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ABSTRACT

Three lactic acid bacteria (LAB) isolates which demonstrated probiotic properties were obtained
from chicken intestine. The isolates demonstrated good tolerance to acidic pH 3, 0.3% bile salts
and strong adhesion to Caco-2 cells. These isolates also showed antagonistic activity against
pathogenic E. coli (078:K80), Salmonella enterica serovar Typhimurium, C. perfringens (Type
A), Salmonella enterica serovar Enteritidis, E. faecium (FM3), E. faecalis (E227). All three
isolates had high inhibition zone (> 6 mm) against E. coli 078:K80 and Salmonella enterica serovar
Typhimurium and were susceptible to antibiotics gentamicin, kanamycin, streptomycin,
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pathogens tetracycline, erythromycin, clindamycin, chloramphenicol and ampicillin. These isolates were
identified by using 16S rRNA sequencing technique and as two L. salivarius and one L. reuteri

with accession number MH375403, MH375402 and MH375404, respectively.
INTRODUCTION as antimicrobial activity against pathogens and enhanced

The ban or restriction on sub-therapeutic antibiotic usage for
poultry production has been imposed in many countries.
Environmentally friendly supplements, such as probiotics, have
been considered as a possible alternative to antibiotics [1].
Probiotics are live organisms which when administered in
adequate amounts confer a health benefit on the host [2]. It has
been reported that probiotics are able to improve the health of the
host animal by enhancing the beneficial microflora, improving
the host resistance to pathogenic microorganisms, and increasing
the level of immunomodulation of the host [3]. The most
commonly used microorganisms as probiotic are lactic acid
bacteria consisting of the genus Lactobacillus, Leuconostoc,
Pediococcus, and Streptococcus.

In the selection of a potential probiotic strain, the primary
criteria are the ability to survive in the gastrointestinal tract (GIT)
where acid and biles are present, and the ability to adhere to the
intestinal wall. Furthermore, it is important that probiotic
candidates are able to impose some beneficial bioactivities such

digestive functions.

The importance of probiotics is well recognized and continuous
efforts are pursued to discover effective strains that are capable
of rendering specific functions such as combating disease like
coccidiosis in poultry. Thus, the present study was carried out to
isolate Lactobacillus spp. from chicken intestines and to evaluate
their probiotic properties.

MATERIALS AND METHODS

Isolation and characterisation of Lactobacillus isolates

Lactobacillus isolates were obtained from the chicken intestines
according to the method described by Ouled-Haddar et al. [4].
Samples from chicken intestines were collected from five healthy
chickens, at 42 days of age, at the local market immediately after
being euthanized. The whole intestines of the chickens were
collected and kept individually in a sealed plastic bag placed in
ice. The intestinal contents of each chicken were scrapped,
weighed for 1.0g, and vortexed with 0.9mL of 0.89% NaCl (w/v)
for 30 seconds. Then the contents were diluted serially (10! to
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1019 and 0.1mL of each dilution was spread plated on de Man,
Rogosa and Sharpe (MRS) agar medium (Oxoid) agar. The plates
were incubated anaerobically in the anaerobic jar with anaerobic
gas generating sachets (Oxo0id™ AnaeroGen™, Europe) for 24 h
at 37°C incubator. After the incubation period, single colonies
were picked, and isolates were purified by two-times purification
step on MRS agar and broth. A total of 46 isolates was obtained.
The isolates were maintained in 1% (v/v) MRS broth incubated
in the anaerobic jar with anaerobic gas generating sachets

(Ox0id™ AnaeroGen™, Europe) for 24 h at 37°C incubator, and
stored in 20% glycerol in -80°C freezer for future use [5].

The isolates were characterised by Gram stain and catalase
test according to the methods described as before [6]. Only
Gram-positive and catalase negative isolates were used for
screening of probiotic properties. Overnight cultures in MRS
broth with turbidity of 1.5 at ODesoonm Were used for each test.
Lactobacillus isolates were evaluated for their tolerance against
Phosphate Buffered Saline (PBS) buffer at pH 1, 2 and 3. The
isolates were mixed with the respective buffers for 0, 1, 2 and 3
h before they were cultured in MRS broth overnight [7]. Bile
tolerance test and adhesion test (Caco-2 cell line, ATCC HTB-
37) were conducted according to the method described by Jin et
al. [8] and Duary et al. [9], respectively. Antagonistic effects of
isolates against six test pathogens (as listed in Table 1) was
evaluated according to the method described by El-Kholy et al.
[10]. All pathogenic strains were obtained from Laboratory of
Vaccines and Immunotherapeutic (LIVES), Institute of
Bioscience, University Putra Malaysia (UPM) stock culture.
Antibiotic susceptibility test (minimal inhibitory concentration)
for the Lactobacillus isolates was performed according to the ISO
10932/IDF 223 standard [11]. The minimal inhibitory
concentrations (MICs) layout are shown in the Table 2.

Table 1. Test pathogens and their specific growth media.

ITest pathogens Origin Growth medium
Eschericia coli (078:K80) Chicken  Nutrient broth/agar
Salmonella enterica serovar Chicken  Nutrient broth/agar

Typhimurium
Clostridium perfringens (Type ~ Chicken  Brain heart infusion

A) broth/agar

Salmonella enterica serovar Chicken  Nutrient broth/agar

Enteritidis

Enterococcus faecium (FM3) Chicken  Brain heart infusion
broth/agar

Enterococcus faecalis (E227) Chicken  Brain heart infusion
broth/agar

"Laboratory of Vaccines and Immunotherapeutic (LIVES), Institute of Bioscience, Universiti
Putra Malaysia (UPM) stock culture.

Table 2. Layout of the microdilution plate with each concentrations of
antibiotics used.

Row/ 1 2 3 4 5 6 7 8 9 10 11 12

Antibiotic Concentration of the antibiotics (pg/mL)

Gentamicin 1 2 4 8 16 32 64 128 256 512 N

Kanamycin 4 8 16 32 64 128 256 512 1024 204 N
8

a~Bia~]

Streptomycin P 1 2 4 8 16 32 64 128 256 512 N
Tetracycline P 025 0.5 1 2 4 8 16 32 64 128N
Erythromycin P 0.032 0.063 0.1250.25 0.5 1 2 4 8 16 N
Clindamycin P 0.063 0.125 025 05 1 2 4 8 16 32 N
Chloram- P 025 05 1 2 4 8 16 32 64 128N

phenicol

Ampicillin P 0.063 0.125 025 05 1 2 4 8 16 32 N
Note:

Value in each row represents the concentrations of each antibiotics respectively; P=Positive
control in each well without antibiotic and test strain with medium contain solvent that dissolved
antibiotic at the highest concentration (Strain + LSM broth only); N=Negative control in each
well without test strain or antibiotic (LSM broth only).

Identification of Lactobacillus isolates

Extraction of total genomic DNA

Bacterial cells were harvested from overnight culture (1.5mL) of
each isolate in MRS broth by centrifugation at 500 x g for 10 min
at room temperature. The cell pellet was used for extraction of
total genomic DNA by using the DNeasy Blood and Tissue Kit
(Qiagen, Germany) according to the manufacturer’s protocal.
Bacterial cell pellet was pre-treated with lysozyme (20mg/mL)
for 30 min. lysis buffer was then added. Proteaniase K was used
for digestion of proteins. Total genomic DNA was purified using
a mini spin column (Qiagen, Germany), and eluted with elution
buffer in a final volume of 100pL. DNA concentration and purity
were measured using NanoDrop BioSpectrophotometer
(Eppendort, Germany). The extracted DNAs were then kept at -
20 °C for amplification.

Amplification of 16S rRNA gene

For amplification of the 16S rRNA gene, universal primers pA
(5> - AGA GTT TGA TCC TGG CTC AG-3’) and pE (5’-
CCGTCA ATT CCT TTG AGT TT-3’), were used with expected
PCR product size of 1.5 kb. The PCR amplification was
performed in 25 pL reaction mixtures using a MyCycler Thermal
Cycler (BioRad, USA). The PCR reaction mixture contained 2.5
pL reaction mixture of PCR buffer [10X PCR amplification
buffer containing 500mM KCl, 100mM Tris-HCL. (pH9.0), and
1% Triton-X-100], 0.5 pL of deoxynucleotide triphosphate
(ANTP, i-DNA biotechnology Pte, Ltd, Singapore) in
concentration O0f 10mM, 0.5pL of Taq DNA polymerase
(Viogene, Taipei, Taiwan, 2U/uL) and 0.5puL of template DNA
(corresponding to approximately 50 to 100ng of DNA). The PCR
conditions were as follows: initial denaturation at 94°C for 3
minutes; 29 cycles of denaturation at 45°C for 45 seconds each;
primer annealing at 53°C for 60 seconds, and primer extension at
72°C for 90 seconds; and final step of primer extension at 72°C
for 5 minutes before being held at 4°C.

Sequencing alignments and phylogenetic inference

DNA sequence data sets were assembled using Bioedit sequence
alignment editor software. Discrepancy nucleotides between
forward and reverse sequence were edited based on their
electropherograms. Similarity values were determined using
Basic Local Alignment Tool (BLAST) of the GenBank (NCBI).
Sequence with >97% to the previously published sequence were
used as the criterion to indicate species identity [12].

A phylogenetic tree was constructed based on the 16S rRNA
gene sequence analysis where the analysis involved 17
nucleotide sequences comprising 3 sequences of Lactobacillus
isolates obtained in this study, 14 sequences belonging to
Lactobacilli species that were obtained from the GenBank.
Lactococcus lactis subsp. lactis AB100803.1 as outgroup. The
14 Lactobacilli reference sequences from the GenBank were
under the following accession numbers: L. salivarius
FJ751785.1, Lactobacillus sp. EU600923.1, L. salivarius
FJ751787.1, L. salivarius F1751784.1, L. salivarius FJ751780.1,
L. salivarius AB612967.1, L. salivarius FJ751782.1, L.
salivarius FJ751779.1, L. reuteri KC348394.1, L. reuteri
EU626021.1, L. reuteri EU626015.1, L. reuteri JF745115.1, L.
reuteri EU626022.1, and L. reuteri EU626020.1.

RESULTS

A total of 46 isolates that showed typical characteristics of
Lactobacillus bacterial colonies (circular or slightly irregular
shape, flat, convex, or umbonate surface, white or creamy-white
in colour), obtained from all five contents of chicken intestine
were picked, cultured and purified.
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Acid tolerance

Table 3 shows the ODeoo of the 15 isolates that had been cultured
in MRS broth overnight. The 0 h (control) sample was taken
immediately after mixing with the buffer. After 1 and 2 h mixing,
at pH 1, all isolates showed negligible, growth, except for isolate
C1 3.1.4 compared to the control (0 h).

After 3 h of mixing, all isolates did not show any growth. These
results indicated that all isolates were susceptible to pH 1, except
for isolates C1 3.1.4 that could withstand pH 1 for 2 h of
incubation. Isolate CI 3.2.1 showed the highest growth, while
isolate CI 4.2.1 had the lowest growth at 0 h.

Table 3. Growth of Lactobacillus isolates after mixing with PBS buffer
pH 1 for0, 1,2 and 3 h.

ODg¢oo reading
Isolates pH1.0
Control lh 2h 3h
CIl.1.2 1.60+£0.01*  0.01£0.00° 0.02+0.00* 0.05+0.01°
CI1.2.1 1.26+£0.00°  0.00£0.00° 0.01+0.00* 0.01+0.00°
CI1.3.1 1.68+0.02*  0.01£0.01° 0.01£0.00* 0.01+0.01°

CI1.3.2 1.44+0.08"  0.04£0.00° 0.02+0.01*  0.02+0.00°
CI2.1.3 1.61£0.00°  0.01£0.00° 0.00+0.00°  0.00+0.00°
CI2.23 1.66+£0.02*  0.02£0.00° 0.01£0.01*  0.00+0.00°

CI3.1.1 1.71£0.01*  0.02+£0.00° 0.00+0.00*  0.00+0.00°
CI3.1.4 1.77£0.00°  1.79£0.00* 1.78+0.00° 0.02+0.00°
CI3.1.5 1.74£0.01*°  0.03£0.00° 0.04+0.00* 0.02+0.00°
CI3.2.1 1.83+£0.01*°  0.01£0.00° 0.02+0.00* 0.02+0.00°
CI3.3.1 1.35+£0.01*°  0.02£0.00° 0.03+0.01* 0.02+0.01°
Cl4.1.2 1.68+£0.00°  0.32+0.02° 0.00+0.01°¢ 0.01£0.01¢
Cl4.2.1 1.05+£0.01*°  0.01£0.01° 0.01£0.00*  0.00+0.00°
CIS5. 1.1 1.79+0.01*°  0.00£0.01°  0.00+0.00* 0.00+0.01°
CI53.1 1.58+0.03*  0.00+0.00° 0.00+0.01* 0.010.01°

Note:

Values are means+standard error (n=3) Means within a column with different superscripts letters
are significantly different (P<0.05). Isolates were mixed with PBS buffer pH 1 for 0 (control),
1,2 and 3 h before culturing in MRS broth overnight. Control samples were taken immediately
after mixing with the buffer.

Table 4 shows the ODeoo of the 15 isolates that had been cultured
in MRS broth overnight after mixing with PBS buffer pH 2.0, for
0. 1,2 and 3 h. The 0 h (control) sample was taken immediately
after mixing with the buffer. The results showed that many
isolates (CI'1.3.1,CI'1.1.2,CI 1.3.2, CI 3.1.4 and CI 3.1.5) could
survive in pH 2 PBS buffer for up to 3 h. Isolates number CI
3.2.1 showed the highest OD reading at 0 h, whereas isolate CI
4.2.1 showed the lowest reading. Other bacterial isolates could
not survive after 1 to 3 h of mixing with the buffer.

Table 4. Growth of Lactobacillus isolates after mixing with PBS buffer
pH2 for0, 1,2 and 3 h.

ODsoo reading
Isolates pH2.0
Control lh 2h 3h
CI1.1.2 1.81£0.01* 1.83£0.01*° 1.71£0.01°® 1.60+0.01¢
CI1.2.1 1.40+0.01* 1.31£0.00° 0.02£0.01°  0.01£0.00°

CI1.3.1 1.72+0.00* 1.75£0.00*® 1.76+0.01*  1.70+0.00*
CI1.3.2 1.81£0.01* 1.83£0.01*° 1.71£0.01°® 1.60+0.01¢
CI2.1.3 1.65£0.01* 1.65+0.01*° 1.53£0.01°® 1.51+0.03°

CI2.2.3 1.64+0.01* 0.00+0.00° 0.01£0.00° 0.01+0.01°
CI3.1.1 1.78+0.01* 1.01£0.01° 0.02£0.01°  0.00+0.01¢
CI3.1.4 1.77+0.01* 1.82+0.01*° 1.73£0.01*  1.67+0.00°
CI3.1.5 1.74+0.00* 1.75+0.00° 1.74+£0.00*° 1.68+0.01°
CI3.2.1 1.88+0.01* 1.84+0.01*° 1.84+0.00* 0.00+0.01°
CI3.3.1 1.58+0.00° 1.38+0.01° 1.33£0.01® 1.31+0.01°
Cl4.1.2 1.71%0.01* 1.69+0.00° 1.43+0.02° 1.40+0.01°
Cl4.2.1 1.28+0.01* 0.01£0.01° 0.01£0.01® 0.01+0.01°
CI5.1.1 1.81£0.01* 1.63+0.01° 0.01£0.00° 0.02+0.01¢
CI5.3.1  1.8440.00° 0.01£0.00° 0.01£0.00°  0.01%0.00°

Note:

Values are means+standard error (n=3) Means within a column with different superscripts letters
are significantly different (P<0.05). Isolates were mixed with PBS buffer pH 2 for 0 (control), 1,2
and 3 h before culturing in MRS broth overnight. Control samples were taken immediately after
mixing with the buffer.

Table 5 shows the ODgoo of the 15 isolates that have been
cultured in MRS broth overnight after mixing with pH 3.0 PBS
buffer, for 0 h (control), 1 h, 2h and 3 h. The control sample was
taken immediately after mixing with pH 3.0 PBS buffer. Most
isolates could withstand PBS buffer pH 3.0. Isolates number CI
1.1.2,C11.3.1,Cr2.1.3,Cr3.1.1,Cr3.1.5,Cr3.2.1 and CI 5.1.1
showed high survival rate after 3 h of mixing with PBS buffer pH
3.0. Other isolates showed varying ability to withstand pH 3 at
different mixing periods. Among the isolates, isolate CI 1.1.2,
CI1.3.2,CI3.1.1. CI 3.2.1 CI 5.1.1 and CI 5.3.1 showed OD
reading of >1.80 at 0 h. The lowest OD reading was shown by
isolate C14.2.1.

Table 5. Growth of Lactobacillus isolates after mixing with PBS buffer
pH3 for0, 1,2 and 3 h.

ODgoo reading
Isolates pH3.0
Control lh 2h 3h

CI1.1.2 1.88+0.01* 1.85+0.01* 1.86+0.02* 1.84+0.01°
CI1.2.1 1.44+£0.00*° 1.35+0.00* 1.32+0.01° 1.26+0.00°
CI1.3.1 1.72+£0.00° 1.76+0.01* 1.75+£0.01* 1.75£0.01*
CI1.3.2 1.85£0.01* 1.82+0.00° 1.83+0.00° 1.71+0.00°
CI2.1.3 1.68+0.00° 1.66+0.00° 1.71+0.01* 1.69+0.01°
CI2.2.3 1.65£0.01* 1.64+0.02* 1.62+0.01*° 1.58+0.01°
CI3.1.1 1.88+0.01* 1.85+0.01* 1.86+0.02* 1.84+0.01°
CI3.1.4 1.79+0.01* 1.63+0.01® 1.72+0.01°> 1.78+0.02*
CI3.1.5 1.74+0.01* 1.77+0.01* 1.72+0.01* 1.75+0.03"
CI3.2.1 1.89+0.00° 1.86+0.01* 1.85+0.00° 1.86+0.00°
CI3.3.1 1.46+0.00° 1.41£0.00° 1.29+0.00° 1.27+0.01°
Cl4.1.2 1.75£0.01* 1.75%0.01* 1.42+0.01° 1.40+0.00°
Cl4.2.1 1.27+0.01* 1.28+0.01*° 1.16+0.04°> 1.04+£0.01°
CI5.1.1 1.81+0.01* 1.82+0.01* 1.84+0.02* 1.84+0.00°
CI5.3.1  1.85£0.01* 1.82+0.00° 1.83+0.00° 1.71+0.00°

Note:

Values are means+standard error (n=3). Means within a column with different superscripts letters
are significantly different (P<0.05). Isolates were mixed with PBS buffer pH 3 for 0 (control), 1,2
and 3 h before culturing in MRS broth overnight. Control samples were taken immediately after
mixing with the buffer.

Bile Tolerance

Table 6 shows the ODgoo of the 15 isolates that have been
cultured in MRS broth overnight after mixing with MRS broth
with or without bile salt for 1 h, 2 h 3 h and 4 h. The results
showed that all isolates could withstand the presence of bile salts
after 4 h of mixing. Isolate CI 3.2.1 showed the highest OD
reading after 4 h of mixing with bile salt. Isolate CI3.3.1 showed
the lowest growth.

Table 6. Growth of Lactobacillus isolates after mixing with MRS broth
containing bile salts for 0, 1, 2 and 3 h.

ODsoo reading
Isolates Without bile With bile salt
salt lh 2h 3h 4h

CI1.1.2  1.79£0.00* 1.76+0.02* 1.78+0.01* 1.79+0.01*  1.80+0.01*
CI1.2.1  1.73£0.03* 1.77£0.00* 1.77+0.00* 1.77+0.00*  1.78+0.00*
CI1.3.1 1.76£0.01* 1.73£0.02* 1.75+0.01* 1.74+0.02*  1.78+0.01*
CI1.3.2 1.67+0.01° 1.64+0.00° 1.65+0.00° 1.66+0.00°  1.74+0.01°
CI2.1.3  1.72+0.01* 1.72+0.00* 1.72+0.01* 1.74+0.02*  1.73+0.00*
CI2.2.3 1.78+0.01* 1.75¢£0.01* 1.77+0.01* 1.78+0.01*  1.79+0.01*
CI3.1.1  1.83+£0.04* 1.78+0.05" 1.76+0.03% 1.77+0.03>  1.79+0.02°
CI3.1.4  1.754£0.00* 1.72+0.00* 1.71+0.00* 1.72+0.00*  1.72+0.00*
CI3.1.5 1.85+0.05* 1.90+0.03* 1.91+0.05* 1.92+0.03*  1.92+0.03"
CI3.2.1 1.74+0.01* 1.74+0.01* 1.75+0.00* 1.77+£0.01*  1.77+0.00*
CI3.3.1 1.33+0.02* 1.26+0.02° 1.26+0.05° 1.24+0.11°  1.27+0.12°
CI4.1.2  1.45+0.13° 1.30+£0.01¢ 1.58+0.05> 1.73+0.02*  1.75+0.02°
CI4.2.1  1.79£0.01* 1.754£0.00* 1.76+0.01* 1.77+£0.01*  1.79+0.01*
CIS.1.1  1.84+0.01* 1.81+0.01* 1.82+0.00* 1.83+0.00*  1.85+0.01*
CI5.3.1  1.7740.00° 1.7540.02* 1.75+0.01* 1.72+0.02*  1.70+0.01*

Note:

Values are means+standard error (n=3). Means within a column with different superscripts letters
are significantly different (P<0.05). Isolates were mixed with MRS broth containing bile salts for
1, 2, 3 and 4 h before culturing in MRS broth overnight.
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Adherence assay

The isolates showed varying ability to adhere to the Caco-2 cells.
As shown in Table 7, isolate CI 3.1.4 showed the best ability to
adhere with 25.4+0.13 bacteria attached per cell, followed by
isolate CI 2.1.3. with a score of 20.3+0.47 per cell. The lowest
score was observed for isolate CI 3.1.5 with a score of 4.45+0.43
per cell. Lactobacillus fermentum HM3 (from human milk)
showed significantly (P<0.05) lower adhesion score compared to
other isolates from chicken intestine. Only the best 3 isolates
were selected for further study.

Table 7. Adhesion of cells of Lactobacillus isolates to Caco-2 cell.

Isolates Isolation site Adhesion score
(Lactobacillus cells

per Caco-2 cell)
CI1.1.2 Chicken intestine 9.75+0.45¢
CI1.3.1 Chicken intestine 12.3+0.46¢
CI2.1.3 Chicken intestine 20.3+0.47°
CI3.1.4 Chicken intestine 25.4+0.13*
CI3.1.5 Chicken intestine 4.45+0.43¢°
L. fermentum Human milk 5.45+0.38°

HM3
"Values are means+standard error (n=3) of adhesion scores. Means within a column with different
superscripts letters are significantly different (P<0.05).

Antagonistic effects

The results of antagonistic effects of the 3 isolates against 6
pathogenic strains are shown in Table 8. All 3 isolates and
reference strain (L. casei Shirota) showed antagonistic effects
against all pathogens strain tested with variable inhibition zones.
L. casei Shirota strain showed significantly higher (P<0.05)
inhibition zone against E. coli, C. perfringens, and E. faecalis
(E227) compared to all other isolates. Isolate CI 1.3.1 showed
larger inhibition zones against Salmonella enterica serovar
Typhimurium, E. faecium (FM3) and E. faecalis (E227)
compared to the other isolates. All isolates showed high
inhibition (value > 6mm) against E. coli 078:K80 and S.
typhimurium.

Antibiotic susceptibility test

Table 9 shows the susceptibility of minimal inhibitory
concentrations (MIC) for all 3 Lactobacillus isolates against
eight antibiotics. All 3 Lactobacillus isolates including the
reference strain (L. casei Shirota) exhibited MIC values equal or
lower than the MIC breakpoints of Lactobacillus spp.
recommended by the EFSA on all antibiotics; gentamicin,
kanamycin,  streptomycin, tetracycline,  erythromycin,
clindamycin, chloramphenicol and ampicillin.

Table 8. Antagonistic effects of the isolates against pathogens.

Inhibition zone (mm)
Salmonella

. . Salmonella
Isolates  E. coli enterica . C. perfri- enterica E. faecium E. faecalis
078:K80 Tse“;lv.ar T”ge”‘; serovar  (FM3)  (E227)
yphum- (Type A) Enteritidis
urium

CI1.3.1 6.75£0.257.83+0.14 5.08+0.38°6.50+0.44* 5.67+0.19"5.75+0.28"
CI2.1.3 6.25+£0.258.50+0.15 5.17+0.17°5.24+0.13> 4.92+0.26°5.17+0.27"
CI3.1.4 6.17£0.27°8.42+0.19 4.58+0.31°5.25+0.13> 4.25+0.13°5.00+0.12¢

L casel 5 63.10.178.50£0.15  8.5040.15°6.17£0.21° 5.08+0.08"7.25+0.13°
Shirota

Note:

Values are means + standard error of 3 replicate plates with 3 spots each Means within a column
with different superscripts letters are significantly different (P<0.05). Inhibition category: value
< 2mm = no inhibition; value < Smm = low inhibition capacity; value > 6mm = high inhibition
capacity (Carasi et al., 2014).

Table 9. Minimal Inhibitory Concentration (MIC) for antibiotic
susceptibility of Lactobacillus isolates.

Isolate/ MIC (mng L)
Antibiotic Cl1.3.1 CI2.1.3 CI3.14 2L. casei Shirota
(ng/mL) 3Break 3Break Brea 3Break

point  MIC point MIC kpoint MIC point  MIC
Gentamicin 16 <8 16 <4 8 <8 32 <16
Kanamycin 64 <4 64 <32 64 <32 64 <16
Streptomycin 64 <64 64 <8 64 <64 64 <4
Tetracycline 8 <2 8 <4 16 <16 4 <4
Erythromycin 1 <l 1 <l 1 <l 1 <l
Clindamycin 1 <l 1 <l 1 <l 1 <l
Chloram-
phenicol 4 <l 4 <2 4 <4 4 <l
Ampicillin 4 <4 4 <1 4 <2 4 <2

Note:

"Values in each column are the MIC of each isolates from two experiments with 3 replicates each.
2Reference strain

3Values in each column represent the breakpoint of each isolates provided by EFSA for facultative
heterofermentative Lactobacillus strains.

Identification of Lactobacillus isolates using 16S rRNA gene
sequencing

The results of comparative 16S rRNA gene analysis (Table 10)
showed all the 3 isolates belonged to the genus Lactobacillus.
Isolates CI 1.3.1 and CI 2.1.3 were 99% similar to the L.
salivarius while CI 3.1.4 was 99% similar to L. reuteri. The 16S
rRNA gene sequences of the 3 Lactobacillus isolates were
deposited in the GenBank database under the accession numbers
MH375403, MH375402, and MH375404 for isolates CI 1.3.1, CI
2.1.3 and CI 3.1.4 respectively.

Phylogenetic analysis based on 16S rRNA gene

Fig. 1 shows the phylogenetic tree based on 16S rRNA gene
sequence analysis, depicting the phylogenetic relationships
among the 3 Lactobacillus type strains obtained from the
GenBank. Strains CI 3.1.4 was clustered together with L. reuteri
JF745115.1 (bootstrap value of 100%). Strain CI 1.3.1 and CI
2.1.3 were clustered together with Lactobacillus sp. EU600923.1
and L. salivarius AB612967.1 with a bootstrap value of 99%.

Table 10. Identification of Lactobacillus isolates using 16S rRNA gene
sequencing.

Isolates Accession number Nearest Similarity (%)
matched
species from
GenBank
CI1.3.1 MH375403 L. salivarius 99%
CI2.1.3 MH375402 L. salivarius 99%
CI3.14 MH375404 L. reuteri 99%

Similarity values were determined using Basic Local
Alignment Tool (BLAST) of the GenBank (NCBI). Sequences
with > 97% similarity to the previously published sequences were
used as the criterion to indicate species identity.
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L il livarius FJ751785.1
L il livarius FJ751782.1
L il livarius FJ761784.1
80 Lactobacillus salivarius FJ751780.1
Lactobacillus salivarius FJ751779.1
L il livarius FJ751787.1
97 — Lactobacillus sp. EU600923.1
L Lactobacillus salivarius AB612967.1
Ci314
L illus reuteri KC348394.1
Lactobacillus reuteri EU626021.1
Lactobacillus reuteri EU626015.1
Lactobacillus reuteri EU626022.1
Lactobacillus reuteri EU626020.1
L illus reuteri JF745115.1
L lactis subsp. lactis AB100803.1

82

Fig. 1. Phylogenetic tree based on 16S rRNA gene sequence analysis
depicting the phylogenetic relationships among species of the genus
Lactobacillus using Neighbor-Joining method [13]. The analysis
involved 17 nucleotide sequences including 3 sequences of strain
obtained from this study and 14 sequences belong to Lactobacillus
species obtained from GenBank (NCBI). Bootstrap values above 50%
are indicated at the nodes of the tree. Lactococcus lactis subsp. lactis
AB100803.1 as outgroup. The scale bar represents 0.020-nucleotide
substitute per position.

DISCUSSION

Most isolates could withstand pH 2 and 3 with varying levels of
survival rate depending on the periods of exposure. The tolerance
to acidic conditions is important to ensure their survival in the
acidic condition of the GIT (pH 1.5 to 2.0). [14] also reported that
20 Lactobacillus isolates from chicken and calves showed high
survival percentage (48% to 85%) when incubated for 4 h with
MRS broth pH 2.5. Lactobacillus or any other microorganisms
that have been strictly exposed to acidic conditions are more
likely to adapt and could withstand acidic stress [15].

Gram-positive bacteria possess multiple acid resistance
systems which help them to overcome the stress due to acidic
conditions. The most common mechanism includes the usage of
proton pumps, the protection of macromolecules, cell membrane
changes, production of alkali, induction of pathways by
transcriptional regulators, and alteration of metabolism [16].
These mechanisms overcome the negative impact of a reduction
in cytoplasmic pH, which can include loss of activity of the
relatively acid-sensitive glycolytic enzymes in the energy
metabolic pathway and structural damage to the cell membrane
and macromolecules such as DNA and proteins [16].

Fifteen isolates treated with 0.3% bile salt could survive for
1 h, 2 h, 3h, and 4 h of exposure. [14] also reported 20 isolates
showed 52% to 91% survival rate after 4 h exposure to 0.3% bile
salts. The concentration of bile salts used in these studies was
within the physiological concentration of bile salt in the
gastrointestinal tract [14]. [17] reported that out of 90 isolates
derived from swine intestine, only 16 isolates showed notable
survival rate to low pH and bile salt presence up to 6 h incubation.
Bacterial response to bile is dependent on a variety of processes
addressed towards detoxification of bile and counteracting the
deleterious effect on bacterial structures. The mode of action
includes active efflux of bile acids or bile salts [18], bile salt
hydrolysis by hydrolyses [19], and changes in the architecture or
composition of cell membrane and cell wall [20]. In addition,
general stress response, protection against oxidative damages, as
well as glycolytic reorganizations are other common
consequences of bile exposure, that might be employed to
counteract some of the cellular damage caused by these
compounds.

The ability to tolerate low pH and the presence of bile salts
are important criteria to consider in evaluating LAB as probiotics
[21]. In the present study, four isolates (CI 3.1.4, CI 2.1.3, CI
1.3.1 and CI 1.1.2) showed higher cells adhesion index than the
reference strain L. fermentum HM3. A study conducted by [22]
showed that the percentage of adhesion of L. curratus was 16%
compared to 7% by the L. rhamnosus GG as control strain. [23]
discussed that the adhesion score varied depending on the source
of LAB isolates. A commercial reference strain L. casei Shirota
had adherence ability of 13.1 to 19.7 attached bacteria per cell,
while L. fermentum which was isolated from human milk had an
average of 37.7 per cell. Adhesion to cell is another important
criterion in selecting probiotic candidates as it is necessary for
the cells to adhere to the intestinal lining for colonization.
Probiotic colonization confers protection and microbial balance
in the GIT of the host [24]. The adhesion index or score by using
Caco-2 cells as an in vitro model for the ability to adhere to
intestinal cells is known to have a good correlation to in vivo
results [22].

In the antagonistic effect evaluation, the pathogenic strains
chosen are commonly detected as the causal agents in poultry
infection. All three isolates and the reference strain (L. casei
Shirota) exhibited antimicrobial properties towards all
pathogenic strains tested. This ability conferred the probiotic
characteristic of the LAB. Various reports showed that most
Lactobacilli possess antimicrobial potential against different
foodborne pathogens [25]. However, not all LAB possesses
antimicrobial activity as Aka-gbezo et al. [26] observed that only
9 LAB isolates from fermented maize showed inhibitory effect
against E. faecium and E. faecalis, while 188 isolates did not
show any antimicrobial properties towards the pathogenic
strains. Degree of inhibition may differ among isolates as the
antimicrobial metabolites or bacteriocins productions of each
isolate differ [27]. The production of antimicrobial metabolites
such as organic acids, ethanol, diacetyl, bacteriocins or
proteinaceous substances by the LAB differ [27,25]. The
antagonistic capability of LAB is an important criterion besides
tolerance to the acidic and bile conditions and cell adhesion
ability. The probiotic candidates should be able to inhibit the
growth of bacteria associated with infections to overcome one of
the main loses of the poultry industry [27].

The determinations of minimal inhibitory concentrations
(MIC) of three isolates showed that all were susceptible to
antibiotics tested. As recommended by EFSA, isolates
susceptible to all antibiotics will not be subjected to any other test
for safety evaluation. These findings are in agreements with that
of [23] who reported that all 9 Lactobacillus isolates and
reference strain exhibited MIC value lower than that
recommended by the EFSA. In contrast to these findings, [28]
recorded that 6 of Lactobacillus isolates tested were considered
resistance to a particular antibiotic when MIC (png/mL) values
obtained were higher than the recommended breakpoint value.
Lactobacillus plantarum CES84, L. curvatus CE83, L. brevis
CE94, CE85 were resistant to clindamycin. Clindamycin is
usually used as antibiotics for anaerobic bacteria, or even Gram-
positive cocci such as Staphylococcus or Streptococcus. Three
Lactobacillus isolates obtained from the chicken intestines were
identified using 16S rRNA sequencing technique. Isolates CI
1.3.1 and CI 2.1.3 were identified as L. salivarius and isolate CI
3.1.4 as L. reuteri. Identification of bacterial species by using 16S
rRNA gene sequencing confirm their specific phylogenies [29].
[30] isolated 13 LAB that possessed the characteristics consistent
with Lactobacillus genus and identification was confirmed by
means of genomic DNA extraction and PCR analysis. The
isolates were identified as L. reuteri, L. vaginalis, L. johnsonii,
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and L. fermentum. In bacterial identification, morphological and
biochemical characteristics are not conclusive and molecular
techniques should be applied to confirm the species.

CONCLUSION

Fifteen out of 46 isolates showed good growth rate at 24 h
incubation with ODsoonm reading above 1.5. The isolates showed
the ability to survive acidic condition of pH 2 and 3 (after 3 h
exposure) and the presence of 0.3% bile salts (after 4 h exposure).
Four isolates showed higher adhesion score of more than 10 cells
per Caco-2 cell. Three isolates selected showed antagonistic
activity against pathogenic strains. Identification of these
isolates by using 16S rRNA gene sequencing technique, showed
99% similarity of CI 1.3.1 as L. salivarius, CI 2.1.3 as L.
salivarius and CI 3.1.4 as L. reuteri with accession number
MH375403, MH375402, and MH375404, respectively.
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