed a growth rate of
more than 50 % at the 0.4 % salt concentration. These
results are similar to those of Klaenhammer (2000),
who showed that the resistance of bacteria to bile
salts comes from transporter proteins belonging to
the ABC (ATP-Binding-Cassette) family. According to
Moser and Savage (2001), two hypotheses could
explain the resistance of lactic bacteria to bile salts.
One hypothesis claims that there are bacterial species
that can de-conjugate bile salts, in order to exploit
taurine (an amino acid in the composition of bile
salts) as an electron acceptor. The second hypothesis
assumes that Bile Salt Hydrolase (BSH) enzymes
protect the bacteria from bile salt toxicity. These types
of transporters contribute to the mechanism of
cellular defense through resistance to antibiotics, bile
salts and peptides. The concentration of bile salts in
humans is on average 0.3 % during digestion (Bakari
et al., 2011). Therefore, the tested lactic acid bacteria
isolates that showed growth in the presence of bile
salts up to 0.4 % can survive the different

concentrations of salts produced in the digestive tract

for pathogen inhibition. In an approach to assess a
relationship between lactic acid bacteria and surface
cells in the TGI, hydrophobicity and self-aggregation
tests were performed. The criterion of adhesion to
intestinal mucus is frequently studied when selecting

probiotic strains (Van Tassell and Miller, 2011).

The results obtained showed that 9o % of the isolates
had a high percentage of hydrophobicity. The results
of the auto-aggregation test showed that all the lactic
acid bacteria isolates tested had a self-aggregation

capacity of more than 50 %.

This result is in agreement with those of Erhmann et
al. (2002) who found that out of 112 isolates of
lactobacilli isolated from duck crop, 31 isolates have a
high self-aggregation capacity. These results are also
similar to those of Boukhalfi (2020), who showed that
the presence of a protein monolayer in most
lactobacillus  species confers probiotic traits
(aggregation, adhesion to eukaryotic cells). Strains
with a high self-aggregation capacity also have a high
hydrophobicity and, thus, a high adhesion to
(Taheri et al, 2009).

intestinal  mucus

40 | Delphine et al.



| Int.J.Biosci. [

100
%0
80
=
T 0 f" "| r" CONCENTRATION
'g 50 | " m0
(o 40 m0,1M
30 m02M
20 0,3 M
10 m0,4 M
0 —
Sl A {;’D P R S
% R R R R o o % I R
NN SN SN SRS AN SN SN SO SR SN S, SN S 5
Fig. 2. Growth rate of lactic acid bacteria isolates as a function of bile salt concentrations.
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Fig. 3. Pheatmap of the studied lactic acid bacteria isolates.

Antibio: antibiogram; x phenol: phenol concentration; x salt: bile salt concentration; A.C: antibacterial activity.

The hierarchical heat map shows the significant difference between some probiotic properties of the grouped

isolates. The difference in property is represented by a colour key with a red and blue gradient.

Selection of probiotics by the pheatmap software
method and identification of lactic acid bacteria
isolates with probiotic potential by MALDITOF mass
spectrometry

The results of the pheatmap treatment were used to
group together the different probiotic properties of all
isolates, which would have similar selection criteria.
It was found that the LAB isolates T3.1, T3.7 and T3.4

presented the best probiotic  profiles.The

identification of the three lactic acid bacteria isolates
with probiotic potential, by the MALDITOF-MS
technique, revealed that the LAB T3.1, T3.4 and T3.7
isolates to the Lactobacillus

belong genus

(Lactobacillus fermentum). Probiotic bacteria play
an important role in protecting the host from harmful

microorganisms, enhancing the host immune system,
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improving food digestibility and reducing metabolic
disorders. The L. fermentum strains isolated from
fermented maize dough in this study have very
interesting antimicrobial activities against entero-
invasive and foodborne pathogens such as
Escherichia coli, Salmonella enterica serogroup O:8

and Staphylococcus aureus.

In addition to this activity, the study showed that they
have strong probiotic potential, which would imply
their beneficial action when supplemented with corn-
based foods, with the simple aim of providing
consumers with a food that is beneficial to health.
Indeed, its supplementation would help to improve
immunity, fight digestive diseases and even reduce
LDL cholesterol. Well documented by scientists, this
bacterial strain is said to produce antimicrobial,
antioxidant and

anti-inflammatory compounds

(Marika and Mihkler, 2009; Kullisaar et al., 2009).

Regarding its involvement in cholesterol reduction,
recent studies by Simons et al. (2006) reveal that this
bacterium, when supplemented with plant foods,
would contribute to the reduction of dietary
cholesterol. Also, another effect of the Lactobacillus
fermentum strain is that it binds and breaks down
lipid-rich bile salts, creating an effect similar to some
of the original anti-cholesterol pharmaceutical drugs
such as cholestyramine (Simons et al., 2006). In view
of the above and the results obtained in this study, the
Lactobacillus fermentum species isolated from
fermented maize pulp in Coéte d'Ivoire has potential

for food preservation and biomedical applications.

Conclusion

From the data of the present study, it can be
concluded that the Lactobacillus fermentum strains
isolated from fermented maize paste in Cote d'Ivoire,
are tolerant to stressful gastro-intestinal conditions
and showing a variable capacity to adhere to human
epithelial cells, have known probiotic potentialities.
Therefore, they could be used as a food supplement,
with a view to improving both the nutritional and
health aspects, which would contribute to the safety

of food for human consumption.
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