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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

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

106−107 CFU/g or 108−109 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 (4℃) 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℃ 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 37℃. After

incubation, representative colonies were randomly puri-

fied by successive re-streaking. Gram-positive and cata-

lase-negative isolates were preliminarily considered as

possible LAB. Finally, pure cultures of LAB isolates

were stored at -80℃. 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

(< 109 cells/ml), the chromosomal DNA of the isolates

were extracted using ATPTM 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 96℃ for

5 min and then continued with the denaturation at 94℃

for 1 min 30 s, annealing at 55℃ for 1 min and extension

at 72℃ for 1min 30 s for a total of 35 cycles followed by a

final extension of 10 min at 72℃. 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
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ATCC 43894, Enterococcus faecalis ATCC 29212, Liste-

ria monocytogenes ATCC 19113, Vibrio cholerae (O1),

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-1 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 (~108

CFU/ml) (OD 0.125 in 550 nm) was swabbed followed by

placing 100 µl CFCS into 6 mm wells of agar and incu-

bated at 37℃ 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℃ 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 37℃ 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

×g, 4℃, 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 37℃

and the formation of clot was observed. 

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 37℃ 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℃, 25℃, 37℃, 45℃, or 55℃) [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

37℃, 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 × 1 cm2), that soaked into LAB suspen-

sion (~108 CFU/ml) with the intention to incubation at

37℃ 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℃.
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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 g/l, CaCl2 0.11 g/l, KH2PO4 0.60 g/l, KCl 0.37 g/l),

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 37℃. 1 ml sample

was taken and centrifuged (7000 ×g, 4℃, 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 37℃ 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 37℃ for 24 h. The presence of clear

zone (β-haemolysis), green zone (α-haemolysis) or the

absence of zone (γ-haemolysis) around the colonies indi-

cated the haemolytic activity [26]. α and γ-haemolysis

were regarded as non-haemolytic, while blood lyses

zones around the colonies were considered as hemolytic

(β-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 μg), gentamycin

(10 μg), chloramphenicol (30 μg), vancomycin (30 μg),

ciprofloxacin (10 μg), amikacin (30 μg), Azithromycin

(15 μg), ceftriaxone (30 μg), norfloxacin (30 μg), cefaclor

(30 μg) chosen recommended by the European Food

Safety Author (EFSA, 2012). After overnight growth in

MRS broth at 37℃ and diluted to match with 0.5 McFar-

land standards, the diluted culture (approximate 107

viable cells) was cotton swabbed onto Mueller-Hinton

Agar (MHA) medium (Liofilchem), and antibiotic discs

were applied onto the surface. After incubated at 37℃

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 B1

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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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-

lactici) 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. acidilactici 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-

brane structure. According to Argyri et al. [29],

resistance to bile salt is essential properties for probiotic

bacteria that can persist and colonize in the small intes-

tine of the host to provide a beneficial effect. A strain can

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.

Microorganisms

Isolates designation and zone diameter (mm)

B1 12/1 12/3 13/1 14/1
Lactobacillus 
acidophilus 

KACC 12419

Salmonella Typhimurium ATCC 14028 14 ± 0 14.5 ± 0.7 14.3 ± 0.3 15 ± 0 15.1 ± 0.1 15.3 ± 0

Salmonella Enterititidis ATCC 13098 13.5 ± 0.7 13.5 ± 0.7 13.5 ± 0.7 14.25 ± 0.3 14 ± 0 14 ± 0.2

Escherichia coli ATCC 10536 14.5 ± 0.7 15.05 ± 0.07 15.25 ± 0.3 15 ± 0 15 ± 0 21 ± 0

E. coli O157:H7 ATCC 43894 14.25 ± 0.3 14 ± 0 13.5 ± 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 14 ± 0 13.25 ± 0.3 13.25 ± 0.3 15.25 ± 0.3 14.15 ± 0.2 14 ± 0

Vibrio cholerae O1 0 13.5 ± 0.7 0 0 0 0

Shigella flexneri 12 ± 0 0 12.5 ± 0.7 13 ± 0 0 0

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

acidilactici 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-

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.

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. 
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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 γ-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 (25−55℃) except for the goat milk

isolates (Temperature ranges: 25−45℃). but for E. fae-

cium the temperature ranges was 25−45℃. The effect

of temperature on growth is shown in Table 2. Although,

all the probiotic isolates were able to grow at 25℃, 37℃

and 45℃; however, they cannot grow at 4℃. 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 25℃ and 40℃ 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

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

Growth in MRS broth: B1 12/1 12/3 13/1 14/1
Lactobacillus
 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 - - - - - -

At 4℃ - - - - - -

At 25℃ + + + + + +

At 37℃ + + + + + +

At 45℃ + + + + + +

At 55℃ - - + + - -

BSH (Bile salt Hydrolase) activity + + + + + +

Milk coagulation + + + + + +

Haemolytic activity Non-haemolytic Non-haemolytic Non-haemolytic Non-haemolytic Non-haemolytic Non-haemolytic
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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/cm2. The mean

counts of 12/3 isolates were 0, 1.82, 2.093, and 2.347 log

CFU/cm2 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/cm2 (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

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. 
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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 iso-

late 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

demonstrated notable tolerance to acidic pH 2.0 follow-

ing 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

probiotic survival [22]. Therefore, gastric juice surviv-

ability assay with lysozyme was further conducted. The

growth of the isolates decreased during incubation with

the presence of lysozyme. P. acidilactici was able to

maintain 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 µg) (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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Table 3. Antibiotics susceptibility assay for probiotic candidates.

Antibiotics
Disc 

content

Diameter of inhibition zone (mm)

B1 12/1 12/3 13/1 14/1
Lactobacillus 
acidophilus 

KACC 12419

Amikacin 30 μg 20(I) 21(S) 22(S) 19(I) 25(S) 16(I)

Vancomycin 30 μg 19(I) 18(I) 18(I) 17(I) 17(I) 11(R)

Gentamycin 10 μg 22(S) 24(S) 21(S) 22(S) 24(S) 10(R)

Chloramphenicol 30 μg 21(S) 21(S) 23(S) 21(S) 22(S) 22(S)

Nitrofurantion 300 μg 17(I) 16(I) 16(I) 16(I) 18(I) 16(I)

Streptomycin 10 μg 18(I) 21(S) 19(I) 20(I) 22(S) 11(R)

Ceptriaxone 30 μg 20(I) 19(I) 18 (I) 20(I) 20(I) 18(I)

Norfloxacin 30 μg 24(S) 20(I) 22(S) 21(S) 20(I) 17(I)

Azithromycin 15 μg 21(S) 18(I) 20(S) 21(S) 19(I) 21(S)

Cefaclor 30 μg 17(I) 15(R) 17(I) 16(I) 15(R) 12(R)

Ciprofloxacin 10 μg 21(S) 22(S) 21(S) 22(S) 23(S) 11(R)

R (resistant) = ≤15 mm
I (intermediate) = 16-20 mm
S (susceptible) = ≥ 21 mm 
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