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Probiotics are live microorganisms that, when administered in adequate amounts, confer health benefits to
the host. This study was conducted for the isolation of potential lactic acid bacteria (LAB) with probiotic
properties from goat milk and yogurt. Several tests were conducted in vitro using the standard procedures
for evaluating the inhibitory spectra of LAB against pathogenic bacteria; tolerance to NaCl, bile salt, and
phenol; hemolytic, milk coagulation, and bile salt hydrolase activities; gastrointestinal transit tolerance;
adhesion properties; and antibiotic susceptibility. Among 40 LAB strains screened according to culture
characteristics, five isolates exhibited antagonistic properties. Three were identified as Pediococcus acidi-
lactici, and two were identified as Enterococcus faecium, exploiting 16S rRNA gene sequencing. All the iso-
lates succeeded in the gastrointestinal transit tolerance assay and successively colonized mucosal
epithelial cells. Based on the results of these in vitro assays, both P. acidilactici and E. faecium can be con-

sidered as potential probiotic candidates.
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Introduction

Probiotic is defined as live microorganisms posses aus-
picious health benefit when administered in sufficient
amounts to the host [1]. Promising probiotic strains con-
stitute a significant part of lactic acid bacteria (LAB)
group and these probiotics are persistent in milk and
milk-derived products [2] and are also omnipresent in
the animal, human gastrointestinal tracts, traditional
fermented foods as well as overall environment [3]. LAB,
predominant in raw goat milk, when picked, contributes
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to the highest functional value [4]. Moreover, the promo-
tion of human health via functional food like probiotic
milk, yogurt, cheese is in high demand [5]. To get the
medicinal benefit from processed foods, the numerical
value of probiotic bacteria should be within a limit of
10-107 CFU/g or 108-10° CFU/100 g or 100 ml of daily
food consumption [6]. Enterococci belong to the commen-
sal microbiota of human and animals and commonly
occur in dairy products, fish and seafood [7]. Seemingly,
Enterococci play a vital role in various fermented foods,
including dairy and vegetable products through proteol-
ysis, lipolysis, exopolysaccharide production and citrate
breakdown [8]. Some Enterococci produce a wide range
of bacteriocins called enterocins, considered to use as
natural additives for preserving food by extending their
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shelf life and inhibiting the proliferation of bacteria in
food products [9]. Pediococcus acidilactici also has sev-
eral exciting properties including resistance to heat, pH,
cold, proteolytic treatments, and the capacity for the pro-
duction of pediocin as an antimicrobial peptide with
anti-listerial activity, which makes it enthralling as a
food bio-preservative [10].

Probiotics possess inhibitory activities on the growth
of pathogenic bacteria. The altered pH values by produc-
ing organic acids, producing bacteriocin, producing
hydrogen peroxide, and competitive adhesion to the epi-
thelium could result in the inhibitory effect which exerts
probiotic activity [11]. The effective probiotic microor-
ganisms should be safe, viable, antimicrobial character-
istics, acid, bile salt, and gastric juices tolerant, able to
survive through the gastrointestinal tract, adherence to
intestinal epithelial cells [12]. Moreover, the capability
of a bacterial strain to adhere to the digestive tract is a
prerequisite for colonization [13]. In the recent past, var-
ious investigations on lactic acid bacteria have reported
a wide range of health stimulating properties inducing
the host gut microbial balance [14, 39].

Therefore, the present study aims at isolation, charac-
terization and, identification of probiotics from natural
goat milk and milk products with an assessment of these
strains as a potential probiotic candidate.

Materials and Methods

Isolation of lactic acid bacteria (LAB)

Five raw Black Bengal goat milk samples were col-
lected from lactating goats, and five yogurt samples
were purchased from different dairy shops in Jashore
District, Bangladesh. After aseptic collection, the sam-
ples were transported in a transportation box and stored
at four-degree centigrade (4C) to protect deterioration
and contamination.

For isolation, sample (10 ml or 10 g) were homoge-
nized in 90 ml MRS (de Man, Rogosa and Sharpe agar;
Himedia, India) broth for enrichment at 37°C for 24 h in
shaking incubator (Model:SI-100R, Korea). After enrich-
ment streaking was carried out on MRS (Himedia) agar
media following a 48 h incubation period at 37C. After
incubation, representative colonies were randomly puri-
fied by successive re-streaking. Gram-positive and cata-
lase-negative isolates were preliminarily considered as
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possible LAB. Finally, pure cultures of LAB isolates
were stored at -80C. The strains were further character-
ized for probiotics properties and safety issues.

Identification of lactic acid bacteria

Based on antagonistic activity, five isolates were used
for 16S rRNA gene sequencing similarity and phyloge-
netic analysis. In brief, from fresh bacterial culture
(< 10° cells/ml), the chromosomal DNA of the isolates
were extracted using ATP™ Genomic DNA Mini Kit
(ATP Biotech Inc., USA). The 16S rRNA gene was fur-
ther amplified using the universal primers: 27F (5'-
AGAGTTTGATCCTGGCTCAG-3), 1492R (5-GGT-
TACCTTGTTACGACTT-3) by polymerase chain reac-
tion [15]. The PCR reaction was conducted at 96C for
5 min and then continued with the denaturation at 94C
for 1 min 30 s, annealing at 55 for 1 min and extension
at 72°C for 1min 30 s for a total of 35 cycles followed by a
final extension of 10 min at 72°C. The 16S rRNA gene
PCR products of the isolates were purified with the Wiz-
ard PCR SV Gel and PCR Clean-Up System kit
(Promega, USA) and sequenced (ABI Prism 3130
Genetic Analyzer, USA) using forward 27F and reverse
1492R primers. Partial sequences were combined via the
SeqMan Genome Assembler (DNAstar, USA) and were
compared to the GenBank database of the National Cen-
ter for Biotechnology Information (NCBI) (http:/
www.ncbi.nlm.nih.gov/GenBank) by Basic Local Align-
ment Search Tool (BLAST) to identify close phylogenetic
relatives. Multiple sequence alignment of the retrieved
reference sequences from NCBI was performed using
ClustalW [16] software and was exported to the Molecu-
lar Evolutionary Genetics Analysis MEGA.4) [17] pro-
gram for phylogenetic tree construction using the
Neighbor-joining algorithm and selecting 1000 bootstrap
replication. Isolates sequences used for the cladogram
construction were deposited in GenBank with accession
numbers (MH656745.1-MH656749.1).

Determination of the properties of probiotic potentials
Determination of antagonistic activity of isolated LAB.
Once pure cultures were obtained, antagonistic activity
was determined against different enteric pathogens.
Eight different strains including Salmonella Typh-
imurium ATCC 14028, Salmonella Enteritidis ATCC
13098, Escherichia coli ATCC 10536, E. coli O157:H7



ATCC 43894, Enterococcus faecalis ATCC 29212, Liste-
ria monocytogenes ATCC 19113, Vibrio cholerae (0O1),
Shigella flexneri weres elected for antagonistic assay.
Overnight well-grown cultures of the isolates were cen-
trifuged (DAIHAN Scientific Co. Ltd; Model: CF-10,
Korea) at 12000 revmin™! for 14 min. The resultant Cell-
free Culture Supernatant (CFCS) was filtered by using
0.2 (mm) Chromafil® syringe filters (MACHEREY-
NAGEL, Germany).

Antagonistic activity was performed by agar well dif-
fusion method described by Tulumoglu et al. [18]. Then
actively growing overnight cultured test strains (~10°
CFU/ml) (OD 0.125 in 550 nm) was swabbed followed by
placing 100 pl CFCS into 6 mm wells of agar and incu-
bated at 37C for 24 h and the zone of inhibition was
measured.

Effect of bile salts on LAB growth. Tolerance to bile was
assayed by growing the isolates in broth, following the
procedure reported by Ramos et al. [19]. The growth
rates of the strains were estimated in MRS broth
medium supplemented with 0.3% bile salt. Overnight
grown cultures were inoculated (1%) into the liquid
medium and incubated at 37°C for up to 4 h. Absorbance
at 600 nm was measured every hour of incubation
through UV-VIS spectrophotometer (Model: T60UV, PG
Instruments Ltd., UK).

Qualitative bile salt hydrolase (BSH) activity test. To per-
form qualitatively salt hydrolase activity of selected iso-
lates were performed according to Huang et al. [20]. For
this test, LAB isolates were streaked on MRS agar
which contains 0.5% (w/v) taurodeoxycholic acid sodium
salt (TDCA; Sigma, USA) and 0.037% calcium chloride,
and incubated anaerobically at 37C for 72 h in an anaer-
obic jar. Precipitated zones of hydrolyzed salts around
the colonies were counted as a positive result.

Milk coagulation test. Milk coagulation test was per-
formed according to Chettri and Tamang [21]. After
overnight 1.5 ml of LAB culture was centrifuged (12000
xg, 4C, 7 min) and harvested cells were washed two
times with PBS (pH 7.2, 0.1 phosphate buffer, 0.8%
NaCl) and mixed with 15 ml of sterilized cow milk.
Afterward, the mixture was incubated overnight at 37C
and the formation of clot was observed.

Probiotic Potential of Indigenous Yogurt and Goat Milk 278

NaCl concentration effect on LAB growth. The effect of
NaCl on LAB growth was conducted according to the
methodology defined by Abbasiliasi et al. [22] with little
modification. For determining NaCl tolerance, all the
isolates were grown in MRS broth with adding a differ-
ent concentration of NaCl (1-10% w/v) and bromocresol
purple. The broth was inoculated with 1% (v/v) over-
night culture of the isolates and incubated at 37C for
24 h. After incubation, their growth was evaluated,
determined by a color change from purple to yellow.

Effect of temperature on LAB growth. For performing
the effect of temperature on selected LAB isolates,
freshly grown overnight cultures were inoculated (1% v/v)
into MRS broth and incubated for 24 h at varying tem-
perature ranges (4°C, 25C, 37TC, 45T, or 55C) [22].

Phenol concentration effect on LAB growth. Phenol tol-
erance experiments were performed by inoculating 1% of
fresh overnight cultures into MRS broth containing dif-
ferent concentration (0.1-0.4% (w/v) of phenol described
by Aswathy et al. [23]. After overnight incubation at
37T, the concentration of bacterial cells was measured
using UV-VIS spectrophotometer at the absorbance (A) at
600 nm.

Adhesion assay to ileum mucosal epithelium. Chicken
colonization studies were performed as described previ-
ously. Flanagan et al. [24] with minor modification. The
intestine was dissected from the chicken and washed
with Phosphate Buffer Saline (Sigma-Aldrich) to remove
the ingesta from the mucosal surface. It washed for sev-
eral times with cold phosphate buffer saline and cut into
small pieces (1 X 1 cm?), that soaked into LAB suspen-
sion (~10% CFU/ml) with the intention to incubation at
37T for 90 min. A single cutting piece of soaked intes-
tine was removed at different time intervals 0, 30, 60,
and 90 min to check the adhesion capability by viable
count method. Then the small piece of intestine was
washed with PBS to remove the non-adhesive bacteria
from the surface, grinded and mixed it in a small volume
of PBS to make a solution. The solution then serially
diluted and 0.1 ml of it was transferred on MRS agar
plates. Bacterial colonies were calculated following the
incubation period of 24 h at 37°C.
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In vitro gastrointestinal transit tolerance assay. Accord-
ing to Huang and Adams [25], simulated gastric juice
was prepared by suspending glucose (NaCl 2.05 g/l,
3.5 ¢/, CaCly 0.11 g/l, KHyPO,4 0.60 g/1, KCI 0.37 gfl),
adjusted to pH 2.0. Then the gastric juice solution was
supplemented with 0.05 g/l bile (Liofilchem, Italy), 0.1 g/l
lysozyme (Ameresco, USA), and 13.3 mg/l pepsin (Loba-
loChemie) as stock solutions prior to analysis. A single
colony of probiotic LAB was impregnated into MRS
broth and incubated whole night at 37C. 1 ml sample
was taken and centrifuged (7000 xg, 4°C, 15 min). After
two times washing of pellet in sterile Phosphate-Buffer
Solution and re-suspended in 5 ml of simulated gastric
juice (with & without lysozyme), it was further incu-
bated at 37C for 90 min with constant stirring by using
shaking incubator (Model: SI-100R, Korea). After that, 1
ml of different ranged diluted sample was spread on
MRS agar plates at different time interval (0, 30, 60, and
90 min). The viability of cell determined using the plate
count method, and the results were expressed as log
CFU/ml.

Safety analysis of the LAB strains

Haemolytic activity assay. Freshly grown bacterial cul-
tures were transferred on blood base agar (Oxoid,UK)
plates by streaking (containing 5% v/v of human blood)
and incubated at 37C for 24 h. The presence of clear
zone (B-haemolysis), green zone (a-haemolysis) or the
absence of zone (y-haemolysis) around the colonies indi-
cated the haemolytic activity [26]. o and y-haemolysis
were regarded as non-haemolytic, while blood lyses
zones around the colonies were considered as hemolytic
(B-hemolysis).

Antibiotic susceptibility assay. Antibiogram of the
strains followed the antibiotic disc diffusion method [22].
The antibiotic discs (Hi-media) tested were used at fol-
lowing concentrations: streptomycin (10 ug), gentamycin
(10 ug), chloramphenicol (30 ug), vancomycin (30 ng),
ciprofloxacin (10 ug), amikacin (30 pug), Azithromycin
(15 pg), ceftriaxone (30 pg), norfloxacin (30 ug), cefaclor
(30 ug) chosen recommended by the European Food
Safety Author (EFSA, 2012). After overnight growth in
MRS broth at 37°C and diluted to match with 0.5 McFar-
land standards, the diluted culture (approximate 107
viable cells) was cotton swabbed onto Mueller-Hinton
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Agar (MHA) medium (Liofilchem), and antibiotic discs
were applied onto the surface. After incubated at 37T
for 24 h, the zone diameters (mm) were measured
(including the antibiotic disc) to determine susceptibility
based on the CLSI standard (2012).

Statistical analysis. Using GraphPad Prism Version 6
(GraphPad Software, USA) the data analyses were per-
formed. To determine remarkable effects, all of the
experiments were independently repeated three times.
One way ANOVA and Two-way ANOVA (ANOVA, Anal-
ysis of variance) used to study the significant difference
between the mean of various experiments and a value,
p <0.05 has been considered as a significant effect.

Results and Discussion

Isolation and identification of LAB

Milk and dairy products are used as the source of pro-
biotics from the beginning of probiotics history. From 10
goat milk and traditional yogurt samples, 40 LAB
strains (20 from goat milk and 20 from yogurt) were pri-
marily isolated from the selective MRS agar media. Use
of yogurt for its health benefiting nutrients and good
probiotics bacteria makes it an ideal food throughout the
world. Many researchers use probiotics as alternatives
to antibiotics for the treatment of digestive tract dis-
eases. Prior to identification, the isolates were primarily
screened for anti-pathogen activity by using cell free cul-
ture supernatant. Among the 40 strains, five of them
namely B.1, 12/1, 12/3, 13/1 and 14/1 showed antimicro-
bial activities against six enteric pathogens (out of eight
tested pathogens) (Table 1). Additionally, three isolates
showed the antimicrobial activity against Shigella
flexneri. except 12/1 and 14/1. Interestingly, all the
three isolates were identified as P. acidilactici (B.1, 12/3,
13/1). On the other hand, only the 12/1 isolates cell-free
supernatant demonstrates moderate antimicrobial
activity (inhibition zone <15 mm) against Vibrio chol-
erae O1. Greater antimicrobial activity against Entero-
coccus faecalis ATCC 29212 by the isolates named 12/3
and 13/1 (inhibition zone >16 mm) was observed. Out of
20 primarily selected isolates of goat milk, only Bl
showed antimicrobial activity. Goat milk is a highly
nutritious, easily absorbable probiotic riched ideal food
[27]. Its nutritional quality, bacterial diversity and other
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Table 1. Determination of antibacterial activity of cell free culture supernatant (CFCS) of isolates against target pathogens.
Lactobacillus acidophilus KACC 12419 used as positive control. Values of zone diameter represent the mean + SD.

Isolates designation and zone diameter (mm)

Microorganisms Lac.tobacfllus
B1 12/1 12/3 13/1 14/1 acidophilus
KACC 12419
Salmonella Typhimurium ATCC 14028 14+0 145+0.7 143+03 150 15.1+£0.1 1530
Salmonella Enterititidis ATCC 13098 13.5+0.7 135107 13.5+0.7 1425+0.3 14+0 14+0.2
Escherichia coli ATCC 10536 145+0.7 15.05+0.07 15.25+0.3 1510 1510 2140
E. coli O157:H7 ATCC 43894 1425+0.3 14+0 135+0.7 15+£0.7 15.1+£0.1 15+0.1
Enterococcus faecalis ATCC 29212 14+0 15+£0 16.25+0.3 16.25+0.3 15.15+0.2 13+£0.2
Listeria monocytogenes ATCC 19113 140 13.25+0.3 13.25+03 1525+03 14.15+£0.2 140
Vibrio cholerae O1 0 135107 0 0 0 0
Shigella flexneri 12+0 0 125+0.7 1310 0 0

health-benefiting factors made its as an ideal source for
probiotics. Probiotics from Goat milk proved potential as
a probiotic reported by de Moraes et al. [28] but this is
the first report of probiotic isolation from the Black Ben-
gal goat. Among the five isolates, only the B1 (P. acidi-
lactict) is isolated from the goat milk, thereby it can be
said that the raw goat milk is a good source of probiotics
bacteria. But, yogurt may contain a higher ratio (4:20)
with diversified bacterial spp. than the goat milk (1:20).
Selected five isolated strains were gram-positive, cata-
lase negative and cocci shaped. Their final identification
procedure followed the 16S rRNA sequencing similarity
and phylogenetic analysis. By using BLASTN, the nucle-
otide sequences of these PCR products (1500 bp) were
compared with the database of GenBank. The isolates
B.1, 12/3, 13/1 showed ~98% similarity with P. acidilactici

and 12/1, 14/1 showed ~98% similarity with E. faecium.
After 16S rRNA sequencing, the sequences were submit-
ted to GenBank for their accession number (MH656749.1,
MH656748.1, MH656747.1 for P. acidilacticc and
MH656746.1, MH656745.1 for E. faecium. Phylogenetic
tree construction was made using MEGA software and
the Neighbor-joining algorithm linked to 1000 bootstrap
replication (Fig. 1).

Determination of potential probiotic properties

Effect of bile salts on LAB growth. Bile salts pose a dele-
terious effect on living cells by damaging their cell mem-
[29],
resistance to bile salt is essential properties for probiotic

brane structure. According to Argyri et al.

bacteria that can persist and colonize in the small intes-
tine of the host to provide a beneficial effect. A strain can

KF973207.1 Pediococcus sp. DS-40 168 ribosomal RNA gene partial sequence

HM101329.1 Lactobacillus plantarum strain LBRH025 16S ribosomal RNA gene partial sequence

KM257692.1 Pediococcus lolii strain WVS325 168 ribosomal RNA gene partial sequence

KT275957.1 Pediococcus acidilactici strain S147b 16S ribosomal RNA gene partial sequence

MH656747.1 Pediococcus acidilactici strain 12/3 16S ribosomal RNA gene partial sequence

100

MHG656749.1 Pediococcus acidilactici strain B.1 16S ribosomal RNA gene partial sequence
MHG656748.1 Pediococcus acidilactici strain 13/1 16S ribosomal RNA gene partial sequence
JN592051.1 Pediococcus acidilactici strain KP10 16S ribosomal RNA gene partial sequence
— EU331311.1 Pediococcus damnosus strain Bpe294 16S ribosomal RNA gene partial sequence
100 L AB681216.1 Pediococcus parvulus gene for 165 rRNA partial sequence strain: NBRC 100673
100 | MH656746.1 Enterococcus faecium strain 14/1 16S ribosomal RNA gene partial sequence
MH656745.1 Enterococcus faecium strain 12/1 16S ribosomal RNA gene partial sequence

100 | | KJ508200.1 Enterococcus faecium strain s70 16S ribosomal RNA gene partial sequence
KJ156968.1 Enterococcus faecium strain NS18 16S ribosomal RNA gene partial sequence

I
0.010

Fig. 1. A neighbor-joining phylogenetic relationship with related species based on partial 16S rRNA gene sequence analysis.

September 2020 | Vol. 48 | No. 3



281 Sarkar et al.

A. Bile salt tolerance effect (0.3%)
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Fig. 2. (A) Tolerance of five isolated LAB strains and one positive control Lactobacillus acidophilus KACC 12419 in MRS broth
supplemented with 0.3% bile salt. The results are expressed as mean =+ SD of three independent experiments. Statistical signifi-
cance was determined with the help of one way ANOVA. *p < 0.05, **p < 0.01, ***p < 0.001, (B) Tolerance of the isolates to (0.1%-
0.4%) phenol. The results are expressed as mean + SD of three independent experiments. Statistical significance was determined
with the help of one way ANOVA. *p < 0.05, **p < 0.01, ***p < 0.001, (C) Adherence effect of the isolated probiotic candidates to
ileum mucosal epithelium. The results are expressed as mean * SD of three independent experiments. Statistical significance was
determined with the help of one way ANOVA. *p < 0.05, **p < 0.01, ***p < 0.001.

be only considered as probiotic when it will be able to
survive at 0.15-0.3% bile salt, which resembles the
human intestinal bile salt condition [30]. According to
the results, all five isolates along with Lactobacillus aci-
dophilus KACC 12419 survived at 0.3% bile salt concen-
tration but there growth rate varied over time. P.
acidilactict of goat milk isolates (B1) showed lowest
growth (OD = 0.7) after 4h of incubation at 0.3% bile
salt. On the otherhand P. acidilactici (12/3) from yogurt
showed the highest cell concentration (OD =1.1) com-
pared to the initial bacterial number (OD = 0.5) (Fig. 2A).

Bile salt hydrolase (BSH) activity is another vital
property for probiotics selection, which indicates the sur-
vival at a toxic level of bile salts [31]. All probiotic isolates
that showed antagonistic activity against pathogens also
displayed BSH activity (Table 2), which infers that iso-
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lates survived under toxicity of these salts and deconjuga-
tion of TDCA, and may help in their intestinal
colonization which is a significant finding of our study as
all isolates showed BSH activity. Unless proper coloniza-
tion, the probiotics can not confer its beneficiary effect to
the host. Similar results also reported by other authors,
where the isolates which were positive for BSH activity
showed greater tolerance to bile salt than the BSH nega-
tive strains [32].

Milk coagulation and hemolytic activities. The results of
the assessment of milk coagulation activity are summa-
rized in Table 2. Due to the association of lactic acid-
forming bacteria, all probiotic isolates coagulate the
milk. It not only converted the milk into yogurt form but
also produced a good aroma.
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Table 2. Physiological characteristics-growth in the presence of NaCl and temperature variation, bile salt hydrolase (BSH)
activity, milk coagulation, and haemolytic activity assay using the standard procedures.

Physiological characteristic

Isolates name

Lactobacillus
Growth in MRS broth: B1 121 12/3 13/ 14/1 acidophilus
KACC 12419
With 1% NaCl + + + + +
With 2% NaCl + + + + + +
With 3% NaCl + + + + + +
With 4% NaCl + + + + + +
With 5% NaCl + + + + + +
With 6% NaCl + + + + + +
With 7% NaCl - - - - - +
With 8% NaCl - - - - - -
With 9% NaCl - - - - - -
With 10% Nacl - - - - - -
At4T - - - - - -
At25C + + + + + +
At37TC + + + + + +
At45TC + + + + + +
At55C - - + + - -
BSH (Bile salt Hydrolase) activity + + + + + +
Milk coagulation + + + + + +

Haemolytic activity

Non-haemolytic Non-haemolytic Non-haemolytic Non-haemolytic Non-haemolytic Non-haemolytic

To be considered as probiotics, unlike the pathogenic
one, the bacteria must be non-hemolytic [33]. Generally,
LAB members do not carry out hemolytic activity In our
experiments, all the examined strains were y-haemolytic
(non-haemolytic) when grown in blood agar (Table 2).
This indicates that the selected LAB strains are safe for
consumption.

Effect of NaCl concentration on growth pattern. Cell
physiology and metabolism are affected by the turgor
pressure when bacteria grow in high salt concentration
[34]. Table 2 illustrates the growth performance of the
probiotics on different NaCl concentrations. All probiotic
isolates were capable to grow in 1-6% NaCl concentra-
tion, but their growth was inhibited by 7-10%. Salt tol-
erance ability varies among strain to strain and source
of the probiotics. There are reports of LAB isolated from
Bangladesh that can tolerate 4-8% NaCl [35]. Whereas
LAB isolated from India showed similar tolerance ability
[36].

Effect of temperature on growth. LAB can be differenti-
ated by the growth in optimum temperature [37]. Our
results indicated that P. acidilactici can grow at a wide
range of temperatures (25-55C) except for the goat milk
isolates (Temperature ranges: 25-45C). but for E. fae-
cium the temperature ranges was 25-45C. The effect
of temperature on growth is shown in Table 2. Although,
all the probiotic isolates were able to grow at 25C, 37C
and 45C; however, they cannot grow at 4C. From the
data, we can say that our isolates were mesophilic and
thermotolerant. Isolation of thermotolerant probiotics
from yogurt is rare, where Pundir et al. [36] isolated pro-
biotic bacteria minimum and maximum growth tem-
perature was 25C and 40C respectively.

Effect of phenol on growth. All the isolates survival
ability decrease when the concentration of phenol
increases from 0.1% to 0.4% except for 13/1. Isolate 13/1
(P. acidilactici) tolerate 0.2% and 0.3% phenol better
than 0.1% and 0.4% phenol. Fig. 3 showed that all the
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Fig. 3. Survival of isolated probiotic candidates comparing with Lactobacillus acidophilus KACC 12419 in simulated gastric
juice (pH 2.0); without lysozyme & with lysozyme. The results are expressed as mean + SD of three independent experiments.
Statistical significance was determined with the help of Two way ANOVA.*p < 0.05, **p < 0.01, ***p < 0.001.

selected LAB isolates were moderately tolerant up to
0.4% phenol Isolate 13/1 and B1 retained the highest cell
concentration (OD = 0.189 and 0.182, respectively at
600 nm) in the presence of 0.4% phenol concentration. In
contrast, E. faecium (12/1 and 14/1) was the least than
the P. acidilactici. It is agreed that the probiotic bacteria
which can resist 0.4% phenol in vivo can be able to sur-
vive in the intestinal tract [23]. In our study, P. acidilactici
& E. faecium were moderately tolerant to phenol,
though the growth of P. acidilactici is still high in the
presence of 0.4% phenol concentration (Fig. 2B).

Adhesion assay to the ileum mucosal epithelium. Iso-
lated strains showed acceptable adhesion ability with
mucosal epithelial cells within 90 min. Their adhesin
ability increased over time; after 90 min of incubation,
all the isolates adhere around 2 log CFU/cm?. The mean

http://dx.doi.org/10.4014/mbl.1912.12009

counts of 12/3 isolates were 0, 1.82, 2.093, and 2.347 log
CFU/ecm? following the exposure time at 0, 30, 60 and
90 min, and the count was significantly high (p < 0.05)
at 90 min compared to 0 min than other isolates. Fur-
thermore, the isolate 12/1 showed the lowest cell count
with mean bacterial count were 0, 1.092, 1.858 and
1.986 log CFU/cm? (Fig. 2C).

In vitro gastrointestinal transit tolerance assay. Hydro-
chloric acid of human stomach degrades or dissolved all
sorts of macromolecules e.g. proteins, lipid etc including
bacteria regardless of beneficial or pathogenic. P. acidi-
lactici (B.1, 12/3, 13/1) isolates have no impact on the
growth in the gastric juice treatment with lysozyme (p >
0.05; Figs. 3A, 3D and 3E). In contrast, the mean counts
of 12/1 isolates were 10.01, 8.45, 8.42 and 8.24 log CFU/
ml in gastric juice, while 10.00, 7.80, 6.75, and 5.26 log
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Table 3. Antibiotics susceptibility assay for probiotic candidates.

Diameter of inhibition zone (mm)

Antibiotics bige Lactobacillus

content B1 121 12/3 13/1 14/1 acidophilus

KACC 12419
Amikacin 30 ug 20(1) 21(S) 22(S) 19() 25(S) 16(1)
Vancomycin 30 ug 19(1) 18(1) 18(1) 17() 17(1) 1R
Gentamycin 10 hg 22(5) 24(5) 21(5) 22(5) 24(5) 10(R)
Chloramphenicol 30 ug 21(S) 21(S) 23(S) 21(S) 22(S) 22(S)
Nitrofurantion 300 pg 17(1) 16(1) 16()) 16(1) 18(1) 16()
Streptomycin 10 ug 18(1) 21(S) 19(1) 20(1) 22(5) 11(R)
Ceptriaxone 309 20() 19() 18 () 20() 20() 18(1)
Norfloxacin 30 ug 24(S) 20(1) 22(S) 21(S) 20(1) 17(1)
Azithromycin 15 pg 21(S) 18(1) 20(S) 21(S) 19(1) 21(S)
Cefaclor 30 ug 17(1) 15(R) 17(1) 16(1) 15(R) 12(R)
Ciprofloxacin 10 ug 21(5) 22(S) 21(S) 22(S) 23(S) 11®)

R (resistant) = <15 mm
| (intermediate) = 16-20 mm
S (susceptible) = = 21 mm

CFU/ml were achieved by applying treatments of lyso-
zyme with gastric juice after 0, 30, 60 and 90 min expo-
sure time, compared to control group at 60 min and 90
min of exposure time (Fig. 3C). While approximate mean
counts of 10.02, 8.54, 8.63 and 8.59 log CFU/ml were
achieved from 10.00, 9.68, 9.99 and 10.03 log CFU/ml
counts in gastric juice by treating with lysozyme after 0,
30, 60 and 90 min exposure time for the another isolate
14/1, had a significant effect compared to control after
60 min and 90 min of exposure time (p > 0.05; Fig. 3B).
In our study, both P. acidilactici and E. faecium demon-
strated notable tolerance to acidic pH 2.0 following the
90 min of exposure (Fig. 3). The reasonable cause can be
demonstrated as the absence of the influence of dietary
and nonacidic constituents of gastric secretion on probi-
otic survival [22]. Therefore, gastric juice survivability
assay with lysozyme was further conducted. The growth
of the isolates decreased during incubation with the
presence of lysozyme. P. acidilactici was able to main-
tain a good growth in the presence of lysozyme and the
reduction of increase ranged from 0.1 to 0.5 log after
90 min of incubation (Fig. 3A, 3D, 3E). This result is
supported by the previous study of Anadon et al. [38]. On
the other hand, isolate E. faecium reduced their growth
in the presence of lysozyme after 60 min and 90 min of
exposure and the 18 reductions ranged from 0.5 to

1.5 log (Fig. 3B, 3C). ANOVA showed that the reduction
was significant (p < 0.05) for E. faecium. However, differ-
ences in cell wall structures and layers may be attributed
to the variations in lysozyme resistance of isolates. Thus,
we conclude that all the five isolates succeeded the in
vitro gastrointestinal transit tolerance assay.

Antibiotic susceptibility test. Multiple resistance pat-
terns of antibiotics were observed for the all tested iso-
lates. All the tested isolates were sensitive or moderate
susceptible, except isolates 12/1 and 14/1, which exhib-
ited resistance to Cefaclor (30 pug) (Table 3).

The results demonstrated the potential probiotic abili-
ties of P. acidilactici and E. faecium strains isolated
from goat milk and yogurt in Jashore, Bangladesh.
These sequenced LAB strains are suitable for field trial
as food and/or feed supplement for both animals and
humans. Furthermore, the antagonistic properties
demonstrated by these LAB strains against major food-
borne zoonotic pathogens show their relevance in the

control and prevention of enteric pathogens.
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ABSTRACT

Raw milk contains wide microbial diversity, composed
mainly of lactic acid bacteria (LAB), which are used
as probiotics in both human and animal husbandry.
We isolated, characterized, and evaluated LAB from
indigenous Bangladeshi raw milk to assess probiotic
potential, including antagonistic activity (against Esch-
erichia coli O157: H7, Enterococcus faecalis, Salmonella
Typhimurium, Salmonella Enteritidis, and Listeria
monocytogenes), survivability in simulated gastric juice,
tolerance to phenol and bile salts, adhesion to ileum
epithelial cells, auto- and co-aggregation, hydrophobic-
ity, a-glucosidase inhibitory activity, and antibiotic
susceptibility tests. The 4 most promising LAB strains
showed probiotic potential and were identified as Lacto-
bacillus casei, Lactobacillus plantarum (which produced
plantaricin EF), Lactobacillus fermentum, and Lactoba-
cillus paracasei. These strains inhibited all pathogens
tested at various degrees, and competitively excluded
pathogens with viable counts of 3.0 to 6.0 log cfu/mL.
Bacteriocin, organic acids, and low-molecular-weight
substances were mainly responsible for antimicrobial
activity by the LAB strains. All 4 LAB strains were re-
sistant to oxacillin and 3 were resistant to vancomycin
and streptomycin, with multiple antibiotic resistance
indices >0.2. After further in vivo evaluation, these
LAB strains could be considered probiotic candidates
with application in the food industry.
Key words: raw milk, probiotic
Lactobacillus, plantaricin, safety issues

properties,

INTRODUCTION

The lactic acid bacteria (LAB) are one of the most
significantly important groups of bacteria in the food
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*Corresponding author: ikjahid_mb@just.edu.bd

industry. They have long been consumed in dairy prod-
ucts by people the world over and most are classified as
“generally recognized as safe” (GRAS) microorganisms
because they are nonpathogenic, suitable for technolog-
ical and industrial processes, acid and bile tolerant, and
have the ability to produce antimicrobial substances
(Shehata et al., 2016). In the last decade, the LAB have
received increased attention and are widely used as pro-
biotics, live microorganisms that exert health benefits
on the host when ingested in adequate amount (FAO/
WHO, 2006).

The increasing acceptance of the consumption of LAB
as probiotics is due to their diverse roles in suppress-
ing cancer (Hirayama and Rafter, 2000) and lowering
serum cholesterol (Guo et al., 2010); activities against
diabetes (Panwar et al., 2013), obesity (Aazmi et al.,
2015), allergies (Lee et al., 2014), and inflammation
(Lorea Baroja et al., 2007); reducing gastrointestinal
tract (GIT) and urogenital pathogens (de Vries et al.,
2006); stabilizing gut microflora (Gibson et al., 1997),
increasing utilization of nutrients (Guo et al., 2010) and
tolerance of lactose (Silanikove et al., 2015); improving
digestion (Bokhorst et al., 2015) and stimulating the
immune system (Isolauri et al., 2001), among others.
Exopolysaccharides secreted by LAB strains can be
used to enhance fermented milk texture and viscosity
during production (Ruas-Madiedo et al., 2002). Wis-
selink et al. (2002) further noted the ability of certain
LAB strains to produce mannitol, which has numerous
health benefits.

In 2011, an estimated $27.9 billion was spent on the
purchase of probiotics worldwide, which was projected
to increase to $44.9 billion by the end of 2018 (a com-
pound annual growth rate of 6.8% from 2013 to 2018;
TMC, 2013). The global probiotics demand is expected
to further increase to $83.5 billion by 2022 (TMC, 2017).
Probiotics now have extensive applications in both hu-
man and animal husbandry, especially in the treatment
and control or prevention of diseases (Anandharaj and
Sivasankari, 2014). The market potential of probiotics
is driving increased interest in the industrial develop-
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ment of probiotics and probiotic-supplemented foods
and feeds.

At present, most bacteria used as probiotics are
LAB strains belonging to the genera Lactobacillus and
Enterococcus; namely, L. acidophilus, L. fermentum, L.
casei, L. reuteri, L. rhamnosus, L. helveticus, L. lac-
tis, L. crispatus, L. gasseri, L. plantarum, E. faecalis,
and FE. faecium (Mulaw et al., 2019). Because probi-
otic properties and features are strain specific (Ramos
et al., 2013), more studies are needed to screen and
unravel the probiotic potentials of novel LAB strains
with specific beneficial health effects on both humans
and animals and that are of research and industrial
importance.

Generally, milk and other dairy products are consid-
ered primary food sources for LAB probiotics. Fresh or
fermented cow and goat milks are consumed in different
regions of the world. The presence of high counts of
LAB in both cow and goat milks as beneficial micro-
biota indicates a source for explorations of biological
materials of considerable public health importance and
vast applications in the dairy industry (Khedid et al.,
2009). Although researchers from other countries have
screened and characterized LAB probiotic strains from
various dairy products and food or animal sources,
we aimed to describe the probiotic potentials of LAB
strains obtained from cow and goat milk samples in
Bangladesh.

MATERIALS AND METHODS
Isolation and Phenotypic Characterization of LAB

Forty samples, 20 each of fresh cow and goat milk,
were randomly obtained from different locations in
Jashore, Bangladesh, in sterile corked plastic tubes fol-
lowed by immediate storage in a 4°C icebox, transpor-
tation to the laboratory, and examination for the pres-
ence of LAB upon arrival. To identify LAB, 10 mL of
each sample was enriched in 40 mL of de Man, Rogosa,
and Sharpe (MRS) broth (Hi-Media, Mumbai, India;
(Sharifi Yazdi et al., 2017), and stirred overnight in a
shaking incubator at 37°C (Wisd Laboratory Instru-
ments, Seoul, South Korea) under aerobic conditions.
All tubes with visible turbidity were further cultured
on MRS agar plates (Hi-Media) followed by incubation
for 24 to 72 h at 37°C under aerobic conditions. Then,
individual colonies from each plate were selected and
purified through 3 successive transfers on MRS agar.
Finally, the pure isolates were characterized as LAB
by Gram staining, cell morphology, catalase test, and
coagulase reaction according to standard procedures
(Sharpe, 1979), wherein gram-positive, catalase- and
coagulase-negative isolates were selected before being
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stored at —20°C in MRS broth plus 28% glycerol (El
Soda et al., 2003).

Probiotic Properties of LAB Strains

Antagonistic Activity of the LAB Strains.
The antagonistic activities of the LAB isolates against
pathogens were determined by the agar well diffusion
assay performed in triplicate according to Vinderola
et al. (2008). The tested pathogens were FEscherichia
coli ATCC 10536, E. coli O157:H7 ATCC 43894, E.
faecalis ATCC 51299, Salmonella Typhimurium ATCC
14028, Salmonella Enteritidis ATCC 13098, and Lis-
teria monocytogenes ATCC 19113. The LAB isolates
were cultured in MRS broth at 37°C overnight, and
the targeted pathogens were precultured under the
same conditions in brain heart infusion (BHI) broth
(Liofilchem, Roseto degli Abruzzi, Italy). Approxi-
mately 107 cfu/mL of each test pathogen was spread
onto the surface of Mueller-Hinton agar (Biomark Lab,
Maharashtra, India) plates. Wells punctured into the
inoculated plates were filled with 100 wL of cell-free
supernatant (CFS) obtained from centrifugation of
LAB cultures at 6,000 x ¢ for 10 min (Boeco, Ham-
burg, Germany) followed by incubation at 37°C for 24
h. The antimicrobial activity of the LAB strains was
determined by development of inhibition zones in mil-
limeters (with cut-off value >11 mm) around the wells.
An agar spot test was also conducted, as described by
Armas et al. (2017), wherein a sample (3 pL) of CFS of
each LAB strain was spotted on a pathogen-inoculated
plate in triplicate, left for 5 min to absorb, and then in-
cubated aerobically at 37°C for 24 h (a clear inhibition
zone >1 mm around a spot was recorded as positive).

Simulated Gastric Juice Survivability Test.
Simulated gastric juice was prepared according to
Corcoran et al. (2005), with modifications, not includ-
ing proteose peptone because it may serve as source of
free amino acids (L-glutamate; Cotter et al., 2001). For
each LAB strain, 1 mL of fresh culture was resuspended
in an equal volume of PBS before centrifugation at
6,000 x g for 10 min at 25°C, and the pelleted cells were
suspended in 5 mL of simulated gastric juice at pH 2
(with and without lysozyme) followed by incubation
at 37°C for 90 min with constant stirring. At different
time intervals (0, 30, 60 and 90 min), samples were
taken and serially diluted in maximum-recovery diluent
up to 107, seeded on MRS agar plates, and incubated
at 37°Cfor 48 h (Corcoran et al., 2005).

Bile Salt and Phenol Tolerance Test. To assess
bile salt tolerance, overnight LAB cultures were resus-
pended in sterile PBS (pH 7.2) after centrifugation at
6,000 x g for 10 min at 25°C, adjusted to 10° cfu/mL,
added to fresh MRS broth containing 0.3% (wt/vol)
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bile salt (Merck KGaA, Darmstadt, Germany), and
subsequently incubated for 6 h at 37°C. The viability of
cells was determined after 0, 3, and 6 h of incubation
by serial dilution and plating onto MRS agar (Jose et
al., 2015). The phenol tolerance of LAB strains was
determined by growing the strains in MRS broth con-
taining increasing concentrations (0.1-0.4%) of phenol
at 37°C for 24 h (Hoque et al., 2010). Strain viability
was assessed by measuring the absorbance by spectro-
photometer (PG Instruments, Lutterworth, UK) at 620
nm after incubation.

Adherence of LAB Strains to Chicken Ileum
Epithelial Cells. We tested the LAB strains for adher-
ence to chicken epithelial cells as previously described
(Rebin, 2015). Chicken ileum was aseptically collected,
washed, and divided into 4 small pieces (1 cm?®). Each
piece was incubated in a cell suspension of LAB strains
(10° cfu/mL in PBS) at 37°C for 90 min. After 0, 30,
60, and 90 min, samples were taken and screened for
adherence by serial dilution and subsequent plating on
MRS agar plates. Competitive pathogen exclusion is
one of the primary mechanisms used by LAB in the
GIT. To assay competitive adherence with pathogen
(E. coli, E. coli O157:H7, Salmonella Typhimurium
and Salmonella Enteritidis), we followed the above
method with a minor modification: we suspended equal
volumes of individual LAB strains and each pathogen
(10? cfu/mL PBS) before plating onto MacConkey agar
(Hi-Media) for both E. coli and E. coli O157:H7 and
Salmonella Shigella Agar (Liofilchem) for Salmonella
Typhimurium and Salmonella Enteritidis, respectively,
followed by incubation at 37°C for 24 h for enumeration
(Neal-McKinney et al., 2012).

Aggregative Abilities of LAB Strains. Auto-
aggregation and co-aggregation abilities, phenotypic
traits for the screening of potential probiotic strain
related to the adherence capability to intestinal epi-
thelial cells of each LAB strain, were evaluated. To de-
termine auto-aggregation, we followed the procedure of
Polak-Berecka et al. (2014), with some modifications,
where exactly 5 mL of bacterial suspension (10°) was
vortexed (Vision Scientific, Korea) for 10 s, and the
absorbance was measured by spectrophotometer at 600
nm (initial optical density, OD;); then, the suspension
was incubated for 2 h at 37 °C. The absorbance of the
supernatant after 2 h of incubation was subsequently
measured (OD,,) and the auto-aggregation percentage
was calculated as [1 — (OD,,/OD;)] x 100.

For the co-aggregation assay, 2 mL of each LAB iso-
late and each pathogen culture were mixed, vortexed,
and incubated for 2 h at 37 °C (Polak-Berecka et al.,
2014; Armas et al., 2017). Each control tube contained
4 mL of each bacterial suspension (i.e., the LAB strain
and the pathogen). The absorbance of each mixed

Journal of Dairy Science Vol. 103 No. 2, 2020

1225

suspension was then measured at 600 nm (OD,,) and
compared with those of the control tubes containing
the LAB strain (ODg,,;,) and the specific pathogen
(ODpathogen) at 2 h of incubation. Co-aggregation (%)
was calculated as [1 — OD ./ (ODgain + ODpathogen) /2]
x 100.

Hydrophobicity Assay. The cell surface hydropho-
bicity of LAB cells, as a measure to evaluate adher-
ence to hydrocarbons, was evaluated according to the
method of Abbasiliasi et al. (2017). Three tubes, each
containing 3 mL of each LAB strain suspension in PBS
(pH 7.2) at 10° cfu/mL, were mixed with the solvent
n-hexadecane (1 mL) and vortexed for 1 min. The
mixture was subsequently allowed to separate into 2
phases by standing for 5 to 10 min, after which the OD
(at 600 nm) of the aqueous phase was measured with
a spectrophotometer. Bacterial affinity to the solvent
(hydrophobicity) was expressed using the formula (1
— Ajpin/Aomin) X 100, where Ajg,, and Ay, are the
absorbance at 10 and 0 min, respectively.

a-Glucosidase Inhibitory Activity of LAB
Strains. We assessed the a-glucosidase inhibitory ac-
tivity of LAB strains as described by Kim et al. (2011),
with slight modifications. An overnight culture of each
LAB strain was centrifuged for 15 min at 4,000 x ¢g and
resuspended in PBS (50 pL). Exactly 50 uL of 3 mM
p-nitrophenol-a-D-glucopyranoside (pNPG) was added
and incubated at 37°C for 15 min. Then, a-glucosidase
(50 pL) was added and the enzymatic reaction was al-
lowed to proceed at 37°C for 30 min and stopped by the
addition of 50 uL of 0.1 M Na,COs. The release of ni-
trophenol was measured as absorbance at 405 nm using
a microplate reader. The formula (1 — A/B) x 100 was
used to calculate the inhibition of a-glucosidase activ-
ity of LAB strains, where A was the absorbance of the
reactants with sample and B was the absorbance of the
reactants without sample (negative control). Acarbose
was used as the standard reference (positive control).

Characterization of LAB Antimicrobial Sub-
stances. We selected LAB strains with probiotic po-
tential and further tested for the production of antimi-
crobial substances, mainly bacteriocins, organic acids,
and hydrogen peroxide using the agar well diffusion
technique, as previously described (Prabhurajeshwar
and Chandrakanth, 2017) with modifications. Over-
night cultures of LAB grown in MRS broth were cen-
trifuged at 6,000 x ¢ for 10 min, and the supernatants
were collected and divided into 4 treatments: one was
heat treated (boiled) for 10 min, the second was neu-
tralized to pH 7 with 6 N NaOH (Fisher Scientific,
Pittsburgh, PA), the third was treated with 0.5 mg/
mL catalase (Hi-Media), and the fourth was untreated.
These supernatants were subsequently filter sterilized
(0.22 pm), and 100 pL of each supernatant was placed
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into wells bored in agar plates inoculated with 1%
(vol/vol) overnight cultures of indicator pathogens, as
previously listed. The plates were incubated at 37°C
overnight, and the diameters (mm) of inhibition zones
were measured.

Characterization of LAB Strains and Bacteriocins

For biochemical identification, the carbohydrate fer-
mentation profiles of potential LAB probiotic strains
were investigated using API 50 CH strips and API CHL
medium according to the manufacturer’s instructions
(API System, BioMérieux, Marcy-I'Etoile, France).
The APIweb software version 5.0 (BioMérieux) was
used in the interpretation of the results. The molecular
identification of LAB strains was conducted by 16S
rRNA amplification, sequencing, and analysis, using
universal primers (Supplemental Table S1; https://
doi.org/10.3168/jds.2019-17092). Screening for known
bacteriocin genes, including those encoding pediocin,
enterocin, nisin, plantaricin, lactococcin A, and lacticin
481, was conducted using the primers listed in Supple-
mental Table S1. The PCR were conducted using a
total volume of 20 pL, containing 10 pL of Master
Mix (GoTaq Green Master Mix, Promega, Madison,
WI), 0.5 pL each of forward and reverse primers, 6
pwL of nuclease-free water, and 2 pL of DNA template
using a thermal cycler (SimpliAmp Thermal Cycler,
ThermoFisher Scientific, Waltham, MA). Afterward,
PCR amplicons were purified using the Wizard SV Gel
and PCR Clean-Up System (Promega), and sequenced
using Z-BigDye Terminator v3.1 cycle sequencing kit
(Applied Biosystems, Foster City, CA). Raw data were
generated using an ABI Genetic Analyzer (Applied
Biosystems), before data assembly using with SeqMan
version 7.0 (DNAStar Inc., Madison, WI). Sequence
data were further compared with that in the National
Center for Biotechnology Information (NCBI) Gen-
Bank database, using BLAST (https://www.ncbi.nlm
nih.gov/genbank/) for the final identification of the
LAB strains followed by the submission of sequence.

Safety Analysis of Probiotic Strains

We assessed the hemolytic activities of LAB strains
showing antagonistic activity during initial screening by
the presence of a/a (a small zone of greenish—brown-
ish discoloration of the medium, indicating reduction
of hemoglobin to methemoglobin), 3/3 (clear, colorless
or light yellow zone surrounding the colonies depicting
total lysis of red blood cells), and ~/~ (with no change
observed in the medium) hemolysis following the pro-
tocol of Maragkoudakis et al. (2006). In the antibiotic
susceptibility test, we examined promising screened and
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characterized LAB isolates using the agar disc diffusion
method (Bauer et al., 1966). Twelve antibiotics were
tested (Hi-Media): penicillin G (2 units), ceftriaxone
(30 pg), ampicillin (25 pg), vancomycin (30 pg), oxacil-
lin (1 pg), streptomycin (10 pg), chloramphenicol (30
pg), gentamicin (10 pg), erythromycin (10 pg), tetra-
cycline (10 pg), novobiocin (30 pg), and ciprofloxacin
(10 pg). Isolates were categorized as sensitive (>21
mm), intermediate (16-20 mm), or resistant (<15 mm)
(Liasi et al., 2009). The multiple antibiotics resistance
(MAR) index was determined for each probiotic strain
as previously described by Ngwai et al. (2011).

Statistical Analysis

All measurements were repeated independently in
triplicate, and results are expressed as mean + stan-
dard deviation. Statistical comparisons were made
when applicable using GraphPad Prism version 5.0 for
Windows (GraphPad Software, San Diego, CA). Dif-
ferences were considered statistically significant at P
< 0.05.

RESULTS

A total of 63 isolates from cow (34) and goat (29)
milk samples showed typical morphological characteris-
tics of LAB, being gram-positive bacilli and cocci, cata-
lase- and coagulase-negative, and nonmotile (Sharpe,
1979). These isolates were identified and used to select-
ing prominent strains based on probiotic properties,
molecular identification and associated bacteriocins,
production of antagonistic substances, and safety.

Probiotic Properties of LAB Strains

Antagonistic Activity. Of the 63 LAB isolates
examined for antagonistic activity against 6 pathogens
tested, only 13 (7 and 6 from cow and goat milk sam-
ples, respectively) inhibited these pathogens at varying
degrees (Table 1). Maximum zones of inhibition were
exhibited against E. coli by LAB strains from both cow
and goat milk samples ranging from moderate (16-20
mm) to high (>21 mm). Cow and goat milk isolates
showed low (11-15 mm) to moderate (16-20 mm) an-
tagonistic activities against Salmonella Typhimurium
and E. faecalis. Isolates C2, C3, C4, and C16 (from
cow milk) and G5, G9, G10, and G12 (from goat milk)
were found to have higher antagonistic activity against
pathogens. The agar spot assay confirmed the inhibi-
tory activities of the 13 selected isolates against all the
pathogens tested at different degrees (Supplemental
Table S2; https://doi.org/10.3168/jds.2019-17092).
Although inhibition of these pathogens by the LAB iso-
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Table 1. Antagonistic activity of potential probiotic strains from cow (C) and goat (G) milk samples against pathogenic bacteria by agar well

diffusion technique

Zone of inhibition' (mm)

Escherichia E. coli Enterococcus Salmonella Salmonella Listeria

Strain coli O157:H7 faecalis Typhimurium Enteritidis monocytogenes
C3 +++ +++ ++ ++ ++ ++
C4 +++ ++ ++ ++ ++ ++
C7 +++ ++ + + + +
C11 +++ ++ + + + +
C16 +++ ++ + + + ++
C18 +++ ++ + + + +
C19 +++ ++ + + + +
Gl +++ + + + + ++
G5 +++ ++ + ++ + +
G7 +++ + + + + ++
G9 +++ + + + + +
G10 ++ + + + ++ +
G12 4+ ++ + ++ ++ ++

"Results of independent experiments (n = 3) of inhibition halos, indicating low, + (11-15 mm), moderate, ++ (15-20 mm), and high inhibition,

++4++ (>21 mm).

lates is strain specific, LAB strains C4, C16, C18, G1,
G9, and G12 showed greater activity mainly against E.
coli. Activity against L. monocytogenes (by LAB strains
from cow milk), FE. faecalis, and Salmonella Enteritidis
(by LAB strains from goat milk) was the least recorded.

Survivability in Simulated Gastric Juice, Bile
Salts, and Phenol. The effect of simulated gastric
juice (with and without lysozyme) at pH 2.0 on LAB
isolates is presented in Figure 1. Isolates C7 and C11
failed to survive in simulated gastric juice with lyso-
zyme at pH 2.0 after 60 and 90 min of incubation, and
only one isolate from goat milk (G12) was unable to
survive in the same simulated environment after 90 min
of incubation. The LAB strains C3, C4, C16, C18, C19,
G1, G5, G7, G9, and G10 were selected for subsequent
screenings.

The LAB strains that survived simulated gastric juice
with lysozyme were also able to show bile salt tolerance
at varying degrees (P > 0.05), with values ranging from
8.919 £ 0.051 to 9.162 £ 0.193 log;, cfu/mL. Neverthe-
less, LAB strains C19 and G5 were observed to have
lower microbial counts than other strains examined
after 6 h of incubation (Table 2).

The effect of increased phenol concentration (0.1-
0.4%) on the growth of LAB isolates is shown in Figure
2. Although all isolates tolerated phenol at 0.1 and
0.2%, we detected a difference (P < 0.05) in the viabil-
ity of isolates at 0.3 and 0.4% phenol. Only 4 isolates
(C3, C16, G9, and G10) were able to tolerate 0.4%
phenol, so they were selected for the next examination.

Adherence Properties of LAB Strains. All of
the examined LAB strains adhered to epithelial cells
while increasing steadily in total viable counts from
2.2 to >4.5 log cfu/cm® from 0 to 90 min (Figure 3).
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Additionally, we assessed the ability of LAB strains to
competitively adhere to chicken ileum epithelial cells
while excluding pathogens. The LAB strains from cow
milk showed the highest ability to competitively ex-
clude pathogens while adhering to ileum cells, with a
difference (P < 0.001) in survival ranging from 5.02
+ 0.03 to 5.25 + 0.10 log cfu/cm® and with patho-
gen viable counts between 2.61 4+ 0.17 and 4.14 +
0.17 log cfu/cm® after 90 min. Survival of goat milk
strains ranged from 3.89 £ 0.11 to 3.20 £+ 14 log cfu/
cm® and pathogen viability was between 3.31 + 0.01
and 2.75 + 0.08 log cfu/cm®. Nevertheless, Salmonella
Typhimurium slightly outgrew LAB strain G10, albeit
not significantly (P > 0.05; Figure 4).

Aggregative Potential and Hydrophobicity. The
results showing auto- and co-aggregation abilities of all
the LAB strains examined are shown in Table 3. The
auto-aggregation of the LAB strains was between 38.5
+ 13.44 and 54.50 & 7.78%. The highest percentage of
auto-aggregation (54.50 + 7.78) was observed in strain
C3 from cow milk; strains G9 and G10 showed relative-
ly high auto-aggregation ability but did not differ (P
> 0.05) from that of the other LAB strains examined.

For co-aggregation ability with pathogens, LAB
strain C3 showed significant (P < 0.013) co-aggregation
ability with all tested pathogens: 96.78 + 2.91, 93.44
+ 0.98, 92.08 4+ 2.96, 89.23 + 0.26, 80.79 + 2.53, and
78.51 & 0.73% for E. coli, E. faecalis, E. coli O157: H7,
Salmonella Typhimurium, Salmonella Enteritidis, and
L. monocytogenes, respectively. Strain C16 exhibited
significant (P < 0.032) co-aggregation ability with all
pathogens except Salmonella Enteritidis. Nevertheless,
compared with cow milk, all strains from goat milk
showed less co-aggregation against pathogens, with the
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Figure 1. Survival of lactic acid bacteria strains isolated from cow (C) and goat (G) milks in simulated gastric juice with (H) and without
(@) lysozyme, pH 2.0. Data are means of triplicate experiments, and error bars indicate SD. *P < 0.05: values are significantly different.

Table 2. Viability of cow (C) and goat (G) milk lactic acid bacterial
stralins (log)y cfu/mL) after 0, 3, and 6 h of incubation in 0.3% bile

salt
0.3% bile salt

Strain 0h 3h 6 h

C3 8.96 + 0.06 8.97 + 0.03 8.96 + 0.08
C4 8.92 + 0.05 8.94 + 0.04 9.00 £+ 0.01
C16 9.03 £ 0.19 8.89 + 0.01 8.90 £+ 0.01
C18 8.88 + 0.06 8.87 + 0.07 8.89 + 0.05
C19 8.88 + 0.01 8.86 + 0.01 8.19 £+ 0.01
G1 8.89 + 0.07 8.92 + 0.04 8.99 + 0.06
G5 8.89 4+ 0.04 8.87 + 0.062 8.02 £+ 0.00
G7 9.15 £+ 0.22 9.06 + 0.09 8.95 + 0.08
G9 9.02 + 0.17 9.21 £ 0.12 9.03 + 0.17
G10 9.09 + 0.24 9.08 + 0.27 9.08 + 0.27

"Values are means + SD of duplicate experiments. Values did not differ
significantly (P > 0.05).
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lowest co-aggregation ability ranging between 8.03 =+
2.93 and 33.19 + 7.01% expressed by isolate G9. We
observed a difference (P < 0.05) among all LAB isolates
to the tested pathogens, except Salmonella Enteritidis
and L. monocytogenes, where only C3, G9, G10, C3,
C16, and G9 differed.

The cell surface hydrophobicity of the LAB strains
examined is shown in Supplemental Figure S1 (https:/
/doi.org/10.3168/jds.2019-17092). Hydrophobicity was
highest in isolate C3 followed by G9, C16, and G10
with 53.0, 50.50, 36.0, and 28.5%, respectively. The
mean values obtained did not differ (P > 0.05).

a-Glucosidase Inhibitory Activity of LAB
Strains. The a-glucosidase inhibitory activity of the
LAB probiotic strains is shown in Supplemental Fig-
ure S2 (https://doi.org/10.3168/jds.2019-17092), with
values ranging from 12.88 to 30.50%. The LAB pro-
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biotic strains from goat milk had considerably higher
inhibitory activities than those obtained from cow milk.
We detected a difference (P < 0.05) between all tested
strains and the positive control.

Characterization of LAB Antimicrobial Sub-
stances. Table 4 shows the substances (bacteriocin,
hydrogen peroxide, and organic acid) responsible for
the inhibitory ability of pathogens by LAB strains. Un-
treated and heat treated (100°C) CFS of LAB strains
showed wide zones of pathogen growth inhibition, indi-
cating that substances secreted by these LAB (that are
responsible for their antimicrobial activity) were not
heat sensitive. Nevertheless, we detected reduced (C16)
or complete loss of (C3, G9, and G10) antimicrobial
activity by neutralized (pH 7) CFS of LAB cultures
(Table 4). These results indicated that acid produc-
tion contributed greatly to the inhibitory effect of these
LAB isolates and the effects of bacteriocins, as seen
in some strains. Catalase-treated supernatants of LAB
strains had no effect on inhibitory activities of the 4
LAB strains examined, indicating that microbial in-
hibitory activity by these LAB strains was not a result
of hydrogen peroxide production.

Molecular Characterization of LAB Strains
and Bacteriocin

Before molecular identification, we carried out bio-
chemical identification of the LAB strains by using API
50 CHL, which identified isolates C3, C16, G9, and

Optical Density (620 nm)
*

Strain
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G10 as L. paracasei ssp. paracasei, L. plantarum, Pedio-
coccus pentosaceus, and P. pentosaceus, respectively
(Supplemental Table S3; https://doi.org/10.3168/jds
.2019-17092). Potential LAB strains were identified
by 16S rRNA amplification and sequencing. The 16S
rRNA sequences obtained were searched by BLAST
and deposited in NCBI GenBank under accession
numbers MK953801 to MK953804. Compared with the
biochemical results, the 4 LAB isolates were identi-
fied as L. casei strain C3, L. plantarum strain C16,
L. fermentum strain G9, and L. paracasei strain G10
(Supplemental Table S3). Of the 4 bacteriocin genes
screened using PCR, only LAB strain C16 was positive
for the bacteriocin plantaricin gene (428 bp). Further-
more, we performed a BLAST search of the plantaricin
sequence (GenBank accession no. MN478004) for strain
C16, showing that it contained the 2-peptide bacterio-
cin plantaricin EF.

Safety Aspects of Isolates

To be safe for use, probiotic strains must be nonhe-
molytic. We ensured that the selected probiotic strains
were nonhemolytic and safe for application as probiot-
ics. The susceptibility profile of all the LAB isolates
to commonly used antibiotics (n = 12) was assessed
(Supplemental Table S4; https://doi.org/10.3168/jds
.2019-17092). We found that 100% of isolates showed
resistance to oxacillin, 75% of isolates were resistant to
vancomycin and streptomycin, and 50% were resistant
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Figure 2. Tolerance to 0.10, 0.20, 0.30, and 0.40% phenol by lactic acid bacteria strains from cow (C) and goat (G) milk. The data are the
means of triplicate experiments, and error bars indicate SD. *P < 0.05: values are significantly different.
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Figure 3. Adherence of lactic acid bacteria strains from cow (C) and goat (G) milk to poultry ileum epithelial cells. Data are the means of
triplicate experiments, and error bars indicate SD. *P < 0.05: values are significantly different.

to erythromycin and chloramphenicol. Furthermore,
75% of the isolates were susceptible to ampicillin and
50% were also susceptible to erythromycin, novobiocin,
and tetracycline. Supplemental Table S4 shows the dis-
tribution of resistant phenotypes of antibiotic-resistant
LAB strains from cow and goat milks. Four different re-
sistant phenotypes were expressed by the isolates, with
the shortest being oxacillin-vancomycin-ciprofloxacin
(G9) and the longest erythromycin-oxacillin-vancomy-
cin-chloramphenicol-streptomycin-tetracycline-oxacillin
(C3). Generally, isolates from cow milk were more
resistant to antibiotics than those from goat milk. The
MAR indices of LAB strains showed that all were above
the threshold limit (0.2). Isolates from cow milk had
the highest MAR indices of 0.58 and 0.42 and isolates
from goat milk had the lowest indices of 0.25 and 0.33
(Supplemental Table S5; https://doi.org/10.3168/jds
.2019-17092).

DISCUSSION

Over the years, LAB from different sources, including
GIT of animals as well as traditional fermented foods
and dairy products, have been screened for potential
probiotic properties. The LAB isolated in this study
were from indigenous cow and goat milks and were
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characterized and evaluated for probiotic properties. A
comparative evaluation of LAB from these 2 sources has
not been previously reported; in-depth characterization
of microbiota in Bangladesh is not often carried out.
Because we wanted to characterize LAB strains only by
enriching and isolating strains from raw milk samples,
we used MRS medium (Sharifi Yazdi et al., 2017).
One of the crucial properties for all potential probi-
otic strains is their antimicrobial activity. In this study,
the LAB strains showed different degrees of antago-
nistic activity against the tested indicator pathogens.
Wider zones of inhibition were recorded against E. coli
by LAB strains from both cow and goat milk, whereas
moderate activity was recorded against Salmonella
Typhimurium and E. faecalis. The broad spectrum of
antagonistic activity against both gram-negative and
gram-positive pathogens exhibited by the LAB strains
examined here agrees with findings of other researchers
(Liasi et al., 2009; Grosu-Tudor et al., 2014; Setyaward-
ani et al., 2014; Jose et al., 2015). However, Anas et al.
(2008) reported a higher degree of antagonistic activity
against gram-positive pathogens than against gram-
negative counterparts by strains of LAB. Nevertheless,
de Almeida Junior et al. (2015) reported no relation-
ship between the degree of LAB antagonistic activity
and Gram status of pathogens tested. The agar well dif-
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Figure 4. Competitive adherence of lactic acid bacteria strains and pathogens to poultry ileum epithelial cell. The data are the means of
triplicate experiments. *P < 0.05: values are significantly different. Each box shows the viable count; midline shows the mean. E. = Escherichia;

S. = Salmonella.

fusion and agar spot tests used for the determination of
antagonistic activity in this study gave similar results
against all pathogens tested. Nevertheless, because of
the specificity of the agar spot test, LAB strains that
showed moderate inhibition to pathogens by agar well
diffusion yielded no or weak inhibitory activity when
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examined by agar spot test. This finding supports that
of Armas et al. (2017), who reported antimicrobial ac-
tivities of LAB strain against an array of pathogens
using the agar spot assay. Antimicrobial compounds
including bacteriocins, organic acids (e.g., acetic, lac-
tic, propionic, succinic acids), short-chain fatty acids,
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Table 3. Aggregation abilities of potential probiotic strains from cow (C) and goat (G) milk'
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Co-aggregation (%)

Auto-aggregation Escherichia E. coli Enterococcus Salmonella Salmonella Listeria
Strain (%) coli O157:H7 faecalis Typhimurium Enteritidis monocytogenes
C3 54.50 £+ 7.78 96.78 + 2.91* 92.08 + 2.96* 93.44 + 0.98%* 89.23 + 0.26* 80.79 + 2.53* 78.51 + 0.73*
C16 38.5 + 13.44 84.65 + 6.43* 85.10 + 0.01°* 83.19 + 3.25%* 88.9 4+ 4.41%* 58.93 £+ 1.52 90.39 + 0.50%*
G9 41.5 £ 6.39 15.45 £ 0.62* 8.03 + 2.93* 11.75 + 4.61* 5.96 + 1.21%* 33.19 + 7.01%* 12.20 £+ 0.01*
G10 45.5 + 0.71 35.40 + 1.36* 34.03 + 0.16* 62.64 + 1.95 35.97 + 0.09* 30.16 + 0.22%* 59.96 £+ 0.06

"Data are mean + SD from triplicate experiments.

*P < 0.05. Values obtained were compared against each of the LAB strains examined per each pathogen tested.

hydrogen peroxide, and other low-molecular-weight
substances produced by LAB are responsible for their
antimicrobial activity (Grosu-Tudor et al., 2014). Gan-
zle et al. (1999) previously reported that the acidic GIT
microenvironment further enhances the antimicrobial
potency of these compounds secreted by LAB.

In this study, 3 LAB isolates (C11, C7, and G12)
failed to survive in simulated gastric juice with lyso-
zyme at pH 2 after 90 min of incubation. As such, they
were discontinued from subsequent evaluation. The pH
of gastric juice is approximately 3.0 and a pH of 2.0
is usually used in vitro to simulate an extreme GIT
condition (Tsai et al., 2005). The ability of potential
LAB probiotic strains to tolerate an acidic environment

is important not only in overcoming GIT stresses, but
also serves as a major requirement for their application
as dietary supplements, enabling them to survive lon-
ger in acidic environments and still be effective when
ingested (Prasad et al., 1998).

Probiotics are expected to pass through the GIT
and survive the presence of bile salts and acidic gastric
juice while exerting their beneficial effects. From this
study, all the LAB strains that previously survived the
simulated gastric juice environment with lysozyme were
also able to survive 0.3% bile salt, with strains from
goat milk showing higher viable counts after 6 h of
incubation. These results concurred with the findings of
Mathara et al. (2008), who reported that LAB strains

Table 4. Characterization of lactic acid bacteria antimicrobial substances

Inhibition zone'

Treatment Indicator strain C3 C16 G9 G10
Untreated Escherichia coli +++ 44+ 44+ At
E. coli O157:H7 +4+ 4t 4 .
Enterococcus faecalis +++ ++ ++ 4
Salmonella Typhimurium ++ 44 4 +
Salmonella Enteritidis ++ ++ ++ ++
Listeria monocytogenes ++ ++ + +++
Neutralized E. coli - 4+t . _
E. coli O157:H7 - ++ - _
E. faecalis - + . -
Salmonella Typhimurium - ++ . .
Salmonella Enteritidis - + - -
L. monocytogenes - + - -
Heat treated E. coli +++ 4+ +++ +++
E. coli O157:H7 ++ S+ 4 RS
E. faecalis 44+ ++ T+ 44
Salmonella Typhimurium 44 ++4 4 +
Salmonella Enteritidis ++ +4+ ++ 4+t
L. monocytogenes ++ ++ + +++
Catalase treated E. coli 444+ +4+ 44+ Lt
E. coli O157:H7 44+ R 4 4+
E. faecalis 44+ ++ 4+ 4t
Salmonella Typhimurium 4+ ++ 4t +
Salmonella Enteritidis ++ 4+ 44 .
L. monocytogenes ++ ++ + +++

!Symbols show zones of inhibition: —, no inhibition; +, weak (<14 mm); ++, good (15-19 mm); +++, strong

(>20 mm).
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from milk were tolerant to bile salts at 0.1 to 0.5%. The
ability of LAB from different sources to tolerate bile
salt have been previously reported (Tang et al., 2018).

During digestion, phenol, a toxic metabolite with
bacteriostatic properties, is secreted in the GIT (Sus-
kovic et al., 1997). Thus, potential LAB probiotic
strains must be able to withstand the effect of phenol
to exert their optimal beneficial effects on their host.
The selected LAB strains were able to tolerate 0.4%
phenol. Shehata et al. (2016) previously observed toler-
ance of LAB strains to 0.4% phenol to varying degrees.

The ability of potential probiotic strains to adhere
to intestinal cells is regarded as an essential criterion
for probiotic selection (Collado et al., 2006). The LAB
probiotic strains selected in this study were able to
adhere to epithelial cells, with cell counts between 3.5
and 5.5 cfu/cm?® after 90 min of incubation. Our results
agree with the findings of Collado et al. (2006) and
Setyawardani et al. (2014), who reported the adhesion
ability of LAB to intestinal cells. One of the beneficial
effects of LAB adhesion to intestinal cells is their abil-
ity to inhibit pathogen adhesion and growth in GIT
cells (Kos et al., 2003).

It is expected that potential probiotic strains can
adhere to GIT cells and competitively exclude or
inhibit pathogens that may cause harm to the host.
All our LAB strains were able to significantly inhibit
the pathogens tested at varying degrees while adher-
ing to chicken ileum epithelial cells. Although in vitro
pathogen inhibition by LAB is often reported, their
ability to inhibit pathogens in vivo is very critical.
Probiotics are administered orally and must be able
to colonize and competitively exclude pathogens in the
GIT (Neal-McKinney et al., 2012). Adhesion of LAB is
a multiplex phenomenon initiating with contact with
host enterocytes followed by diverse surface interac-
tions (Kos et al., 2003). Most LAB produce cell surface
proteins that, among other functions, help the bacteria
bind to the epithelium of the GIT. This further enables
immunoregulation by LAB, which is also relevant in
the removal of pathogens (Cunningham-Rundles et al.,
2000).

We further examined our potential probiotic strains
for cell-binding properties; that is, autoaggregation and
co-aggregation. These 2 properties must be considered
when selecting potential probiotic strains. Autoaggrega-
tion (aggregation between the same microbial strains)
and co-aggregation (aggregation between different mi-
crobial strains) support bacterial adhesion to epithelial
cells of the host GIT and the prevention of pathogen
colonization (Del Re et al., 2000). The autoaggregation
of the LAB examined ranged from 41.5 + 6.39 to 54.50
+ 7.78%. All potential probiotic strains should have
autoaggregation exceeding 40% (Del Re et al., 2000).
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Autoaggregation also supports biofilm formation by
LAB, which further promotes colonization (Rickard et
al., 2003). The LAB isolates examined in this study
showed strain-specific co-aggregation ability with the
pathogens tested and high co-aggregation ability was
exhibited by LAB strains from cow milk. Auto- and
co-aggregation abilities of LAB show discrepant results
in the literature; LAB strains isolated from milk in
previous studies showed low (Espeche et al., 2009) or
no autoaggregation (Espeche et al., 2012). Al Kassaa et
al. (2014) and Puniya et al. (2016) reported high auto-
aggregation (30.0 to 76.0% and 48.0 to 73.0% respec-
tively), and Xu et al. (2009) reported high auto- and
co-aggregation abilities of LAB strains with different
foodborne pathogens.

The physicochemical characterization of LAB cell
surface was conducted. Bacterial affinity to solvent (n-
hexadecane) was used to determine the hydrophobic-
ity of potential LAB probiotic strains to predict their
colonization abilities (Dias et al., 2013). Evaluating cell
surface hydrophobicity of potential probiotic strains is a
vital feature indicating the adherence potential of such
strains to epithelial cells of the host GIT (Sadishkumar
and Jeevaratnam, 2017). The relatively high hydropho-
bicity recorded showed that our LAB strains have good
binding properties, and should exert sufficient barrier
function in the host when ingested as probiotics.

Although a-glucosidase inhibitory activity is strain
specific, LAB strains from goat milk showed higher
activity than strains from cow milk. This activity could
result from a LAB’s ability to produce exopolysac-
charides (Ramchandran and Shah, 2009). These LAB
strains could reduce the absorption of intestinal carbo-
hydrates, thus acting as antidiabetic strains when used
in humans.

When the pH of the supernatants from our LAB
strains was adjusted to 7.0, all strains lost their anti-
microbial activity against the tested pathogens except
strain C16, which showed weak activity against FE.
faecalis, Salmonella Enteritidis, and L. monocytogenes,
and moderate activity against E. coli, E. coli O15T:
H7, and Salmonella Typhimurium. These results sug-
gest that antimicrobial inhibition by other LAB strains
was mainly due to the production of acidic substances.
Similarly, Tsai et al. (2004) and Todorov (2008) re-
ported a complete loss of antagonistic activity by LAB
against tested pathogens after neutralizing the super-
natant. Furthermore, our study revealed that hydrogen
peroxide was not responsible for antagonistic activity
by the selected LAB strains. There was no effect when
the supernatants of our LAB were treated with cata-
lase. From our study, organic acids and low-molecular-
weight substances were mainly responsible for the
antimicrobial activity by the LAB strains examined.
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Promising potential LAB probiotic strains were bio-
chemically identified using API 50 CHL and molecu-
larly using 16S rRNA sequencing, which is more precise
and accurate. Using 16S universal primers, genomic
DNA from LAB strains was amplified, sequenced, and
identified, with a PCR product of approximately 1,500
bp. The sequences of LAB strains aligned with the 16S
DNA sequences obtained from GenBank. The 4 LAB
isolates (C3, C16, G9, and G10, respectively) were
identified as L. casei, L. plantarum, L. fermentum, and
L. paracasei.

The presence of the 2-peptide bacteriocin plantaricin
EF in strain C16 (L. plantarum) was consistent with
the fact that the strain’s antimicrobial activity may
result from secretion of the bacteriocin plantaricin.
Furthermore, although most bacteriocin-producing
LAB strains are not antagonistic against gram-negative
pathogens, our findings revealed that L. plantarum
C16, which produced plantaricin, did show antagonis-
tic activity against gram-negative pathogens. This is
in agreement with findings of other researchers (Mu-
hammad et al., 2019). The antimicrobial mechanism
of this specific bacteriocin appears to be its ability to
form pores in the cell membrane of its targets, caus-
ing efflux of small molecules, which further dissipates
the transmembrane pH gradient (ApH) and electrical
potential (AW; Zhang et al., 2016). However, it has
been reported that lactic acid secreted by LAB strains
disrupts the outer membrane of gram-negative bacte-
ria (Alakomi et al., 2000). Neutralization of the acid
reduced the bacteriocinogenic activity of L. plantarum
C16 (Table 4), although it retained antagonistic activ-
ity probably because of its anti-parallel localizing po-
tential to both the inner and outer parts of the target
cell membrane (Ekblad et al., 2016). Over the years,
new bacteriocins secreted by strains of LAB have been
identified and characterized, showing a wide range of
antimicrobial activity against gram-positive and gram-
negative pathogens (Kim et al., 2015). Although other
strains were negative for the other 5 bacteriocin genes
examined using PCR, they may harbor other classes
of bacteriocin genes not investigated in this study or
new bacteriocin genes that are yet to be identified and
classified.

Out of the 4 LAB strains identified by API 50 CH
and 165 rRNA sequencing, only the identification
results of 2 strains: C3 (L. casei) and C16 (L. plan-
tarum) were consistent. The other 2 strains, G9 and
G10, showed inconsistencies. Sakaridis et al. (2012) and
Garcia-Herndndez et al. (2016) reported similar dis-
parities between API 50 CH and 16S rRNA sequencing.
Also, the fermentation patterns of L. reuteri 100-23 was
identified as L. fermentum (96.6% confidence) with the
API 50 CH identification system, whereas L. salivarius
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UCC43321 was identified as L. paracasei ssp. paracasei
(58.1% confidence; Chagnaud et al., 2001). Generally,
phylogenetically related LAB yield similar fermentation
profiles, which further shows how inadequate biochemi-
cal methods are for accurate identification (de Vries
et al., 2006). Our results confirm the accuracy of 16S
rRNA sequencing in the identification of LAB as sug-
gested previously (Balcazar et al., 2007).

Susceptibility to an array of commonly used human
and veterinary antibiotics should be assessed for all po-
tential probiotic strains. This procedure is essential in
detecting potential probiotic strains with transferable
antibiotic resistance genes, which may be detrimental
to the host. The LAB strains examined showed vary-
ing degree of resistance toward some antibiotic; strains
from cow milk were resistant to ceftriaxone, ampicillin,
erythromycin, oxacillin, vancomycin, chloramphenicol,
streptomycin, tetracycline, and gentamicin, whereas
strains from goat milk were resistant to erythromycin,
oxacillin, vancomycin, ciprofloxacin, and streptomycin.
Instances of antibiotic resistance were low in LAB
strains from goat milk compared with those from cow
milk. In literature, strains of lactobacilli are generally
resistant to B-lactam antibiotics (including ceftriax-
one, ampicillin, oxacillin) as a result of the presence of
B-lactamase in such strains (Hoque et al., 2010; Jose et
al., 2015). Similarly, aminoglycoside (gentamycin and
streptomycin) and glycopeptide (vancomycin) resis-
tance have been reported in LAB, which is associated
(in most cases) with their innate resistance resulting
from the impermeability of their membrane, presum-
ably through a resistance efflux mechanism (Liasi et
al., 2009). In addition, the cytochrome-mediated elec-
tron transport responsible for the uptake of drugs is
absent in most LAB (Monteagudo-Mera et al., 2012).
Natural resistance to ciprofloxacin as obtained in our
work has also been reported by Tang et al. (2018).
Some strains of LAB contain genes that are resistant
to chloramphenicol (Sharma et al., 2014; Choi et al.,
2018). In agreement with the reports of Sharma et al.
and Choi et al., we also observed resistance to chloram-
phenicol by some strains of LAB. In addition, resistance
to tetracycline was consistent with findings of Kim et
al. (2015), congruent with most commercial probiotics
(Sharma et al., 2014).

Source and geographical location of LAB are also
factors that determine antibiotic susceptibility patterns
of potential probiotic strains (Al Kassaa et al., 2014;
Anandharaj and Sivasankari, 2014). The strain-specific
molecular basis of intrinsic antibiotic resistance by
most LAB strains requires further in-depth study. The
intrinsic resistance of probiotic strains promotes both
therapeutic and preventive benefits when administered
together with antibiotics, as intestinal microbiota
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recovery becomes facilitated (Jose et al., 2015). The
MAR indices recorded for LAB strains from cow milk
show that these strains were obtained from an environ-
ment where there is misuse of antibiotics. Furtula et
al. (2013) reported that a MAR index >0.2 indicates
strains from an environment with free access to and
abuse of antimicrobial agents. This is the case within
the study area, where livestock keepers use antibiotics
on their animals without restriction.

Regarding the safety of potential probiotic strains, it
is expected that microbial probiotic strains should be
unable to lyse red blood cells when ingested by humans
or animals. Like most LAB strains (Santini et al., 2010),
the 4 selected probiotic strains were all nonhemolytic
and thus are safe for use.

CONCLUSIONS

In this study, 63 LAB strains were isolated from
indigenous cow and goat milks in Bangladesh; only 4
of the strains met requirements for probiotics, as evalu-
ated by broad-spectrum antagonistic activity against
pathogens, competitive exclusion of pathogens, surviv-
ability in simulated gastric juice with lysozyme (pH 2),
and good cell surface properties. Out of the 4 strains
identified by 16S rRNA sequencing (L. casei C3, L.
plantarum C16, L. fermentum G9 and L. paracasei
G10), only L. plantarum C16 harbored bacteriocin,
which was sequenced to be a 2-peptide plantaricin EF.
The suitable properties exhibited by these LAB strains
make them ideal potential probiotics, especially the
plantaricin-producing strain, which could be used in
vivo or in combination with other strains in a multispe-
cies probiotic for greater effectiveness.
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Abstract

humans.

Background: Probiotics are live microorganisms that, when administered in adequate amounts, confer a health
benefit on the host, are now accepted as suitable alternatives to antibiotics in the control of animal infections and
improving animal production. Lactic acid bacteria (LAB) with remarkable functional properties have been evaluated
in different studies as possible probiotic candidates. The purpose of this study was to isolate, characterize and
assess the potentials of LAB from poultry gastrointestinal tract as potential poultry probiotics.

Results: Potential LAB probiotics were isolated from broilers, characterized and evaluated for probiotic properties
including antagonistic activity (against Escherichia coli, E. coli O157: H7, Enterococcus faecalis, Salmonella
Typhimurium, S. Enteritidis and Listeria monocytogenes), survivability in simulated gastric juice, tolerance to phenol
and bile salts, adhesion to ileum epithelial cells, auto and co-aggregation, hydrophobicity, a—glucosidase inhibitory
activity, and antibiotic susceptibility tests. Most promising LAB strains with excellent probiotic potentials were
identified by API 50 CHL and 16S rRNA sequencing as Lactobacillus reuteri 12, Pediococcus acidilactici 15, P. acidilactici
18, P. acidilactici c3, P. pentosaceus 113, and Enterococcus faecium c14. They inhibited all the pathogens tested with
zones of inhibition ranging from 125+ 0.71 to 20+ 0 mm, and competitively excluded (P < 0.05) the pathogens
examined while adhering to ileum epithelial cells with viable counts of 3.0 to 6.0 Log CFU/ml. The selected LAB
strains also showed significant (P < 0.005) auto and co-aggregation abilities with a-glucosidase inhibitory activity
ranging from 12.5 to 92.0%. The antibiotic susceptibility test showed 100.00% resistance of the LAB strains to
oxacillin, with multiple antibiotic resistance indices above 0.5.

Conclusion: The selected LAB strains are ideal probiotic candidates which can be applied in the field for the
improvement of poultry performance and control of pathogens in poultry, hence curtailing further transmission to

Keywords: Probiotics, Lactic acid bacteria, Antagonistic activity, Poultry

Background

Over the last decades, increased attention has been given
by researchers on the health benefits of microbial species
inhabiting animals including humans. The reason is that
intestinal microbiota is believed to be the largest bacter-
ial reservoir in animals [1]. These beneficial microbial
strains collectively referred to as probiotics are known to
be “live microorganisms that, when administered in ad-
equate amounts, confer a health benefit on the host” [2].
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Therefore, the application of native strains of lactic
acid bacteria (LAB) as animals’ probiotics could provide
most suitable substitute for the control and prevention
of animals’ diseases [3]. LAB including species of Entero-
coccus, Lactobacillus, Pediococcus, Streptococcus, Lacto-
coccus, Vagococcus, Leuconostoc, Oenococcus, Weissella,
Carnobacterium and Tetragenococcus are natural micro-
flora of both humans and animals GIT [4, 5]. They have
been reported to possess a broad spectrum of beneficial
and health promoting properties which dramatically in-
fluences the host microbial intestinal balance and gen-
eral performance [6, 7]. Although the effectiveness of
LAB strains used as probiotics are species and/or strains
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dependent, they must nevertheless meet all the necessary
criteria needed for acceptability as probiotics as earlier
described [8].

Feed supplementation with different types of antibi-
otics used as growth promoters and therapeutic agents
for enhancing poultry’s performance is a widespread
practice in Bangladesh and most countries. Conse-
quently, with the resultant public health concerns in-
cluding the emergence and spread of antibiotic-resistant
strains of bacteria, and the presence of low concentra-
tions of antibiotics in broiler meat, antibiotic supple-
mentation has raised serious concerns lately [9].
Furthermore, regulatory pressures over the years have
limited the application of antibiotics in poultry and live-
stock production mostly in developed countries [10].

The continuous growing demand for organic farming
and the reduction of antimicrobial usage in food-
producing animals obviously necessitate the intense
search for novel alternatives, including new probiotic
strains with more effective properties most especially in
curtailing diseases and improving production. Presently,
different commercial probiotic products marketed glo-
bally are available for poultry. Nevertheless, some of
them may not be highly potent due to insufficient exam-
ination of the specific beneficial properties of the pro-
biotic strains formulated in the product [11]. Moreover,
most manufacturers lack the patience to conduct an in-
depth study of each strain to ascertain its full probiotic
potentials before commercializing as most industries are
after profits maximization with minimal expense.

Currently, poultry production is increasing in develop-
ing countries including Bangladesh [12]. With the pres-
sure placed on antibiotics in poultry production and its
consequent public health dangers, there is an increasing
demand for poultry probiotics in Bangladesh. Unfortu-
nately, available commercial probiotics marketed are
readily imported, with huge fortunes expended. As such,
this research will unravel novel LAB strains with best
probiotic properties which will be used in poultry and
subsequently formulated for large-scale industrial pro-
duction and commercialized for poultry farmers in and
outside Bangladesh. Therefore, this study was designed
to isolate, characterize, and assess LAB strains with opti-
mal probiotic properties from broilers GIT for supple-
mentation as poultry probiotics.

Results

The criteria for identifying and selecting the most prom-
ising LAB probiotic strains to be used as poultry probio-
tics are shown in Fig. 1.

Isolation of LAB
In total, 57 LAB strains were isolated from the GIT of
apparently healthy broiler chickens (with 35 and 22 from
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the intestine and crop respectively) based on their typical
morphological appearance (small pinpointed and creamy
white colonies), Gram-positive, catalase and coagulase-
negative and non-motile, coccus and rod-shaped charac-
teristics [13].

Antagonistic activity

Agar well diffusion method

Antagonistic activity against 6 indicator strains (patho-
gens) including Escherichia coli ATCC 10536, E. coli
0O157: H7 ATCC 43894, Enterococus faecalis ATCC
51299, Salmonella Typhimurium ATCC 14028, S. Enter-
itidis ATCC 13098 and Listeria monocytogenes ATCC
19113 was tested with the 57 LAB isolates. Using the
agar well diffusion assay, 18 LAB isolates (9 each from
both intestine and crop) displayed inhibition activities
against all the pathogens tested at different degrees
(Table 1). Wider zones of inhibition were exhibited by
LAB isolates against E. coli ranging between 17 +0 to
20.0 + 0 mm while the least zones of inhibition ranging
from 125+0.71 to 17+0mm as revealed from this
study were recorded against S. Enteritidis. Furthermore,
LAB isolates from the intestines showed wider inhibition
zones against indicator pathogens examined.

Agar spot test

As in the agar well diffusion assay, only 18 LAB isolates
inhibited all the pathogens, with zones of inhibition ran-
ging from 1 to 4.0 mm (with the exception of LAB strain
c13, which showed no activity to E. coli O157: H7 and E.
faecalis). Although, pathogen inhibition by the LAB
strains is strain and pathogen specific, LAB strains iso-
lated from the intestine showed greater activity against
the tested pathogens than the LAB strains isolated from
the crop. Also, LAB strains examined showed wider in-
hibition zones against E. coli, L. monocytogenes and E.
faecalis than against S. Enteritidis respectively (Table 2).
LAB isolates that failed to show antimicrobial activity
against the pathogens examined were immediately dis-
continued from preceding evaluation.

Safety of LAB probiotic strains

LAB Haemolytic ability

Three (3) out of the 18 LAB isolates examined for
haemolytic activity were [B-haemolytic and so were
screened out of the subsequent screening for probiotic
properties, as they are not considered safe. As such, only
15 LAB isolates (7 and 8 from intestine and crop) were
used for subsequent assays (Fig. 1).

Bile salt tolerance

All the 15 LAB isolates (7 and 8 from intestine and crop)
tested show good tolerance to 0.3% bile salt after 6 h of ex-
posure. No statistical difference (P>0.05) in the LAB
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