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ABSTRACT
Antibacterial activity of 117 lactic acid bacteria isolated from different steps of tchapalo production, a traditional
sorghum beverage, was tested using the agar-well diffusion method. Strains showing antibacterial activity were
identified by biochemical characteristics based on API 50CH, and their resistance to the digestive tract conditions
was tested through the determination of pH and bile salts tolerance. As results, most of isolates inhibited indicator
strains by organic acids production. Bacillus cereus, Lactobacillus delbrueckii, Listeria innocua and Pseudomonas
aeruginosa were the most sensitive to this production. Besides, 27 lactic acid bacteria produced bacteriocins which
inhibited Lb. delbrueckii F/31. Among them, four strains displayed also inhibitory activity against Enterococcus
faecalis, Enterococcus faecalis ATCC 29212, Streptococcus sp, Enterococcus faecalis CIP 105042, Enterococcus
faecium ATCC 51558 and Listeria innocua. These 27 lactic acid bacteria were identified as Lactobacillus
fermentum, Lactobacillus acidophilus, Lactobacillus brevis, Lactobacillus pentosus and Pediococcus acidilactici.
Pediococcus acidilactici strains At1BE22 and At34E21 which had good antibacterial potential were tolerant
against acidic conditions and bile salts. Therefore, they could survive in the gastrointestinal tract environment. So,
they could be used for tchapalo preservation and also to protect tchapalo consumers’ health.
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INTRODUCTION
Lactic acid bacteria (LAB) are a group of Gram-
positive, non-spore forming and catalase negative
bacteria. They represent a heterogeneous species
which common feature is the production of lactic acid
and belong to various genus such as Lactobacillus,
Lactococcus, Leuconostoc, Oenococcus,
Pediococcus, Streptococcus, Enterococcus,
Tetragenococcus, Aerococcus, Carnobacterium and
Weissella1. Lactic acid bacteria produce various types
of compounds such as organic acids, diacetyl,
hydrogen peroxide and bacteriocins during
fermentation. Bacteriocins are a heterogeneous
family of small, heat-stable peptides with potent
antimicrobial activity produced by many bacterial

species2, 3, 4. Those produced by Gram-positive
bacteria have a bactericidal or bacteriostatic effect on
other genus and species, but their activities are
usually limited to other Gram-positive bacteria.
Studies on bacteriocins from LAB have been carried
out at large scale over the last decades, including the
use of bacteriocins or producer organisms as natural
food preservatives and their potential utility in human
health applications3, 4.
Some LAB strains called probiotics are able to
protect and have a beneficial effect on the host related
health3,5, 6. Indeed, probiotics are live microorganisms
defined by the Food and Agricultural Organization /
World Health Organization7 as: "Live
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microorganisms whose administration in adequate
amount to the body is able to confer a health
beneficial effect on the host". The probiotic bio-
therapeutic effect is multifactorial, including:
maintaining the intestinal microbial balance in human
and animal hosts, prevention and treatment of
diarrhea, improving lactose tolerance, suppression of
cancer, improving digestion, reduction in serum
cholesterol levels and modulation of the host immune
system8, 9, 10. Probiotic strains survive harsh
conditions in the gastrointestinal tract and adhere to
intestinal epithelial cells. They also have some
defense mechanisms against pathogenic
microorganisms. Thus, probiotics are increasingly
used in the food industry. Some probiotic LAB
strains are already consumed as part of fermented
food products or as dietary supplements11. The most
important contribution of these bacteria to fermented
products is to improve the nutritive qualities of the
raw material and to inhibit the growth of spoilage and
pathogenic bacteria2.
Tchapalo is a traditional opaque, sour alcoholic
beverage produced in West Africa and particularly in
Côte d’Ivoire. It contains a large amount of insoluble
materials with continuous fermentation and it has a
nutritional value that significantly contributes to
improve the diet of consumers 12, 13, 14. Tchapalo is
very well appreciated by the public and Its
consumption is getting more and more widespread.
According to consumers tchapalo has some
therapeutic virtues. But these virtues have not been
scientifically proven yet, whereas two successive
steps of fermentation occur at ambient conditions
during its production12, 13. The first one, which is a
spontaneous fermentation, is mainly provided by
LAB such as Lactobacillus, Leuconostoc,
Pediococcus and Enterococcus14. The second one,
which is an alcoholic fermentation, is performed by
the sweet wort inoculum made of dried yeast as well
as LAB harvested from previous tchapalo. The
presence of these LAB confers the sour taste and
storage longevity. These bacteria might have also
probiotic properties. However, their antimicrobial
and probiotic activities are not well documented. In
this work, the antagonistic activity of LAB isolated
during tchapalo production was investigated against
spoilage and food-borne pathogens. The isolates
having antimicrobial activity were identified based on
phenotypic characteristics and their resistance to the
conditions of the digestive tract were also tested.

MATERIALS AND METHODS
Sampling and bacteria strains isolation:
Sampling was carried out on different products
during nine tchapalo production. Samples were
collected from three municipalities of Abidjan

(Abobo, Attecoubé and Yopougon) in the district of
Abidjan (Southern of Côte d’Ivoire). A total of 9
samples of sorghum, sorghum malt, sorghum malt
flour, mash, cooked sediment, wort, sour wort, sweet
wort, traditional starter and tchapalo were collected
from these municipalities according to Aka et al.12 in
sterile small bottles, labelled and then transported to
the laboratory in a box containing a freezing pack.
Ten milliliters of each sample were aseptically added
into 90 ml of sterile 0.9% NaCl solution and mixed.
Serial dilutions (10-1 to 10-7) are performed and 0.1
ml aliquot of the appropriate dilution is directly
inoculated in duplicate on Man Rogosa Sharpe agar15;
then incubated anaerobically at 30°C, 37°C and 45°C
for 48 hours for enumeration of LAB. A total of 117
LAB strains were isolated characterized by cell
morphology, catalase and oxidase tests. Cultures
were maintained as frozen stocks at –80°C in MRS
broth containing 20% glycerol. Before experiments,
cultures were propagated twice in MRS at 37oC, the
transfer inoculum was 1% (v/v) of 16 h culture grown
in fresh medium.

Indicator bacteria strains:
The indicator bacteria strains were obtained from
national laboratory of public health cultures
collection and our laboratory culture collection
(CSRS microbiology laboratory). Their media and
cultivation conditions used for antibacterial activities
are presented in Table 1.

Antibacterial activities of lactic acid bacteria
isolates:
Extraction of Cell-free Supernatants (CFS):
Antibacterial activities were assayed against indicator
bacteria strains using an agar diffusion method
described by Arici et al.16. Ten mL of MRS broth was
inoculated with 1% (v/v) of 16 h culture of each LAB
strain and was incubated at 37°C for 24 h. Then, cell-
free solutions were obtained by centrifugation (6000
× g, TGL-16 M) for 15 min at 4°C of the culture,
followed by filtration of the supernatant through a
0.45 μM pore size filter (Corning syringe filters,
Sigma-Aldrich, Germany). Three portions of the
sterilized CFS were transferred aseptically into sterile
samples bottles. One of these portions was
neutralized with 5 N NaOH (pH 6.5-7). One other of
these portions was neutralized with 5 N NaOH (pH
6.5-7) and treated with 1 mg/mL of catalase (Sigma-
Aldrich, Germany) to eliminate organic acid and
hydrogen peroxide (H2O2) respectively.

Antibacterial activity of CFS:
The indicator test bacteria were incubated in Brain
Heart Infusion (BHI) or nutrient broth or MRS broth
at 37°C or 44°C for 18-24 h (Table 1).
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Approximately 106 ufc/mL of the indicator bacteria to
be tested for sensitivity were inoculated (1% v/v) into
20 mL of BHI or nutrient or MRS soft agar (0.9%
agar) and the agar plates were allowed to dry. A 100
μL sample of the un-neutralized and neutralized CFS
were filled in 5 mm diameter sealed wells which
were cut into the agar plates. The culture plates were
pre-incubated at 4°C for 2 h and then incubated for
18 h and the zones of inhibition were measured in
diameter (mm). Antibacterial tests were carried out in
triplicate and the mean values recorded.

Phenotypic characterizations:
Cell morphology was observed using an optical
microscope and isolates tested for catalase
production. Twenty seven LAB which exhibited
inhibitory effect against indicator strains were
selected for identification to species level using the
Api 50 CH galleries and Api 50 CHL medium (Bio
Mérieux, l’Etoile, France). Tests of these galleries
were performed according to the manufacturer’s
instructions. The APILAB Plus database (Bio
Merieux, France) was used to interpret the results.

Resistance to the conditions of the digestive tract:
Determination of optimal growth and pH
resistance:
Resistance to pH 3 is often used in vitro assays to
determine the resistance to stomach pH. Food usually
stays in the stomach for 3 h and this time limit was
taken into account17. For the determination of optimal
growth and pH of LAB, a modified method of Hoque
et al.18 was applied in this study ; so 1% (v/v) fresh
overnight culture of LAB were inoculated into MRS
broth with varying pH ranging from 2.5 to 8.5. The
pH was adjusted with 5 N HCl and 5 N NaOH. The
inoculated broths were incubated at 37°C for 3 h.
After incubation, growth of the bacteria was
measured using a spectrophotometer, reading the
optical density at 560 nm (OD 560) against the un-
inoculated broth.

Bile Tolerance test:
The mean intestinal bile concentration is believed to
be 0.3% (w/v). The staying time of food in small
intestine is suggested to be 4 h17. The experiment was
carried out to this bile concentration for 4 hours. A
modified method of Erkkilä and Petäjä19 was used to
study the effects of bile salts. Briefly, 1% (v/v)
overnight culture of LAB were inoculated into MRS
broth with varying 0-3% bile acids (Merck,
Germany). The inoculated broths were incubated at
37°C for 4 h. After incubation, growth of the bacteria
was measured using a spectrophotometer, reading the
optical density at 560 nm (OD 560) against the
uninoculated broth containing 0-3% of bile acids.

RESULTS AND DISCUSSION
Antibacterial activities of lactic acid bacteria
isolates
In fermented food, hygienic safety is generally due to
potential of lactic acid bacteria to produce organic
acids and bacteriocins17. In this study, 117 strains of
LAB isolated from different steps of tchapalo
production were evaluated for their antimicrobial
activity against different spoilage and food borne
pathogens. The whole results of non-neutralized
CFSs inhibitions were indicated in Table 2. The
inhibition diameters were ranged from 9 to 20 mm
(Figure 1). When the LAB CFSs pH were not
neutralized, 32.45% were able to inhibit the growth
of Bacillus cereus DSM 31T. This bacteria was the
most sensitive indicator strains followed by Lb.
delbrueckii F/31 which growth was inhibited by
23.07% of LAB CFSs. About 17.09% of LAB CFSs
exhibited inhibitory activity against Pseudomonas
aeruginosa ATCC 27853 and Listeria innocua ATCC
33090. Results showed also that 12.82%, 8.55% and
7.69% of LAB CFSs yielded inhibition zones against
respectively Salmonella typhimurium ATCC 5066,
Staphylococcus aureus ATCC 25923 and Escherichia
coli ATCC 25922. On the other hand, only 1.71% of
LAB CFSs displayed bactericidal activity against
Enterococcus faecalis, Enterococcus faecalis ATCC
29212, Streptococcus sp, Enterococcus faecalis CIP
105042 and Enterococcus faecium ATCC 51558. The
CFSs of LAB isolated in dry malted sorghum
inhibited most of indicators strains but those from
sour wort inhibited indicators strains with highest
diameters (inhibition diameters were from 12 and 20
mm, Figure 1). The inhibitory spectrum varied
between isolates and for the same strain, the
inhibitory spectrum varied between indicator strains.
A total of 72.60% of LAB had inhibitory activity
against one or more indicator strains when LAB
CFSs pH was not neutralized. These inhibitory
activities were due probably to either organic acids
production. Indeed, the first role of lactic acid
bacteria from tchapalo processing is to produce
organic acids which reduced pH. The low pH
inhibited the growth of pathogenic microorganisms 20,

21, 22, 23. So, it increased sweet wort and tchapalo
shelf-life. Un-neutralized CFSs were active against
both the Gram-positive and Gram-negative indicator
strains as indicated also by Sourav and Arijit24.
When the pH was neutralized, the inhibitory activity
against indicator strains reduced in most of CFS
culture bacteria (Figure 2). Only 23.07% of LAB
CFSs kept their entire inhibitory activity against Lb.
delbrueckii F/31. About 1.71% of LAB CFSs
displayed bactericidal activity against L. innocua
ATCC 33090, Enterococcus faecalis, Enterococcus
faecalis ATCC 29212, Streptococcus sp,
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Enterococcus faecalis CIP 105042 and Enterococcus
faecium ATCC 51558; and 0.85% of them showed
inhibitory effect against Bacillus cereus DSM 31T.
Pseudomonas aeruginosa ATCC 27853, Escherichia
coli ATCC 25922 and Salmonella typhimirium
ATCC 5066 were inhibited respectively by 8.54%,
3.41% and 1.71% of LAB CFSs. This result
confirmed that the inhibitory activity was attributed
to organic acids produced by LAB isolates. Similar
results were obtained by several authors10, 24, 25. These
findings corroborate also the findings by Kivanç et
al.26 who obtained 33 LAB isolates from boza having
antimicrobial activity against L. monocytogenes, B.
cereus, B. subtilis, S. aureus, En. faecalis, E. coli, P.
aeruginosa, and S. typhimurium in a well diffusion
assay. But, only 8 isolates kept their activities in the
neutralized supernatant against all of the tested
bacteria. Among these, 3 isolates, Lactobacillus
plantarum had antimicrobial effect for S. aureus. The
inhibitory activity of the other 25 isolates is due to
organic acids. Alvarado et al.27 also reported that
about 26.6% of the isolated LAB strains from 27
artisan Mexican foods were capable of inhibitory
activity, but only one strain (1.0%) showed
bacteriocin production capacity. Diop et al.28 also
found that among two hundred and twenty colonies
which displayed antibacterial activity against the
indicator lawn, 20 of these strains produced
antibacterial activity in the neutralized cell-free
supernatant, whereas only 12 confirmed the activity
when the CFSs were treated with catalase. The fact
that the neutralized cell-free supernatants inhibited
growth of indicator strains may be due to the
production of hydrogen peroxide or bacteriocins
because in the neutralized cell-free supernatants,
organic acids are eliminated. Lactic acid bacteria
have also the capacity to produce hydrogen peroxide
which inhibits also indicator strains. Kivanç et al.26

mentioned that hydrogen peroxide is one of the
primary metabolites that may be produced by LAB
and which may contribute to their antagonistic action
and food preservation. It is produced by a large
number of LAB which lack the enzyme catalase in
particular by Lactobacillus spp. and inhibits other
microorganisms such as L. monocytogenes, B. cereus,
B. subtilis, S. aureus, En. faecalis, E. coli P.
aeruginosa, and S. typhimurium.
When the catalase was added in neutralized CFSs, the
antagonistic activity against indicator strains was lost
except for those against Gram-positive indicator
strains that were closely related to isolated bacteria
(Figure 3). The CFSs of 27 LAB exhibited inhibitory
effect against Lb. delbrueckii F/31. Among these, 2
LAB strains had inhibitory activity against Listeria
innocua, and 2 other LAB strains displayed also
inhibitory activity against Listeria innocua,

Enterococcus faecalis, Enterococcus faecalis ATCC
29212, Streptococcus sp, Enterococcus faecalis CIP
105042, Enterococcus faecium ATCC 51558. The
neutralized cell-free supernatants treated with
catalase which inhibited the growth of indicator
strains indicate that antibacterial activity is due to the
production of bacteriocins 6, 10, 25, 29, 30. Gram-positive
indicator strains were much more sensitive to tested
LAB strains bacteriocins while Gram-negative
indicator bacteria showed resistance to bacteriocins.
These results indicated that tested LAB had an
inhibitory spectrum towards closely related Gram-
positive bacteria including pathogens. The resistance
of Gram-negative bacteria is attributed to the
particular nature of their cellular envelope and
mechanisms of action described for bacteriocins24, 25.
Other authors reported also that some LAB species
from various foods produced a broad spectrum of
activity against various pathogenic bacteria27, 31.
Todorov and Dicks32 found that bacteriocin produced
by Lactobacillus plantarum ST194BZ, a strain
isolated from boza, a traditional drink produced by
the fermentation of different cereals, inhibits the
growth of Lactobacillus casei, Lactobacillus sakei,
Lactobacillus delbrueckii subsp. bulgaricus,
Enterococcus faecalis. Our findings corroborate also
the findings by earlier workers33. For these authors,
Lactobacillus plantarum F1 and Lb. brevis OG1
isolated from Nigerian fermented food products,
produced bacteriocins that had broad spectrum of
inhibition against both pathogenic food and spoilage
organisms and various LAB as Enterococcus
faecalis. In their study performed on antimicrobial
activities of LAB strains involved in Burkina Faso
fermented milk, Savadogo et al.2 showed that the
biggest diameter of inhibition (12 mm) is obtained
with the extract of Lactobacillus fermentum S1 on
Enterococcus faecalis. The inhibitory effect of our
LAB strains acted differently on indicator strains.
Bacteriocins are bactericidal agents as claimed by
Klaenhammer34, hence they may be used either as
probiotic or as biopreservative indicated by
Arokiyamary and Sivakumar 35.

Phenotypic characterization
A total of twenty seven LAB which exhibited
inhibitory activities were phenotypic identified based
on the carbohydrate utilization and the results are
presented in Figure 4. These isolates were grouped
into four species of Lactobacillus and one species of
Pediococcus. Eight isolates were characterized as
Lactobacillus fermentum, six belonged to
Lactobacillus acidophilus, six was identified as
Lactobacillus pentosus, one was identified as
Lactobacillus brevis and six isolates were assigned to
Pediococcus acidilactici. Some strains of these
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species are well documented in the literature for their
production of bacteriocins9, 29, 30, 31, 36, 37, 38.

Resistance to the conditions of the digestive tract
Resistance to low pH in the stomach and bile salts in
the small intestine is one of the major important
properties of probiotic bacteria5. During this study,
the four LAB (Lactobacillus fermentum Ab3BE41,
Lactobacillus brevis Ab3BE42 and Pediococcus
acidilactici At1BE22 and At34E21) which had
produced inhibitory activity against two or more
indicator bacteria had been selected for their
resistance to conditions of the digestive tract. The pH
resistance of these four strains was conducted in
MRS broths whose pH varied between 2.5 and 8.5 for
3 h as the time of digestion in the stomach is 3 h. The
results showed that all strains were resistant to the pH
of culture medium. However, their optimal growth
varied with pH and strains themselves (Figure 5).
Optimal growth is observed at pH 6 for strain
Ab3BE41, at pH 6.5 for strains At1BE22 and
Ab3BE42 and at pH 6 and pH 8.5 for strain At34E21.
In addition, the strain At1BE22 and At34E21 had
higher capacity for survival in acid medium at pH 2.5
to pH 3.5 than others. The results of bile salts
tolerance for our four LAB were observed in Figure 6

in different MRS broths which level of bile salts
varied between 0% and 3%. All strains were resistant
to bile salts, but most of them lost their viability at
3% bile salts concentration. At 0.15% bile salts,
strains At1BE22 and At34E21 were able to survive
more than 70% and 50% of their initial count
respectively. Strains At1BE22 and At34E21 had
better survived withstand different concentrations of
bile salts than strains Ab3BE41 and Ab3BE42. At
0.5% bile salts concentration, less than 10% of the
strains survived except strain At1BE22. Strains
At1BE22 and At34E21 had better resistance to bile
salts and were able to survive in acidic digestive tract
conditions. This result is similar to the result obtained
by Erkkilä and Petäjä19 who showed that strains of
LAB such as Pediococcus acidilactici proved to be
more acid tolerant, but 0.30% bile salt was the critical
bile salt concentration for screening tolerant strains. It
is also mentioned that the resistance to bile salts
varies a lot among LAB species and even between
strains themselves3. Therefore, LAB strains can
survive in gastrointestinal tract environment which
has characteristic features of having acidic pH and
high concentrations of bile salts as indicated by
Pelinescu et al.8 and Oluwajoba et al.16.

Table 1
Indicator bacteria strains with their Media and culture conditions

Indicator bacteria strains Sources Media and culture conditions

Gram-positive bacteria

Listeria innocua ATCC 33090 Nutrient broth, 18-24 h, 37°C

Bacillus cereus DSM 31T Nutrient broth, 18-24 h, 37°C

Staphylococcus aureus ATCC 25923 Nutrient broth, 18-24 h, 37°C

Enterococcus faecalis ATCC 29212 Brain Heart Infusion, 18-24 h, 37°C

Enterococcus faecalis CIP 105042 Brain Heart Infusion, 18-24 h, 37°C

Enterococcus faecium ATCC 51558 Brain Heart Infusion, 18-24 h, 37°C

Enterococcus faecalis Clinical LNSP Brain Heart Infusion, 18-24 h, 37°C

Streptococcus sp Clinical LNSP Brain Heart Infusion, 18-24 h, 37°C

Lactobacillus delbrueckii F/31 Man Rogosa Sharp, 18-24 h, 44°C, anaerobiosis

Gram-negative bacteria

Salmonella typhi ATCC 5066 Nutrient broth, 18-24 h, 37°C

Escherichia coli ATCC 28170 Nutrient broth, 18-24 h, 37°C

Pseudomonas aeruginosa ATCC 27853 Nutrient broth, 18-24 h, 37°C
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Table 2
Number of test LAB having antimicrobial activity against indicator strains at un-neutralized pH

Number of LAB isolated from
different steps during tchapalo
production (n=117)

Gram positive indicator bacteria Gram negative indicator
bacteria

L. ino B. c3 S. a E. f E. f2 St. sp E. fO E. ff151 Lb. d S. t5 E. c28 P. a27

Sorghum (n= 10) 1 6 0 0 0 0 0 0 0 0 0 1

Dry malted sorghum (n=22) 4 8 2 2 2 2 2 2 3 2 0 4

Flour dry malted sorghum (n=12) 4 4 3 0 0 0 0 0 1 4 2 4

Mash (n=17) 2 7 2 0 0 0 0 0 4 2 1 1

Sediment (n=6) 0 1 0 0 0 0 0 0 0 1 0 1

Wort (n= 19) 5 4 0 0 0 0 0 0 6 4 3 4

Sour wort (n=21) 4 5 2 0 0 0 0 0 8 2 2 3

Sweet wort (n=1) 0 0 0 0 0 0 0 0 0 0 0 0

Traditional starter (n=8) 0 2 0 0 0 0 0 0 5 0 0 1

Tchapalo (n=1) 0 1 1 0 0 0 0 0 0 0 1 1

Total number of LAB isolates
having antimicrobial activity

20 38 10 2 2 2 2 2 27 15 9 20

Percentage of LAB isolates having
antimicrobial activity ( %)

17.09 32.45 8.55 1.71 1.71 1.71 1.71 1.71 23.07 12.82 7.69 17.09

n : number of samples, L. ino : Listeria innocua : 33090, B. c3 : Bacillus cereus DSM 31T, S. a : Staphylococcus aureus ATCC 25923, E. f :
Enterococcus faecalis, E. f2 : Enterococcus faecalis ATCC 29212, St. sp : Streptococcus sp, E. fO : Enterococcus faecalis CIP 105042, E. ff151 :
Enterococcus faecium ATCC 51558, Lb. d : Lb. delbrueckii F/31, S. t5 : Salmonella typhimurium ATCC 5066, E. c28 : Escherichia coli ATCC

28170, P. a27 : Pseudomonas aeruginosa ATCC 27853

Figure 1
Inhibition of P. aeruginosa 27853 by un-neutralized cell-free supernatants of LAB strains isolated during

tchapalo processing. 1: AT34E21, 2: AT23E65, 3: AT2BE72, 4: AT2BE78, 5: AT33E41, 6: AB1BE73.
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Figure 2
Percentage of LAB isolates having antibacterial activity against indicator strains at neutralized pH. L. ino :

Listeria innocua : 33090, B. c3 : Bacillus cereus DSM 31T, S. a : Staphylococcus aureus ATCC 25923,
E. f : Enterococcus faecalis, E. f2 : Enterococcus faecalis ATCC 29212, St. sp : Streptococcus sp,

E. fO : Enterococcus faecalis CIP 105042, E. ff151 : Enterococcus faecium ATCC 51558, Lb. d : Lb. delbrueckii F/31, t5 : Salmonella
typhimurium ATCC 5066, E. c28 : Escherichia coli ATCC 28170,

P. a27 : Pseudomonas aeruginosa ATCC 27853.

Figure 3
Percentage of LAB isolates having antibacterial activity against indicator strains at neutralized pH with
catalase addition. L. ino : Listeria innocua : 33090, B. c3 : Bacillus cereus DSM 31T, S. a : Staphylococcus

aureus ATCC 25923, E. f : Enterococcus faecalis, E. f2 : Enterococcus faecalis ATCC 29212, St. sp :
Streptococcus sp, E. fO : Enterococcus faecalis CIP 105042, E. ff151 : Enterococcus faecium ATCC 51558, Lb.
d : Lb. delbrueckii F/31, S. t5 : Salmonella typhimurium ATCC 5066, E. c28 : Escherichia coli ATCC 28170, P.

a27 : Pseudomonas aeruginosa ATCC 27853
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Figure 4
Lactic acid bacteria species involved in the tchapalo processing having antibacterial activity against indicator

strains.

Figure 5
Growth of LAB strains at different pH of MRS Broth. At1BE22: Pediococcus acidilactici, At34E21:

Pediococcus acidilactici, Ab3BE41: Lactobacillus fermentum, AB3BE42: Lactobacillus brevis
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Figure 6
Percentage of survival LAB strains in presence of different bile salt concentrations. At1BE22: Pediococcus
acidilactici, At34E21: Pediococcus acidilactici, Ab3BE41: Lactobacillus fermentum, AB3BE42: Lactobacillus

brevis

These results represent great advantages for the
survival of these bacteria, once introduced in the
gastrointestinal tract. Bile resistance of some strains
is related to specific enzyme activity bile salt
hydrolase (BSH) which helps to hydrolyze
conjugated bile, thus reducing its toxic effect.
However high concentration of bile up to 2.0% was
reported and the average concentration was about
0.3%5.

CONCLUSION
The results of this study showed that most of LAB,
isolated from tchapalo production, inhibited indicator
strains by organic acids production. Bacillus cereus,
Lactobacillus delbrueckii, Listeria innocua and
Pseudomonas aeruginosa are the most sensitive to
this production. Besides, 27 LAB produced
bacteriocins which inhibited Lb. delbrueckii F/31.
Among them, four strains displayed also inhibitory
activity against Listeria innocua ATCC 33090,
Enterococcus faecalis, Enterococcus faecalis ATCC
29212, Streptococcus sp, Enterococcus faecalis CIP
105042, Enterococcus faecium ATCC 51558.
Pediococcus acidilactici strains which had good
antibacterial potential were tolerant against acidic
conditions and bile salts. They could be used for
tchapalo preservation and also to protect tchapalo
consumers’ health. These food bacterial strains will
be therefore selected for further studies on genotypic
characterizations.
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