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Abstract
Human milk can be an important source for obtaining potential probiotics strains for newborns in order
to establish the beneficial gut microbial community and development of immune system. The aim of
the study was to explore potential human breast milk probiotics and to carry out their in vitro biosafety
assessment. The study obtained three isolates namely, SP1B, B2Enr and SP1 which showed potential
probiotic activities compared to standard probiotic Lactobacillus plantarum. In addition, these isolates
were found to be safe through various in vitro biosafety aspects. The molecular identification by16srDNA
sequencing revealed that SP1B and B2Enr belong to Bacillus cereus (MK210172) and Staphylococcus
epidermidis (MK210234), respectively. For the first time, the study suggests that these bacterial strains
may come in the category of probiotics and can be considered further after in vivo biosafety assessments.
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INTRODUCTION
The WHO has defined Probiotics as ‘Live
microorganisms which when administered in
adequate amounts confer a health benefit on the
host’1. (FAO/WHO, 2002). In particular, Lactobacilli
and Bifidobacteria have been implicated as
probiotics in many food supplements2,3. Probiotics
promote health physiological functions by
surviving and colonizing into the gut 4. This
bacterial colonization into the gut may regulate the
immune system and health status of the infants5,6.
The first bacterial colonizers in breast-fed infants
are facultative anaerobes that include Enterococci,
Staphylococci, Streptococci, Lactobacilli and
Enterobacteria as well as strict anaerobe Bi
dobacteria7.
The breast milk protects mother and
infants from many infectious diseases and is a
natural source of potential probiotics strains8.
Earlier, the milk from breast was considered as
sterile; however, later many studies suggested
that the milk contains many beneficial bacteria
which enhance neonate’s immune system
and protect against many gut disorders. The
probiotics isolated from breast milk have shown
to possess antimicrobial compounds which
inhibit the growth of pathogenic organisms. 9 The
common bacterial genera found in breast milk
are Bifidobacterium, Lactobacillus, Clostridium,
Ralstonia, Staphylococcus, and Streptococcus. 8
A potential probiotic strain must possess
good acid tolerance and bile tolerance properties
in addition to the antimicrobial properties
against pathogenic bacteria. In addition, the
good cell surface hydrophobicity % of probiotics
ensures attachment to the gut epithelium which
enhances the host interaction. 10 Moreover, the
bacterial auto-aggregation results in gut bacterial
homeostasis11 and the co-aggregation property
of probiotics is also crucial for prevention of
colonization of host surfaces by pathogens12. Apart
from these potential probiotic characteristics they
must have GRAS (Generally Regarded as Safe)
property as a safety concern for consumption
by the host. The assessment of safety aspects of
probiotics can be addressed by in vitro and in vivo
tests. In particular, the in vitro safety assessment
includes antibiotic resistance, mucin degradation,
biogenic amines production, deconjugation of bile
salts, hemolytic activity and gelatinase production
Journal of Pure and Applied Microbiology

properties of the probiotic test cultures.
Since, the mother’s milk is beneficial to the
neonate and may possess such kind of probiotics;
the present study was focused to explore potential
probiotic bacteria of human breast milk samples
and to investigate the probiotic properties along
with their in vitro biosafety aspects.
MATERIALS & METHODS
Collection of Sample
Total four human breast milk samples
were collected from healthy volunteer mothers.
The mothers had full-term normal pregnancy
without any maternal perinatal problems. The
study plan was carried out in accordance with the
1964 Helsinki Declaration and also approved by the
Institutional-Human Research Ethical Committee
(IHREC), Maliba Pharmacy College, Uka Tarsadia
University, Bardoli, Gujarat, India. All women
volunteers were aware about importance of the
study and written consent was obtained.
Isolation of probiotic Bacteria
The milk samples were serially diluted
with peptone water (10-1, 10-2 & 10-3) and the
aliquots were plated on MRS agar. All the plates
were incubated at 37°C for 3 days.
Evaluation of probiotic characteristics of the
isolates
Acid and Bile Tolerance activity
The isolates obtained were further grown
in MRS-broth and cells were harvested. The cells
were suspended in PBS (pH 7. 4); which then
subjected to serial dilutions using PBS (pH 3. 0)
and kept for different time durations (0hr, 2hrs,
4hrs and 24 hrs). The aliquots were plated on MRS
agar followed by incubation at 37°C for 24-48 hrs.
The CFU/ml was calculated for each of these plates
and the growth on MRS agar indicated the acid
tolerance of the isolates.
The MRS agar was prepared using
different concentrations (0. 3%, 0. 5%, 1. 0%, 1. 5%)
of Cholic acid. The serial dilution of cell suspension
was prepared and aliquots were plated on Cholic
acid-MRS agar followed by incubation at 37°C for
24-48 hrs. CFU/ml was then calculated for each
of these plates and the growth on Cholic acidMRS Agar was used to designate the bile tolerant
property.
Antibacterial Activity
The cell-free neutralized supernatants
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(CFNS) were used for assessing the antibacterial
activity. The cultures were grown in MRS-broth for
18 hrs at 37°C to obtain CFNS. The supernatant
pH was adjusted to 6. 5-7. 0 using 1N NaOH. The
supernatant is then heated at100°C for 5 min.
and cooled down followed by storage at -20°C.
The neutralized CFNS were then checked for
its antibacterial activity against Staphylococcus
aureus, Pseudomonas aeruginosa, Escherichia coli,
and Proteus vulgaris using the agar well diffusion
method.
Cell surface hydrophobicity
The isolates were grown in MRS-broth;
cells were harvested, washed with PBS and
suspended in five ml Phosphate Urea Magnesium
(PUM) buffer. Initial O. D. (ODInitial) of the cell
suspension was taken at 610 nm. Three ml bacterial
suspension was mixed with one ml of respective
hydrocarbons followed by incubation at 37°C for
10 min. It was then vortexed for 120 secs and kept
undisturbed at 37°C for one hour to allow phase
separation. The aqueous phase was carefully
removed after one hour with a Pasteur pipette. The
O. D. was measured using spectrophotometer and
hydrophobicity percentage (H%) was calculated by
the following formula13:
H % = (1 - A1/A0) X 100 [A1 is initial O.
D. and A0 is final O. D. ]
Auto aggregation property
The cells were freshly grown in MRS-broth
at 37°C, harvested and washed twice with PBS.
The cells were then suspended in PBS and initial
absorbance (Absinitial) was taken at 600nm. The
cell suspension was centrifuged and pellet was
resuspended in equal volume of broth removed
at first step. The mixture was then allowed to
stand for 2 hrs at 37°C. Further, one ml of the
upper suspension was taken to measure the
absorbance (Absfinal) by using broth as reference.
The aggregation % was calculated by the following
formula14:
Aggregation %= (Absinitial - Absfinal) / Absfinal X 100
Co-aggregation property
The indicator organisms were grown
in nutrient broth and the isolates were grown
in MRS-broth at 37°C. The cells were pelleted
down, washed twice with PBS and resuspended
in PBS. The O. D. was taken at 600nm. The
probiotics were mixed with pathogenic organisms
followed by incubation at 37°C for 24 hrs. Further,
Journal of Pure and Applied Microbiology

the absorbance was taken at 600 nm and the
percentage of co-aggregation was calculated as
[(Apathogen + Aprobiotic)/2 - (Amix)/(Apathogen
+ Aprobiotic)/2]  ׳100 [Apathogen and Aprobiotic
refers to absorbance in the tubes containing either
the pathogen or the probiotics respectively; Amix
refers to absorbance of the mixture of both at
24hrs]15.
Assessment of in vitro biosafety aspects of
isolates
Biogenic amines and Gelatinase production
The biogenic amines production of
isolates was assessed as mentioned previously16.
The isolates were grown overnight at 37°C in MRSbroth (supplemented with 2g/l final concentration
of different amino acids such as histidine, arginine,
phenylalanine, tryptophan, and lysine). After 3-5
days of incubation, 0. 2 ml of the suspension was
mixed with two ml of modified decarboxylase
broth followed by incubation for 3 days under
anaerobic condition. The presence of biogenic
amines was indicated when purple color changes
to yellow and again turned to purple.
Gelatinase production of the isolates was
assessed as described by Eatson & Gasson17. The
isolates were grown in MRS-broth at 37°C and
streaked on Todd-Hewitt agar plates containing
30gm/liter of gelatin. The plates were placed at
4°C for 5 hours after the incubation. The protein
hydrolysis was assessed by zones of turbidity
around the colonies.
Mucin degradation and Hemolytic activity
The isolates were grown in MRS-broth
at 37°C. Ten micro liter of viable cultures were
inoculated on the surface of medium B with some
modifications. All the plates were incubated at
37°C for 72 hours under anaerobic condition.
Mucin degradation was confirmed upon staining
with 0. 1% w/v amido black in 3. 5M acetic acid (for
30 min) and washing with 1. 2M acetic acid which
resulted in a discolored zone around the colony.
The hemolytic activity was checked as
mentioned previously18. The isolates were grown
in MRS-broth at 37°C and then streaked onto blood
agar plates followed by incubation of 24 - 48 hrs.
After incubation period colonies were checked
for clear zones to be reported as α-hemolysis,
β-hemolysis or γ-hemolysis.
Bile salts deconjugation and Antibiotic resistance
Bile salts deconjugation was assessed as
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for Windows, version XX (IBM Corp. , Armonk, NY,
USA). For each sample, the results were expressed
as mean±SD.

mentioned previously19. The isolates were grown
in MRS-broth at 37°C and then inoculated on the
MRS agar plates (supplemented with 0. 05% w/v
L-cysteine and 0. 5% w/v sodium salts). All the
plates were incubated at 37°C for 72 hrs under
anaerobic condition. The bile salt deconjugation
was confirmed by the presence of bile acid
precipitation around the colonies.
The disc diffusion method was used for
assessing antibiotic resistance of the isolates20.
The freshly grown cultures were spreaded onto
Muller-Hinton Agar (MHA) plates. The antibiotic
multidiscs were then placed and plates were
incubated at 37°C for 2 days. The zone of inhibition
surrounding the disc was measured in mm, and the
isolates were tagged as susceptible, moderately
susceptible and resistant to the respective
antibiotics.
Molecular identification
The selected probiotic isolates were
subjected to genomic DNA isolation and 16srDNA
PCR was performed using the forward primer: 5’
AGAGTTTGATCCTGGCTCAG3’ and reverse primer:
5’AAGGAGGTGATCCAGCCGCA3’. The PCR products
were then sent for 16srDNA sequencing. The
DNA sequences were BLAST from the existence
microbial DNA database and Phylogenetic trees
were evaluated.
Statistical Analysis
For the cell surface hydrophobicity,
auto-aggregation and co-aggregation properties
of the isolates, one way ANOVA was carried out
using Duncan analysis test in IBM SPSS Statistics

RESULTS
Evaluation of the isolates for probiotic properties
Total 114 isolates were obtained from
the human breast milk samples. The isolates were
further subjected to assessment of their probiotic
characteristics.
Acid and Bile Tolerance Activity of Isolates
The present study isolates were found
to be resistant to pH 3. 0 during 0 hr, 2 hrs, 4 hrs
and 24 hrs. However, seven isolates were found to
possess good acid tolerance at pH 3. 0 as indicated
by CFU/ml (Table 1). Moreover, it was found that
the isolate B2ENr showed maximum acid tolerance
as compared to that of standard probiotic L.
plantarum.
The bile tolerance property was showed
by all the isolates at 0. 5% Cholic acid whereas,
some of the isolates showed tolerance upto 1%
Cholic acid (Table 1). Interestingly, SP1S isolate
was found to be more bile tolerant and capable
of tolerating 1. 5% Cholic acid as compared to L.
plantarum.
Antibacterial activity of Isolates
All the isolates showed inhibitory
effect on the growth of all test microorganisms
used except SP2 and SP1M which did not show
antibacterial activity against P. aeruginosa and
P. vulgaris respectively; as suggested by the
diameter of inhibitory zones (Table 2). However,

Table 1. Acid and Bile tolerance properties of the different isolates
Isolates		
0 hr

CFU/ml (pH 3)				Bile concentration (Cholic acid)
2 hrs

4 hrs

24 hrs

0.3%

0.5%

1.0%

1.5%

L.
289 x 105 237 x 105 175 x 105 112 x 105 245.5 x 104 166 x 104 148 x 104
<30
plantarum
SP1
128 x 105 118 x 105 93.3 x 105 76 x 105
88 x 104
90 x 104
97 x 104
No
								
growth
SP2
175 x 105 141 x 105 108.3 x 105 67 x 105
228 x 104 222 x 104 103 x 104
<30
5
5
5
5
SP3
140 x 10
103 x 10
87 x 10
42 x 10
150 x 104
88 x 104 No growth
No
								
growth
SP1B
109.3 x 105 98 x 105 81.6 x 105 57 x 105
293 x 104 152 x 104
78 x 104
No
								
growth
SP1M
168 x 105 102 x 105
74 x 105
28 x 105
148 x 104
52 x 104
32 x 104
<30
SP1S
282 x 105 191 x 105
89 x 105
39 x 105
235 x 104 202 x 104 107 x 104
37 x 104
B2Enr
190 x 105 180 x 105 177 x 105 163 x 105
89 x 104
123 x 104 124 x 104
<30
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52.26±1.12b
14.30±1.11e
12.80±1.83e
15.20±1.57e
29.10±0.95d
46.50±1.17c
45.10±1.70c
72.03±0.98a
75.46±1.05a
16.43±0.80h
63.10±2.81c
28.16±1.06g
43.93±1.62e
53.28±0.85d
41.33±1.04f
71.50±1.24b
98.53±1.00a
17.10±1.50f
98.46±2.56a
61.46±1.19d
87.50±0.60b
54.43±1.10e
71.30±1.25c
99.20±0.75a
49.36±1.02d
21.33±1.25g
39.06±0.90f
84.26±1.25a
52.26±1.25c
42.60±1.55e
66.26±0.75b
41.33±1.20e
75.97±1.65e
9.10±0.11h
81.36±1.58d
93.32±1.63b
62.58±2.03f
56.10±1.55g
85.40±1.15c
98.61±1.20a
95.07±1.05a
8.68±0.12e
71.18±1.06b
60.35±0.55b
47.75±12.39c
28.66±12.45d
20.51±1.02d
99.25±1.05a

Candida
S. aureus
albicans		
Bacillus
cereus

Co-aggregation (%)

Vibrio
mimicus
1125

*Results were presented as mean ± standard deviation. Data was analyzed using one way ANOVA.
Values with different lower case letters are significantly differed i.e. p< 0.05 according to Duncan analysis Test.

xylene and B2Enr showed highest hydrophobicity
with chloroform.
Further, the auto-aggregation property
was assessed and analyzed by Duncan analysis
test which indicated that all the isolates possess
good auto-aggregation property (p < 0. 05; Table
3). Interestingly, the SP1S was found to possess
highest auto-aggregation property among all the
isolates and as compared to the standard probiotic
L. plantarum.
The co-aggregation property was
also found to be good for all the isolates with
pathogenic test organisms (p < 0. 05; Table 3). The
isolates SP1, SP3, SP1M, and SP1S showed highest
co-aggregation % with Pseudomonas aeruginosa
which was comparable to that of L. plantarum.
However, the statistical analysis showed that SP2

74.24±0.73d
81.23±1.11b
53.00±1.00e
78.13±0.91c
81.05±0.75b
85.00±2.00a
77.00±1.00c
76.93±1.71c

29
13
11
25
00
18
12

52.66±2.08c
42.03±0.95d
26.83±0.76f
31.20±1.25e
56.00±1.00b
31.00±1.00e
83.00±2.64a
31.00±1.00e

19
15
10
9
25
16
16

25.00±3.00c
16.33±0.57e
61.33±1.52a
19.00±1.00d
33.33±1.52b
16.83±0.76de
33.00±1.00b
12.16±0.76f

13
00
8
7
7
12
10

SP1
SP2
SP3
SP1B
SP1M
SP1S
B2Enr
Lactobacillus
plantarum

25
25
23
24
24
19
28

Bacillus
sp.

P.
vulgaris

E.
coli

S.
aureus

Xylene
Chloroform
%
				

P.
aeruginosa

Cell surface Auto- 				
hydrophobicity
aggregation

SP1
SP2
SP3
SP1B
SP1M
SP1S
B2Enr

E.
coli

Isolates

Isolates 		Diameter of zone of inhibition (in
mm) against indicator bacteria

Table 3. Cell surface hydrophobicity, auto- co-aggregation properties of the different probiotics isolate

Table 2. Antibacterial activity of isolates against
different indicator microorganisms

P.
aeruginosa

E. coli was found to be highly susceptible to the
antibacterial action of SP1, SP2, SP3, SP1B, SP1M and
B2Enr. SP1, The SP1B and SP1S exhibited maximum
antibacterial activity against P. vulgaris whereas
SP1, SP1S and B2Enr showed good antibacterial
activity against P. aeruginosa. The S. aureus growth
was highly susceptible to antibacterial action of
SP1M, SP1, SP2, SP1S and B2Enr.
Cell surface hydrophobicity, Auto-aggregation
and Co-aggregation properties of Isolates
The evaluation of hydrophobicity % of all
the isolates suggested that most of the probiotic
isolates possess good surface hydrophobicity as
compared to standard probiotic L. plantarum (Table
3). However, few isolates showed poor adhesion
ability as suggested by less hydrophobicity %. The
SP3 isolate showed the highest hydrophobicity with

99.31±1.09a
62.20±1.25e
99.46±0.83a
86.36±1.09c
96.56±1.05b
98.46±2.56ab
70.46±0.89d
99.56±0.66a
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isolate exhibit less co-aggregation property with
all the tested microbes including Vibrio mimicus.
Assessment of in vitro biosafety aspects of
selected probiotics
Biogenic amines and Gelatinase production by
isolates
The SP 1 isolate did not produce any
biogenic amines against arginine, phenylalanine,
tryptophane, lysine amino acids, but it produced
biogenic amines against histidine (Table 4). The LB
isolate was not found to produce biogenic amines
against all the amino acids used. The SP1B and L.
plantarum showed biogenic amines production
against all the amino acids whereas B2Enr did not
produce biogenic amines against all amino acids

except the arginine.
Further, all the isolates were checked for
their geletinase production property (Table 5b).
None of the probiotic isolates showed gelatinase
production, as no zone of clearance was found
surrounding the colonies on Todd-Hewitt agar
plates.
Mucin degradation and Hemolytic activity of
Isolates
The mucin degradation property was
exhibited by only two probiotic isolates SP1M and
SP1S which showed clear zones around colonies on
medium B (Fig. 1). The other isolates namely SP1,
SP2, SP3, B2Enr, LB and Lactobacillus plantarum did
not show mucin degradation.

Table 4. Biogenic amines (BA) production by probiotic isolates
Amino acids
SP1
SP2 SP3 SP1B SP1M SP1S B2Enr
LB
L.
									
plantarum
Histidine
Arginine
Phenylalanine
Tryptophane
Lysine

+ve
-ve
-ve
-ve
-ve

-ve
+ve
+ve
-ve
-ve

+ve
+ve
+ve
-ve
-ve

+ve
+ve
+ve
+ve
+ve

+ve
+ve
-ve
-ve
-ve

-ve
+ve
+ve
-ve
-ve

-ve
+ve
-ve
-ve
-ve

-ve
-ve
-ve
-ve
-ve

+ve
+ve
+ve
+ve
+ve

*+ve :BA production; -ve : No BA production

Fig. 1. Mucin degradation by probiotic isolates: SP1M and SP1S showed mucin degradation as observed by clear
zone around the colonies. Pseudomonas aruginosa was used as positive control for mucin degradation.
Journal of Pure and Applied Microbiology
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Table 5. Comparison of probiotic properties and in vitro biosafety aspects of different isolates
(a) Comparison of probiotic properties
Isolates

Acid
tolerance

SP1
SP2
SP3
SP1B
SP1M
SP1S
B2Enr
L. plantarum

++
+++
++
+++
++
++
+++
+++

Bile
tolerance

Antibcterial
activity

Autoaggregation

Cell surface
hydrophobicity

Coaggregation

+++
+++
++
+++
++
++
+++
+++

+++
++
+++
+++
++
+++
+++
+++

+++
+++
+++
+++
+++
+++
+++
+++

++
++
++
++
++
++
++
++

+++
+
+++
+++
++
+++
+++
+++

Biogenic
amine
production

Hemolytic
activity

Gelatinase
production

Deconjugation
of bile salts

+
+
+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

*+: Good; ++: very good; +++: Excellent

(b) Comparison of in vitro biosafety aspects
Isolates

Antibiotic
Mucin
resistance
degradation
			
SP1
SP2
SP3
SP1B
SP1M
SP1S
B2Enr
L. plantarum

+
+
+
+
+
+
+
+

+
+
+
+
+
+

* +: Considered as biosafe; - : Considered as non biosafe

The β-hemolytic activity was exhibited
by two probiotic isolates namely SP2 and SP3 as
indicated by yellow zones around the colonies (Fig.
2). The other isolates namely SP1, SP1M, SP1S, B2Enr,
LB and Lactobacillus plantarum did not show any
hemolysis.
Deconjugation of bile salts and Antibiotic
resistance of isolates
None of the probiotic isolates were found
to exhibit deconjugation property for bile salts,
as no precipitation was observed for the colonies
(Table 5b).
The antibiotic discs of ampicillin,
ka n a myc i n , e r y t h ro myc i n , p e n i c i l l i n - G ,
vancomycin, rifampicin were used for assessing
antibiotic resistance. All the isolates were found
to be resistant to penicillin-G. However, they
showed susceptibility to ampicillin, kanamycin,
Journal of Pure and Applied Microbiology

erythromycin, vancomycin and rifampicin. The
SP1B was moderately susceptible to erythromycin
(Fig. 3).
Comparison of probiotic properties and in vitro
biosafety aspects of the isolates
Further, the probiotic properties and in
vitro biosafety aspects were compared among
the isolates (Tables 5a & b, respectively). The
comparison of probiotic properties revealed
that SP1B and B2Enr exhibited excellent probiotic
characterisitics among the isolates which were also
comparable to the standard probiotic L. plantarum
as well. The comparison of in vitro biosafety
aspects of the isolates suggested that SP1B, SP1
and B2Enr can serve as biosafe probiotics, since
they passed all the in vitro biosafety assessment
criteria used in the present study.
1127
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Fig. 2. Hemolytic activity of probiotic isolates: SP2 & SP3 showed b-hemolysis. S. aureus was used as positive
control culture for b-hemolysis.

Cultural characteristics and Molecular
identification of isolates
The cultural and biochemical aspects
were also studied for the selected seven isolates
(Table S1 & S2). The SP1M, SP2, B2Enr, SP1, and SP1S
were revealed as gram positive cocci, whereas SP3
and SP1B were found to be gram positive bacilli.
The molecular identification of selected
probiotic isolates (SP1B & B2Enr) which passed
the in vitro biosafety aspects was carried out by
16srDNA sequencing. The results revealed the SP1B
isolate as Bacillus cereus (MK210172) and B2Enr
as Staphylococcus epidermidis (MK210234). The
16srDNA sequences were submitted to GenBankNCBI and the accession numbers MK210172 and
MK210234 were obtained for Bacillus cereus and
Staphylococcus epidermidis, respectively. The
phylogenetic analyses of the probiotic isolates
(SP1B and B2Enr) have been shown in Fig. 4a & b.

Staphylococci, Streptococci, Enterococci and
Lactococci21. Moreover, it also contains prebiotics
such as human milk oligosaccharides, which
promotes the growth and activity of bacteria22.
According to analysis of women who take
probiotics during pregnancy reduce their child
risk of developing allergies. The bacteria isolated
breast milk such as Lactobacillus fermentum,
Lactobacillus rhamnosus, Lactobacillus gasseri and
Enterococcus feacium have been considered as
potential probiotic bacteria23. Thus, the probiotics
isolates of breast milk can be of significant use in
different human health conditions and particularly
for malnourished children.
The present study evaluated probiotic
characteristics as well as biosafety aspects of
the isolates obtained from the human breast
milk samples. Since, probiotics are administrated
orally; they must resist the low pH of the gastric
juice in the stomach. Hence, acid tolerance is one
of the important probiotic properties. Previously,
probiotic bacteria isolated from human breast milk
[L. crispatus, L. fermentum, L. gasseri, Lactobacillus
rhamnosus (KF477283) and Lactobacillus casei
(KF477282)] showed good acid tolerant property
at pH 324,25. We found total seven isolates showing

DISCUSSION
The breast milk is crucial and fulfills
the nutritional requirements for newborns.
The human breast milk contains over 700
different types of bacteria, including the
genera, Bifidobacteria Micrococci, Lactobacilli,
Journal of Pure and Applied Microbiology
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Fig. 3. Antibiotic resistance of probiotic isolates shown on Muller Hinton Agar plates. All the probiotic isolates were
resistant to Penicillin-G antibiotic. The probiotic isolates were susceptible to Kanamycin, Erythromycin, Vancomycin,
Ampicillin, Rifampicin antibiotics.

tolerance to acidic condition (pH 3) with different
time durations. The isolate B2Enr showed better
acid tolerance property as compared to the
standard probiotic L. plantarum. The secretion of
bile extract into the duodenum directly hampers
probiotic bacteria. The physiological human bile
concentrations range from 0. 3% to 0. 5%. Hence,
the bile tolerance property of the probiotics
must be assessed. Previously, human breast milk
isolate L. rhamnosus demonstrated 80% survival
rate when subjected to 1. 0% bile concentration.
26
Interestingly, SP1S isolate from the present
study was able to tolerate bile salt up to 1. 5% as
compared to L. plantarum; whereas, SP2, B2Enr and
Journal of Pure and Applied Microbiology

SP1 showed tolerance upto 1%.
The antimicrobial activity against
pathogens is also an important attribute for the
selection of potential probiotics to maintain
a healthy microbial homeostasis in the GIT.
Previously, human breast milk isolates, Pediococcus
pentosaceus and Lactobacillus casei showed good
antibacterial activity27,28. In the present study, all
isolates showed antibacterial activity against the
indicator microorganisms except SP2 and SP1M.
The E. coli was found to be highly susceptible
to the antibacterial action of the isolates. The
antibacterial action of SP1, SP1B and SP1S was found
to be effective against P. vulgaris, whereas SP1,
1129
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Fig. 4. (A) Phylogenetic analysis of SP1B, from the results of 16s rDNA sequencing and phylogenetic analysis SP1B
was identified as Bacillus cereus; (B) Phylogenetic analysis of B2Enr, By 16s rDNA sequencing and phylogenetic
analysis SP1B was identified as Staphylococcus epidermis.

have reported that the probiotics showed highest
affinity for xylene and relatively more affinity for
n-hexadecane in comparison to other strains31,32.
In addition, study by Yadav et al. 31, suggested that
their isolates have good aggregation property. In
the present study, the auto-aggregation property
of SP1S, SP1M and SP2 was found to be the highest
(i. e. 85%, 81. 05% and 81. 23% respectively).
Moreover, the co-aggregation with pathogenic
microbes is also important for probiotics since
it decreases the activity of the pathogens. Our
results of co-aggregation tests are in accordance
with the previous studies. 12,29 The isolates were
found to co-aggregate with Escherichia coli,
Bacillus sp. , Bacillus cereus, Candida albicans,
Vibrio mimicus, Staphylococcus aureus and
Pseudomonas aeruginosa. The SP 1, SP 3 and
SP1S isolates showed maximum co-aggregation
ability with Pseudomonas aeruginosa. The SP3
exhibited 98% co-aggregation property with Vibrio
mimicus and the SP1 had 95. 07 % and 98. 53%
co-aggregation ability with Escherichia coli and
Vibrio mimicus respectively. The SP1B had 93. 32%
co-aggregation ability with Bacillus sp. and the
SP1M had 96. 56% co-aggregation property with
Pseudomonas aeruginosa.

SP1S and B2Enr showed good antibacterial activity
against P. aeruginosa. The S. aureus growth was
highly susceptible to antibacterial action of SP1M,
SP1, SP2, SP1S and B2Enr. These results suggest that
the isolates possess good antibacterial activity
which can vary according to the type of probiotic
strain and the pathogenic organism.
Furthermore, the probiotics should
possess good cell surface hydrophobicity,
auto-aggregation as well as co-aggregation
properties with different pathogenic strains.
For the attachment of bacteria to host tissue,
the hydrophobic outermost surface renders a
competitive advantage and also important for
bacterial colonization in the human GIT 12,29.
Moreover, to assess the colonization potential
of the organism the hydrophobicity to different
hydrocarbons has been considered as an in vitro
biochemical marker. 30 Our results suggested
that SP3 possesses highest affinity that is 61% to
xylene as compared to standard probiotic strains
Lactobacillus plantarum. With chloroform, B2Enr
showed highest affinity (i. e. 83%). The other
probiotic isolates also exhibited good affinity with
these hydrocarbons indicating that they have
good cell surface hydrophobicity. Previous studies
Journal of Pure and Applied Microbiology
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The probiotics must have GRAS property
in order to consider it for human consumption
and therefore must undergo for in vitro and in
vivo biosafety assessment. The present study
addressed the different in vitro biosafety aspects.
The antibiotic resistance is also a crucial criterion
for biosafety. The probiotic must not contain
any transferable antibiotic resistance gene.
The probiotic bacteria such as Lactobacilli
have been found susceptible to penicillin and
ampicillin, whereas resistant to vancomycin33.
Previously, Lactobacillus sp. was reported to
be highly resistant to ciprofloxacin, fusidic acid,
metronidazole, streptomycin, sulfadiazine,
kanamycin, gentamicin, nalidixic acid, bacitracin,
cefoxitin and vancomycin 33,34. In the present
study antibiotics such as ampicillin, kanamycin,
erythromycin, penicillin-G, vancomycin and
rifampicin were used. All probiotic isolates were
resistant to penicillin-G; however, they were
all susceptible to other antibiotics used in the
study. The SP1B was found to be moderately
susceptible to erythromycin. Earlier, MuסozAtienza et al. 35 reported that their probiotic
strains including Pediococci strains were resistant
to erythromycin, tetracycline, ciprofloxacin,
norfloxacin, rifampicin, ampicillin, penicillin,
gentamycin, streptomycin etc. In another study,
the isolates were sensitive to erythromycin,
bacitracin, rifampicin, chloramphenicol, ofloxocin,
novobiocin and clindamycin; however, they
showed high resistance to polymixin B, cefuroxime,
vancomycin, kanamycin gentamycin, cefazolin,
ampicillin, amikacin and cephalothin32.
The biogenic amines (BA) are low
molecular weight compounds impicated in
various biological activities. The food containing
higher amount of BA causes human ailments
leading to vomiting, hypertension, palpitations,
and headache36. The decarboxylase or deiminase
activity of some probiotics converts amino acids
into BA. Moreover, the amino acids catabolism
by probiotics may affect quality and safety of
foods. Hence, probiotics should not produce
large amount of BA36. Previously, study by Singh
et al. 32 suggested that none of their probiotic
strains produced BA from the amino acids used,
hence they can be considered as safe according
to BA production aspect. In this study, most of the
probiotic isolates were not found to produce BA
Journal of Pure and Applied Microbiology

when subjected to amino acids such as Histidine,
arginine, tryptophane, lysine and phenylalanine.
The isolate B2Enr did not produce BA in the presence
of all amino acids except arginine. However, the
SP1B and L. plantarum produced BA against all the
amino acids. In particular, SP1 did not produce BA
in the presence of arginine, lysine, tryptophane,
and phenylalanine, however, it produced BA in
the presence of histidine. The SP2 and SP1S isolates
did not produce BA in the presence of histidine,
tryptophane and lysine, but they produced BA
using arginine and phenylalanine precursors.
SP1M did not produced BA using phenylalanine,
tryptophane, lysine but it produced BA in the
presence of histidine and arginine. The SP 3
produced BA in the presence of histidine, arginine,
phenylalanine but it did not produce BA by using
lysine and tryptophane. Hence, SP1 and B2Enr can
be considered as biosafe because they did not
produce BA when subjected to different amino
acids precursors. However, the isolates which
could produce the BA may be further subjected
to quantitative evaluation of BA through HPLC to
determine the level of BA production.
Furthermore, the mucin degradation is
an important criterion for biosafety assessment
of probiotics. The probiotic should not degrade
mucin. In the present study, except two probiotic
isolates SP1M and SP1S, all probiotic isolates did
not degrade mucin. Hence, SP1M and SP1S cannot
be considered as safe. In one previous study, none
of the probiotic isolates degraded mucin32. In
addition, the hemolytic activity of bacteria is an
indication of pathogenicity. Probiotics must not
show hemolytic activity. In this study, all probiotic
isolates did not show hemolysis on blood agar,
except the two probiotic isolates SP2 and SP3
which showed ג-hemolysis. Hence, SP2 and SP3
cannot be considered as safe. One previous study
suggested that Bacillus clausii UBBC07 did not
show hemolytic activity and can be considered
as safe probiotic37. Similarly, in another study32
none of their isolates showed hemolytic activity.
The gelatinase production is also an indication
of bacterial virulence 38. Probiotics must not
produce gelatinase. In the present study, none
of the probiotic isolates produced gelatinase and
our results are in accordance with the previous
study32. The deconjugation of bile salts exerted
by microbes may promote many alterations in
1131

www.microbiologyjournal.org

Kurkutia et al. J Pure Appl Microbiol, 13(2), 1121-1134 | June 2019 | DOI 10.22207/JPAM.13.2.51

physiochemical properties. Hence, probiotics
should not deconjugate bile salts present in
intestine39. In the present study, none of the
probiotic isolates showed deconjugation of bile
salts and our results are in line with those reported
previously32.
Further, we compared the in vitro
biosafety aspects of all our isolates which
revealed that three probiotic isolates namely,
SP1B, B2Enr and SP1 can be considered as safe
as they passed all above mentioned criteria
of biosafety aspects. Moreover, these isolates
possess potent probiotic properties among other
isolates. In addition, these probiotic isolates were
found to exhibit good cell surface hydrophobicity,
good auto-aggregation as well as good coaggregation property with pathogenic organisms.
The molecular characterization of SP1B and B2Enr
by 16srDNA sequencing suggested SP1B as Bacillus
cereus (MK210172) and B2Enr as Staphylococcus
epidermidis (MK210234). Among the currently
used probiotic products, mostly probiotic strains
are bacterial spore formers such as genus Bacillus,
which has been shown to prevent GIT disorders40.
The B. cereus has been used as a potential probiotic
in human medicine and livestock production as
well41. The B. cereus CenBiot was proposed as
a suitable candidate for probiotic elaboration42
and was examined in farms where it controlled
diarrhoea and feed conversion in pigs43. In the EU
two Bacillus products have been licensed for use in
animals viz. Toyocerin and BioPlus 2B44,45; wherein
the Toyocerin consisting of B. cereus var toyoi was
found extremely safe for animal use. Though,
till now S. epidermidis has been considered as
an opportunistic pathogen, the recent studies
reveal that S. epidermidis plays an important role
in skin homeostasis via suppressing inflammatory
cytokines and producing antimicrobial molecules
to inhibit skin pathogens 46. In addition, one
recent study has reported the strong skincare
effect of a probiotic skin product consisting of S.
epidermidis47. Moreover, study by Wang et al. 48
reported that S. epidermidis inhibits the growth
of Propionibacterium acnes and can be implicated
as probiotics in acne vulgaris. Recently, a review
article has highlighted the role of S. epidermidis,
Lactobacillus and Bifidobacterium sp. in the
treatment of atopic dermatitis49. (Mottin and
Suyenaga, 2018). However, many of these studies
Journal of Pure and Applied Microbiology

were conducted in vitro, and more detailed
research should be performed in order to prove
the efficacy and safety of these probiotics.
CONCLUSION
Overall, the present study found that the
three isolates namely SP1B (B. cereus; MK210172),
B2Enr (S. epidermidis; MK210234) and SP1 obtained
from human breast milk can be considered as
potential probiotics. These isolates have shown
better probiotic activities as compared to standard
probiotic L. plantarum. Though, previously B.
cereus and S. epidermidis were considered as
opportunistic pathogens; the present study
findings along with the other above mentioned
studies suggest the use of these bacterial strains
to be safe and beneficial. However, these bacterial
strains must be assessed further for in vivo
biosafety aspects using animal models for its
consideration of human and/or animal use.
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