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Abstract

Human breast milk is a prominent source for microbiota development in the infant gastrointestinal tract. It is reported that probiotics
in breast milk have a major role in the protection of the newborns and as well as infants when compared to formula milk/cow milk fed
babies. The aim of the present study was to isolate and identify the probiotics from human breast milk. Fifty healthy women during the
first week of postpartum were selected randomly and milk samples were collected aseptically. The samples were screened for probiotic
microflora using microbiological methods, including serial dilution and plating on de Man-Rogosa-Sharpe agar. The isolates suspected
to be probiotics were selected for morphological, biochemical and molecular characterization and bioinformatics analysis. They were
further evaluated for their probiotic potential. Mixed microflora were found: commensal microorganisms like Streptococcus spp.,
Staphylococcus spp. and Lactobacillus spp. Twelve Lactobacillus spp. were isolated from breast milk, which were confirmed for genus
and species by molecular methods and bioinformatics. These Lactobacilli were found to be acid resistant, tolerant to 0.3% bile and had
ability to inhibit the growth of food-borne pathogens. A diversified bacterial population was present in human breast milk, and it was
also found to be a rich source for beneficial probiotics, particularly Lactobacillus spp.

Key words: human milk, lactic acid bacteria, Lactobacillus, milk microbiome, probiotics.
Abbreviations: ABR, antibiotic resistance; ABS, antibiotic sensitivity; BLAST, basic local alignment search tool; CFU, colony-forming
units; HBM, human breast milk; MRS, de Man-Rogosa-Sharpe; MR-VP, methyl red/Voges Proskauer; SDS, sodium dodecyl sulphate.

Introduction microflora present in breast milk represents the very first

microbes that enter into human body and plays a crucial

Human breast milk (HBM) renders a complete nutrition
for the newborn. It contains numerous immune substances
includes antibodies, cytokines and chemokines, growth
factors, immunoglobulins, and hormones (Walker 2010).
HBM consists of high amounts of nutrients that are
imperative for the growth of infants. These substances
plays a crucial role in supporting the development and
survival of the infants because of nutrient supply and also
due to the transfer of beneficial microbes present in the
breast milk (Martin et al. 2016). It is also considered as a
postnatal microbial link due to its diversified microflora,
which enhances the microbial colonization in the gut
of infants (Jost et al. 2014). A breastfed baby consumes
approximately 800 mL milk per day, which amounts to
about 1 x 107 bacteria daily (Heikkila, Saris 2003). The

role in the infant’s development and physiology (Cabrera-
Rubio et al. 2012). Establishment of gut microbiota in the
infant is a stepwise process, which promotes the immune
system by the gut development (Mackie et al. 1999). It has
been suggested that an infant’s exposure to such a wealth
of microbial phyla through breast-feeding may exert a
number of useful effects against various diseases (Hunt et
al. 2011).

Many studies have proved that breast milk plays
an important role in the establishment of the early gut
microbiome in infants, where the same microbial flora
in the breast milk of the mother was observed in the
corresponding infant faeces (Lee et al. 2015; Ho et al. 2018;
Madan et al. 2019). Subsequently, many other studies
proved that the breast milk microflora was similar with
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the mother’s gut microbiome, providing evidence for the
entero-mammary pathway (Padilha et al. 2019; Kordy et
al. 2020). These bacteria may also play prominent roles in
reducing the occurrence and intensity of infections in the
breast-fed baby. In fact, some of the beneficial microbiota
isolated from breast milk have inhibitory ability against
various pathogenic bacteria by competing for adhesion
and/or through producing various antibacterial substances
like hydrogen peroxide, bacteriocin and organic acids
(Beasley, Saris 2004; Olivares et al. 2006; Martin et al. 2015).

Breast milk promotes the establishment, colonization,
growth and maturation of the gut microbiome in the infant.
Numerous genera and species of bacteria are present in
human breast milk, among which bacteria like Lactococcus
(Beasley, Saris 2004), Enterococcus (Huang et al. 2019),
Pediococcus (Osmanagaoglu et al. 2010), Lactobacillus
(Jamyuang et al. 2019) and Bifidobacterium spp. (Martin et
al. 2009) are considered as probiotic microorganisms that
confer health benefits to the infant. The supply of these
beneficial microbes to the newborn gut is through breast
feeding, indicating mother-infant microbial exchange
through a postnatal route (Solis et al. 2010). The probiotic
bacteria originated from milk were found to have good
colonization in the human/animal gastrointestinal tract
(Monteagudo-Mera et al. 2012). Probiotics isolated from
breast milk used to complement food products would have
important criteria like having human origin, ability to
adapt to dairy substrates, and being safe for consumption
by infants (Klaenhammer, Kullen1999; Martin et al. 2004).
Although there have been a number studies in this field,
probiotic isolates from a certain geographical region and
environment would be more adaptable and potentially
confer more benefits. The aim of the current study was
isolate and characterize probiotic lactic acid bacteria from
human breast milk.

Materials and methods

Collection of material

Ethical committee approval from the Osmania Medical
College hospital (Protocol No: OMC:21/01/2017) and
the ICMR-National Institute of Nutrition (NIN Protocol
No: 06/11/2016) was obtained before commencement
of the study. Recruited mothers received detailed written
information of the study and signed consent was obtained
from the participants.

A total of about fifty healthy lactating mothers without
any metabolic diseases and pre or postnatal complications,
were randomly selected from postnatal ward of Niloufer
Hospital, Hyderabad. Breast milk samples were collected
aseptically from the above subjects within a week
after delivery. The mammary areola was cleaned using
chlorohexidine to avoid cross contamination of skin flora
(Sakwinska et al. 2016). The first few drops were discarded
and about 2 mL of breast milk was collected in a sterile
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container by manual expression and kept at 4 °C for
laboratory analysis.

Isolation, identification and characterization of probiotic
bacteria

About 1 ml of each breast milk sample was serially diluted
in sterile phosphate buffer saline and 100 uL of the diluted
sample was plated on to de Man-Rogosa-Sharpe agar
(Himedia, India). These plates were incubated anaerobically
at 37 °C for 24 to 48 h. After incubation of the culture plates,
various colonies suspected for probiotics were selected
for identification by morphological, biochemical and
molecular characteristics and finally confirmed to species
by bioinformatics analysis.

The morphology of the colonies of probiotic microflora
was described by size, shape, margin, colour and texture on
the agar plate, followed by Gram’s staining. The bacterial
colonies that were positive in morphological identification
were further tested for their biochemical characteristics
(indole, methyl red, Voges Prausker and citrate utilization
test) along with oxidase and catalase tests (Ahirwar et al.
2017; Ranjan et al. 2020).

For indole test, about 0.1 mL of overnight grown culture
was added to tryptophan broth and incubated at 37 °C for
24 h, after which 0.5 mL of Kovac’s reagent was added.
Appearance of a pink colour ring at the top of the broth
layer was considered as a positive result.

The methyl red/Voges Proskauer test was performed
after incubating 100 ul of overnight grown culture in
10 mL of the respective medium for 24 h at 37 °C. The
incubated broth was separated in two tubes. Five drops of
methyl red indicator was added to one tube and two drops
of Barrit’s reagent A and three drops of Barrit’s reagent B
was added into another tube. The change of broth colour
to red indicates positive for methyl red and pink colour
after adding the Barrit’s reagent indicates positive for Voges
Proskauer test.

Simmons citrate agar slants were prepared for
performing the citrate utilization test. A loopful of
overnight grown culture was inoculated on the agar slant
and incubated at 37 °C for 24 h. Appearance of a blue colour
at the inoculated site was considered as a positive result.

The oxidase test was performed using oxidase discs
supplied by Himedia Laboratories. An isolated colony
was picked up with an inoculation needle and spreaded
on the oxidase disc in a sterile environment. Appearance
of a purplish blue colour within five seconds indicated a
positive reaction.

For the catalase test, an isolated colony was picked up
and placed on a glass slide. A drop of 3% hydrogen peroxide
was added to the colony and immediate bubble formation
indicated a positive reaction for catalase.

Carbohydrate utilization or sugar fermentation test was
performed using phenol red as a basal medium (Kavitha et
al. 2016). Phenol red broth (5 mL) was added into a tube
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containing individual carbohydrate discs procured from
Himedia laboratories. An overnight grown culture of 100
uL was inoculated into the above medium and incubated
at 37 °C for 24 h. The results observed were noted and the
samples were further incubated for another 24 h.

Molecular characterization

The genomic DNA was isolated from overnight bacterial
culture according to the modified protocol of Wright et al.
(2017). A brief description of the method follows. About
2 mL of bacterial culture was harvested by centrifugation
and the pellet was dissolved in lysozyme (500 uL), and then
incubated at 37 °C for 45 min. About 100 uL of SDS (10
%), 200 pL of NaCl was then added and the mixture was
incubated for an hour. The DNA was extracted from the
bacterial cell lysate by adding phenol-chloroform. Further,
the isolated DNA was precipitated with 70% ethanol and
dissolved in 50 puL TE buffer. The integrity, purity, and
concentration of the DNA was confirmed using agarose gel
electrophoresis and by checking the OD at 260/280 nm in
the nanodrop.

The genus level identification was conducted using
PCR with genus-specific primers. The primer sequence
required for PCR amplification was adopted from Rekha et
al. (2006). A total volume of 20ul reaction contains 10 pL
of Norgen 2 X Master mix and 1 pL of 10 uM each primer
and template DNA (25 ng) and 7 uL of nuclease free water.
The amplification conditions for the PCR comprised of a
cycle of initial denaturation at 94 °C for 5 min following
denaturation at 94 °C, annealing at 52 °C, extension at 72
°C each for 1min for 30 cycles and one cycle of the final
extension at 72 °C for 8 min. After the amplification the
amplicons were subjected to gel electrophoresis and
observed under UV light in gel doc.

After genus level identification, the PCR products were
further proceeded to Sanger sequencing for the 16s rRNA
gene (Eurofins Genomics). Primers used for molecular
identification were TGCCTAATACATGCAAGTCGA
(Lactobacillusforward) and GTTTGGGCCGTGTCTCAGT
(Lactobacillus reverse). The forward and reverse sequences
generated using Sanger sequencing were assembled to
generate the consensus sequence using bioinformatics
software Seqman Ultra of DNA star Laser-gene. The
obtained consensus sequence was used for identification of
species by the Basic local alignment search tool (BLAST)
in the genomic database NCBI-Genbank. Further,
multiple sequence alignment was performed by Clustal
W. Subsequently, the cladogram or the neighbour joining
phylogenetic tree was drawn using molecular evolutionary
genetic analysis (MEGA-X) software (Saitou, Nei 1987;
Tamura et al. 2004; Kumar et al. 2018; Stecher et al. 2020).

Analysis of probiotic properties

After identification up to the strain level, the isolates
were subjected to various probiotic properties. Since the
human stomach pH is 2, the probiotics were tested for acid

resistance at pH 2, 3 and 4 in comparison to pH 6, and the
same strains were assessed for bile salt tolerance (0.3%)
(Hassanzadazar et al. 2012).

For the acid resistance test, about 100 uL of overnight
culture was inoculated into MRS broth previously adjusted
to pH 2, 3 and 4 using 1N HCl and incubated at 37 °C for 3
h. MRS broth without adjusting the pH served as a control.
The viable bacteria was counted by taking 100 uL of each
sample every hour for 3 h using the spread plate method
and these experiments were done in duplicate.

For the bile tolerance test, about 100 uL of overnight
culture was inoculated into MRS broth with 0.3% ox-bile
(Himedia) and incubated at 37 °C for 3 h. Normal MRS
broth without adding bile served as a control. The viable
bacteria was counted by taking 100 pL of each sample
every hour for 3 h using the spread plate method and these
experiments were done in duplicate.

The antibiotic susceptibility of the isolated strains was
assessed by the disc diffusion method using common
antibiotics for paediatrics and discs supplied by Himedia
laboratories. About 100 uL of freshly grown Lactobacillus
culture was spread on MRS agar plates. Then, the antibiotic
discs were placed on the agar plates and incubated at 37
°C for 24 to 48 h. The zone of inhibition by the isolates
was noted accordingly. An antibiotic susceptibility pattern
was obtained using amikacin (30 ug), amoxycillin (30 pg),
cephotaxime (30 pg), ciprofloxacin (30 pg), cotrimoxazole
(25 pg), methicillin (5 pg), metronidazole (5 ug) and
norfloxacin (10 pg).

Analysis of antagonistic properties

Pathogenic bacterial cultures that are responsible for
food-borne illness were procured from National culture
collection centres, NCCS, Pune and MTCC, Chandigarh
India. The lyophilized cultures were revived by adding into
nutrient broth and re-culturing twice before performing
the experiment. The indicator organisms used for the
assay were Escherichia coli (MCC 2412), Pseudomonas
aeruginosa (MCC 2080), Staphylococcus aureus (MCC
2408), Salmonella typhi (MTCC 3224) and Bacillus cereus
(NCDC 240)

The antimicrobial activity of the isolates was studied
using the agar well diffusion method. The indicator
organisms were inoculated and incubated in nutrient broth
at 37 °C for 16 to 18 h. These overnight cultures were plated
on the agar plates. The wells were punctured using a sterile
cork borer and about 50 pL of the culture broth with isolates
was loaded into the well (Karimi et al. 2018).

Statistical analysis

IBM-SPSS software was used to perform the statistical
analysis: univariate post hoc multiple comparison using
Dunnet’s test at 5% level of significance. Bar charts were
plotted for quantitative data like acid resistance and
bile tolerance using Microsoft Excel 2019. The data was
presented in the form log CFU per mL.
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Table 1. Cafrbohydrate utilization test for the isolates. —, no colour change; + orange colour; ++, yellow colour

Carbohydrate 1 2 3 4 5
Sucrose ++ ++ ++ s T+
Galactose ++ ++ ++ ++ ++
Mannitol ++ ++ s s ++
Inulin - - - - _
Cellobiose ++ ++ i et T+
Dulcitol - - - - _
Rhamnose - = - - _
Adonitol - - - - -
Raffinose - = = - _
Salicin ++ ++ ++ ++ ++
Mannose ++ ++ ++ ++ ++
Inositol - - - _ _
Xylose - = - - _
Dextrose ++ ++ ++ ++ ++
Trehalose ++ ++ ++ s o
Melibiose ++ ++ - ++ ++
Sorbitol = = - - _
Fructose ++ ++ ++ ++ T+
Arabinose + + + + +
Results

Identification of isolates

Among the fifty breast milk samples collected, diversified
commensal  microorganisms  like  Streptococcus,
Staphylococcus, Diplococcus and Bacillus etc. were found.
Microbial colonies that were small, circular, creamish-
white, pin point with entire margin and were Gram
positive rod shaped bacteria were considered for further
identification.

Further, all of the isolated probiotics were found to be
non-reactive for the biochemical tests performed i.e. no
bubble formation for catalase, no change in colour on an
oxidase disc, an indole ring was not observed after addition

Table 2. Identification of isolates after blast in NCBI Genebank

No. Sample Bacteria

1 HBM-1  Lactobacillus delbrueckii subsp. lactis
AB289+092.1

2 HBM-2  Lacticaseibacillus casei MT045986.1

3 HBM-3  Lactobacillus crispatus AB911456.1

4 HBM-4  Lactobacillus acidophilus MN173898.1

5 HBM-5  Lacticaseibacillus casei MT045967.1

6 HBM-6  Uncultured Lactobacillus LT677946.1

7 HBM-7  Lactobacillus acidophilus MW063498.1

8 HBM-8  Lactobacillus helveticus KX247766.1

9 HBM-9  Lactobacillus helveticus KX247766.1

10 HBM-10
11 HBM-11
12 HBM-12

Lactobacillus delbrueckii MH392983.1
Lactobacillus acidophilus MW063498.1
Lactobacillus acidophilus HE793099.1
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6 7 8 9 10 11 12
++ ++ ++ ++ ++ ++ ++
++ ++ ++ ++ ++ ++ ++
- ++ ++ ++ ++ ++ ++
++ ++ ++ ++ ++ ++ ++
++ ++ ++ ++ ++ ++ ++
++ ++ ++ ++ ++ ++ ++
++ ++ ++ ++ ++ ++ ++
++ ++ ++ ++ ++ ++ ++
++ ++ ++ ++ ++ ++ ++
++ ++ ++ ++ ++ ++ ++
+ + + + + + +

of Kovac’s reagent, MR-VP medium did not turn red after
adding methyl red indicator, no colour change was found
after addition of Barrit’s reagent for the Voges-Proskauer
test and no change in colour was observed for the citrate
utilization test.

A change in colour of phenol red broth from fuchsin
red to orange showed week positive and red to yellow
was considered to be strongly positive. The utilization of
carbohydrates by the probiotics is shown in Table 1.

About 12 isolates from different human breast milk
samples were identified as the genus Lactobacillus by
observing the amplified DNA product at 318 bp. After
performing the BLAST search of the sequences assembled
from 16s rDNA sequencing, the top hit strains with lowest

Similarity  Source and reference
82.35% Native milk (Germond et al. 2021)
82.40% Breast milk and infant gut (Martin et al. 2007)
77.89% Women of reproductive age (van der Veer et al.
2019; Zhang 2020)
80.61% Breast milk (Mehanna 2013)
80.66% Breast milk and infant gut (Martin et al. 2007)
80.22% -
78.63% Breast milk (Mehanna 2013)
91.14% Breast milk (Zhang 2020)
89.84% Breast milk (Zhang 2020)
95.74% Breast milk (Zhang 2020)
90.67% Breast milk (Mehanna 2013)
99.68% Breast milk (Mehanna 2013)
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(10) KU714846.1 L sp. K30A 168 ril RNA gene partial sequence
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22) (11) KU714845.1 Lactobacillus sp. K29C 16S ribosomal RNA gene partial sequence
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[¢%)
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(16)

(5) HM534774.1 Lactobacillus sp. MbBipro17 16S ribosomal RNA gene partial sequence

(9) KX499358.1 Lactobacillus sp. strain 27-1 16S ribosomal RNA gene partial sequence

(20 (8) MG042082.1 Lactobacillus sp. strain FE-116S ribosomal RNA gene partial sequence

9 (6) AB682593.1 Lactobacillus sp. NBRC 107298 gene for 165 rRNA partial sequence

(7) LC549535.1 Lactobacillus sp. KS5-4 gene for 16S rRNA partial sequence

(12) KJ699126.1L bacill

sp. KB66 16S rib

(15)

| RNA gene partial sequence

(4) A 11

(14)

(3) KC354332.1 Uncultured Lactobacillus sp. clone GARPUYA02DLV9OU 16S ribosomal RNA gene partial sequence

(2) LT677946.1 Uncultured Lactobacillus sp. partial 16S rRNA gene isolate 219N 3360

(1) HBM-1:1 COMMENT Sequence generated by SeqNinja on 15-May-2021 at 6:34:34 PM IST.

kii subsp. lactis gene for 16S rRNA partial sequence strain: JCM 1142

Fig. 1. Phylogenetic tree of isolate HBM-1 constructed using Mega X software

e-value and highest query coverage and similarity were
considered as the best matches (Table 2 and Fig. 1). All
of these isolates were identified to be species of the genus
Lactobacillus.

Characterization of isolates

Isolates were cultivated at different low pH values to
estimate their tolerance to acidity (Figs. 2 to 5). All of
the strains of Lactobacilli were found to be resistant to
acidic pH values 2, 3 and 4, excluding five isolates (Nos.
1,4, 7, 10 and 12), as these isolates were able to survive till
pH 3. However, the viability of these Lactobacilli isolates
decreased significantly upon incubation at pH 2 for 3 h.
Comparison between the isolates in cell viability after 1 and
3 h of incubation indicated similar pH resistance.
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The isolates of Lactobacilli from human breast milk
were found to be tolerant to 0.3% bile, excluding isolate No.
9 (Fig. 6). However, this isolate was found to be tolerant to
this bile concentration up to an hour after incubation at 37
°C. The viability of all these microflora seems to increase
significantly after incubation at 37 °C for 3 h. The viability
of the strains was similar, excluding isolate No. 9, as this
isolate was able to survive up to one hour at 0.3% bile.

The results obtained for antibiotic sensitivity/resistance
show that all of the probiotics were resistant to methicillin
and metronidazole at 5 pg concentration (Table 3). Two
of the Lactobacilli - No. 4 and No. 5 - were found to be
resistant to several antibiotics, but few probiotics showed
resistance to other antibiotics.

All of the Lactobacillus had inhibitory effect on

I-10 I-11 I-12

2 m3 (Time in hours)

Fig. 2. Growth of the isolates at pH 6. Multiple means were compared using Dunnet test. Different letters indicate statistically significant

(p < 0.05) differences from control (time 0 h).
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Fig. 3. Growth of the isolates at pH 4. Multiple means were compared using Dunnet test. Different letters indicate statistically significant
(p < 0.05) differences from control (time 0 h).
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Fig. 4. Growth of the isolates at pH 3. Multiple means were compared using Dunnet test. Different letters indicate statistically significant
(p < 0.05) differences from control (time 0 h).
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Fig. 5. Growth of the isolates at pH 2. Multiple means were compared using Dunnet test. Different letters indicate statistically significant
(p < 0.05) differences from control (time 0 h).

Pseudomonas aeroginosa (Table 4). The other isolates (No.  Discussion

1, 2,9 and 12) had inhibitory effect on all of the pathogenic

organisms used in this experiment. However, most isolated ~ In the present study, we isolated lactic acid bacteria i.e.,
probiotics did not show antagonistic properties against  Lactobacillus spp. from human breast milk of lactating
Escherichia coli. women during the first week of postpartum. The Lactobacilli
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Fig. 6. Growth of the isolates at 0.3% bile. Multiple means were compared using Dunnet test. Different letters indicate statistically

significant (p < 0.05) differences from control (time 0 h).

species identified in the breast milk of the mothers
participating in this study were the same as reported in
other studies (Heikkila, Saris 2003; Martin et al. 2003). The
occurrence of these probiotics in breast milk is associated
with that of prebiotic substances present in this same fluid
(Kralj et al. 2002; van Hijum et al. 2002).

Lactobacilli strains in human milk contribute to
digestion by the breakdown of complex sugars and proteins
in the infant gut, resulting in an increase in the production
of certain functional metabolites, such as butyrate, which
modulates the function of intestine (Maldonado et al.
2010; Gil-Campos et al. 2012). It was also demonstrated
in some studies that the rate of infectious diseases is lower
in breastfed infants when compared to infants fed with
supplemented milk products, proving the anti-infective
properties of breast milk. The isolation of these probiotic
lactic acid bacteria from human breast milk could be
beneficial to the development of intestinal microbiota and

immunity of infants that cannot be breast fed due to various
reasons (Ajetunmobi et al. 2015). Considering their ability
to adapt and colonize in the human intestine, the isolated
Lactobacilli from breast milk are excellent candidates for
developing probiotic based products (Martin et al. 2006).
All of the speciesidentified in the bioinformatics analysis
in this study were found to be similar to those reported in a
number of other studies conducted on human breast milk
(Germond et al. 2003; Mehanna et al. 2013; Van der Veer et
al. 2019; Zhang et al. 2020). This indicates that probiotics,
particularly Lactobacillus spp., are universally present in
human breast milk. Based on the available information,
breast milk is a potential source for probiotic lactic acid
bacteria. Hence, it can be considered to be a natural
symbiont-containing food harbouring a combination of
probiotics and prebiotics that may ultimately foster specific
health-benefiting microbiota in the infant gut (Asakuma et
al. 2011; Zivkovic et al. 2011). The results of biochemical

Table 3. Antibiotic susceptibility of the isolates. +, zone of inhibition < 4 mm; ++, zone of inhibition > 5 mm; - no zone of inhibition

Antibiotic 1 2 3 4
Amikacin30 pg ++ g ++ ++
Amoxycillin 30 pg ++ + + +
Cephotaxime 30 ug ++ = - -
Ciprofloxacin 30 pg ++ ++ T+ T+
Cotrimoxazole 25 pig ++ + ++ -
Methicillin 5 pg - - - _
Metronidazole 5 pg = _ _ _
Norfloxacin 10 pg ++ ++ ++ -

5 6 7 8 9 10 11 12
++ ++ ++ ++ ++ + ++ +
- ++ + + ++ + + +
++ ++ ++ ++ ++ ++ ++ ++
- ++ - - ++ - + ++
+ ++ + ++ ++ + ++ ++

Table 4. Antagonistic property of the isolates against various food borne pathogens. +, zone of inhibition< 4mm; ++, zone of inhibition

> 5mm); - no zone of inhibition

Pathogen 1 2 3 4
Escherichia coli + + - -
Pseudomonas aeroginosa + + + +
Staphylococcus aureus + + - +
Staphylococcus typhi ++ + + +
Bacillus cereus 4 + _ _

5 6 7 8 9 10 11 12
- - - - + - - +
+ ++ + + ++ + + ++
+ + + + ++ - + ++
+ + + + + - - ++
+ + + + + ++ + +
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and carbohydrate tests were found to be similar to results of
other studies performed on Lactobacillus isolates (Kavitha
et al. 2016; Mannan et al. 2017).

Certain acids like hydrochloric acid found in the
human stomach, disrupt biomolecules such as proteins,
fatty acids and nucleic acids of cells (Chan et al. 2011).
Other studies found that exposure of probiotic bacteria to
gastric acid for 3 h incubation reduced the viability count
intensively (Mandal et al. 2006). The results of our study
are in agreement with the above studies, as the viability
of the isolated bacteria decreased with increase in acidity.
However, although the viability decreased, they were able
to survive at pH 2. The probiotics were also able to tolerate
an intestinal bile concentration of 0.3%, showing their
ability to survive in the intestinal environment.

In evaluating the safety aspects of probiotics for use
in human health, antibiotic susceptibility testing plays
an important role, as these do not possess transferable
genes that are antibiotic resistant (Anandharaj et al
2015). However, the risk of gene transfer is considerably
low for intrinsic resistance because these mutations
are found in chromosomes (Gueimonde et al. 2013).
Although the resistance of probiotic lactic acid bacteria
strains to antibiotics is an important concern for probiotic
applications, there might be certain errors in the testing
methods used for determining antibiotic resistance
(Huys et al. 2002). In our study, the isolated probiotics
showed resistance to a few commonly used antibiotics.
This resistance might be because of the frequent intake
of antibiotics by the mothers before conception, as these
organisms are native in the human gut. As previously
shown, the frequent intake of antibiotics triggers the
B-lactamase present in the bacteria, which causes antibiotic
resistance towards various antibiotics. Similar results were
also observed by Coppola et al. 2005 and Hleba et al. 2011,
where they have identified antibiotic resistance of bacteria
isolated from various sources and found that this resistance
varied. Nevertheless, as the probiotics are labelled generally
recognised as safe organisms, they should not possess
transferable antibiotic resistance genes. However, the safety
parameters are also need to be studied before considering
the probiotics for use in development of probiotic products.

Further, we also examined the antagonistic activity of the
identified Lactobacilllus spp., which had human origin. The
probiotic Lactobacillus spp. were found to have inhibitory
effect towards certain food-borne pathogens. This property
was due to the antimicrobial substances released by the
probiotic microorganisms as a part of their cell cycle.
These substances include organic acids such as formic
acid, benzoic acid, acetic acid, phenyl-lactic acid, short
chain fatty acid, and other substances like acetaldehyde,
acetoin, carbon dioxide, diacetyl, hydrogen peroxide along
with bacteriocins (Ammor et al. 2006; Tharmaraj, Shah
2009; Choi, Chang 2015). The type of bacteriocin differs
according to the species of bacteria and these include
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enterocin, enterolysin, lacticin, lactocin, nisin, pediocin,
pisciolin, plantaricin and reuterin (Suskovic et al. 2010;
Arques et al. 2015).

Conclusions

The results obtained in this study showed that human
breast milk is a potential source of probiotic microflora.
Since these probiotics are of human origin and can be
treated as indigenous, they can easily adapt to human gut
environment and colonize in the human intestine. Hence,
the Lactobacillus strains isolated from human breast milk
are found to have promising probiotic potential and can be
conveniently incorporated in the development of probiotic
based food supplements for human health.
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