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ABSTRACT

People all over the world are embracing probiotics as a result of growing awareness of the health advantages connected to ingesting living
bacteria. Proper administration of probiotics has been shown to provide numerous health advantages to the host. The Lactobacillus genus,
which naturally resides in the mucosal linings of humans and animals, and it is essential for stabilizing the gastrointestinal tract and
protecting intestinal health from infections. There has been a great deal of interest in their potential uses as probiotics, mucosal vaccine
vectors, and agents regulating metabolic activities. The present study aimed at isolating and characterizing novel probiotics from human
milk and functionally assessing them in vivo for their physiological, enzymatic and antimicrobial activity. Probiotic isolates from human
milk were amylolytic, proteolytic and lipolytic and were found to be tolerant to low pH of 3.5, 10% salt and 0.3% bile salt. Primary method
of cross streaking and secondary streaking by agar diffusion method revealed antagonistic activity of the isolates against tests pathogens
of humans viz., S. aureus Newman, P. fluorescens, S. epidermis and S. aureus. Antibiofilm activity of probiotic isolates in vivo against P.
fluorescens and S. aureus Newman indicated that the metabolites present in the Cell Free Supernatant (CFS) of the isolates may have the
ability to inhibit the formation of biofilm of pathogenic strains. The most efficient probiotic isolates was identified as Weissella confusa
and the NCBI GenBank accession number was obtained. The infected mice administered with probiotic isolate Weissella confusa PS17
showed reduced mortality rate than the mice infected with pathogenic strain S. aureus Newman, thus indicating that probiotic strain
boosted the immune response of the mice. The Serum uric acid levels was normalised after the infected mice was treated with W. confusa
PS17 and this in turn enhanced the survival rate of mice. The present study indicates that isolate W. confusa PS17 can be a promising

candidate in improving the condition of health.
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INTRODUCTION

In addition to meeting all of an infant's nutritional needs, human milk (HM) has
been shown to contain a range of immunoprotective components, such as IgA,
lysozyme, lactoferrin, and others (Newburg 2005), as well as intestinal microbiota,
which acts as a disease-prevention mechanism (Gonzalez et al., 2013; Morrow
and Rangel, 2004; Hanson and Korotkova, 2002; Wright et al., 1998). HM's
microbial population is influenced by the bacteria in the mother's bowel, which are
carried to the mammary glands through the lymphatic system by macrophages and
dendritic cells (Jeurink et al., 2013). Human milk has been found to contain the
genera Lactobacillus, Staphylococcus, Bifidobacterium,  Streptococcus,
Leuconostoc and Enterococcus (Matsumiya et al., 2002; Heikkila and Saris,
2003; Martin et al., 2003; Martin et al., 2012; Jeurink et al., 2013) that are
potential probiotics for the bowel of infants (Martin et al., 2007). The World
Health Organisation (WHO) and the Food and Agriculture Organisation (FAO)
both classify probiotics as live bacteria that, when ingested in sufficient quantities,
have positive effects on host health (Grajek et al., 2005). Human milk contains
probiotic lactic acid bacteria (LAB), such as Enterococcus faecium, Lactobacillus
gasseri, Lactobacillus rhamnosus, Lactobacillus plantarum, and Lactobacillus
fermentum. Research indicates that LABs have the ability to produce antimicrobial
chemicals such as hydrogen peroxide, organic acids, bacteriocins and others and
they can compete with a variety of newborn pathogenic bacteria to exhibit
antimicrobial activity and probiotic qualities (Olivares et al., 2006; Martin et al.,
2005; Beasley and Saris, 2004; Heikkila and Saris, 2003).

MATERIAL AND METHODS
Collection of human milk samples and isolation of probiotic bacteria

Five human milk samples were taken at Cloud Nine Hospital, HRBR layout,
Bangalore, India, from five healthy nursing moms who had a full-term pregnancy
and nursed their babies at 10 months postpartum. Before being sent to the lab, the
samples were gathered in sterile glass bottles and refrigerated. After being
collected, the samples were processed in two hours. Nursing staff members from
the hospital collected the samples aseptically. Samples of milk were obtained after

the nipples and mammary areola were cleaned with soap, sterile water, and
disinfectant. Following a serial dilution in 0.1% peptone water, the milk samples
were spread out on Man Rogosa Sharpe (MRS) agar with 0.5% calcium carbonate
and 0.004% bromocresol purple (de Man et al., 1960) and cultured for 48 h at 37°C.
For later usage, the pure colonies were separated, kept alive on MRS agar slants,
and kept cold (4°C).

Preliminary identification of probiotic bacteria

By examining the physical and biochemical traits, the isolates were initially
identified (Klein, 2003).

Screening for enzymatic activity

Enzymatic activity tests were performed on the isolated colonies. Specifically,
lipolytic activity was assessed using tributyrin agar medium (Verma and Sharma,
2014), amylolytic activity was assessed using starch agar medium (Anteneh and
Prapulla, 2015), and proteolytic activity was assessed using skim milk agar
(Desai, 2008). For 24 to 48 h, the plates were kept in an inverted orientation at
37°C.

Gastrointestinal tolerance assay (Hoque et al., 2010)

By inoculating 1% of an overnight culture of each isolated species in MRS broth
with varied pH levels (3.5-8.5), adjusted with 99% pure acetic acid and 5N NaOH,
the gastrointestinal tolerance of the chosen isolated species was assessed. The
broths that had been inoculated were kept at 37°C for overnight incubation. 1% of
the overnight grown isolates in MRS broth were tested with different
concentrations of NaCl (2-10%), and the isolates with salt tolerance were
ascertained. The broths that had been inoculated were kept at 37°C for 24 h. The
isolated strains were cultured in MRS broth containing 0.3%, 0.6%, and 0.8% (w/v)
of bile salts for 3h at 37°C in order to assess the bacterial resistance to bile salts.
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Antibiotic susceptibility test

Using Muller Hinton agar (MHA) plates, the disc diffusion method was used to
assess antibiotic susceptibility. Soft MHA (containing 0.7% agar) was spread over
MHA plates and inoculated at 0.5 McFarland with isolates (Bauer et al., 1966).
The agar plates were placed with commercially available antibiotic discs (Oxide)
containing Ampicillin  (25pg), Amikacin (30ng), Tetracycline (10pg),
Carbenicillin (30pg), Tobramycin (30pg), and Kanamycin (30pg). The inhibition
zone diameters surrounding the discs were measured after a 24h incubation period
at 37°C. Based on these measurements, the LAB isolates were classified as
resistant (R), intermediate resistance (1), or sensitive (S) in accordance with the
CLSI (Clinical and Laboratory Standards Institute, 2012) standards.

In vitro antagonistic activity of selected isolates
Target pathogens

Four pathogenic strains viz., Staphylococcus aureus, Pseudomonas fluorescens,
Streptococcus epidermidis and Staphylococcus aureus Newman were used in the
study. Staphylococcus aureus strain Newman, a clinical isolate was generously
gifted by Prof. Simon Foster, University of Sheffield, UK. All the other strains
were maintained in Department of Life Sciences, Kristu Jayanti College,
Bengaluru, India.

Cross Streaking method

The antagonistic activity potential of ten selected probiotic isolates was studied in
vitro to analyse the growth inhibition of the target pathogenic bacteria. Overnight
broth of probiotic strains were streaked vertically in the centre of nutrient agar plate
under aseptic condition. Overnight nutrient broth of the pathogenic strains was
streaked horizontally alongside of the probiotic bacteria and, the plates were kept
in the incubator for 24 to 48 h at 37°C. The probiotic isolates inhibited the
pathogenic bacterial isolates, resulting in the absence of growth (Lu et al., 2018).

Agar Well Diffusion Method

Probiotic isolates' antibacterial efficacy against the specified pathogens viz., P.
fluorescens, S. aureus Newman, S. epidermis was assessed through secondary
screening using traditional method of diffusion method based on Balouiri et al.
(2016). Overnight cultures of the probiotic isolates in MRS was centrifuged
(65009, 10 min,4°C) and a 0.2 pm membrane syringe filter was used to gather and
sterilise the Cell-Free Supernatant (CFS). Overnight cultures of pathogenic strains
were standardized to 2 x 108 CFU/ml using 0.5 McFarland standard and was
aseptically swabbed on sterile Mueller Hinton Agar (MHA) plates (HiMedia
Laboratories Pvt. Limited, India). Following inoculation, the seeded agar plates
were kept ideally for 15 min in order to facilitate the inoculum's absorption into
the substrate. Using a sterile cork borer with an eight mm diameter, wells were cut,
and 100 ul of CFS of each probiotic strain was added. The wells were then sealed
and left to incubate for 24h at 37°C. Using a Vernier calliper, the inhibition zone
surrounding the wells was measured following incubation. The experiment was
performed in triplicates.

Antibiofilm activity

Selected probiotic strains' antibiofilm activity was investigated in a 96-well micro
titre plate utilising a semi-quantitative adherence assay. A 96-well micro titre plate
was seeded with 100 microliters of an overnight-grown culture (107-108 CFU/ml)
of the test pathogen, and it was incubated at 37°C for 24 h to promote the
production of biofilms. Planktonic cells were eliminated from the microtitre plates
by three PBS washes following incubation. The wells were incubated for 18h at
37°C with 200 pl of fixed Cell Free Supernatant (CFS) of specific isolated
probiotic strains. Following the incubation period, the plates underwent three
rounds of washing with phosphate-buffered saline, were air dried, stained for 45
minutes with 1% crystal violet, and then suspended in 200 pl of 33% glacial acetic
acid. The absorbance was then measured at ODszo. Untreated pathogenic strain was
utilised as negative control and chlorhexidine as the positive control. Four
duplicates of the experiment were conducted (Sharma et al., 2015).

Molecular Characterization of Efficient Strains

Using 16S rRNA sequencing, the most efficient bacterial isolate was molecularly
characterised. The protocol for extracting and purifying DNA from a bacterial
isolate was followed by Sambrook and Russell (2006). Using the universal
bacterial forward primer 5GAGTTTGATCMTGGCTCAGS3' and reverse primer
5'TACGGYTACCTTGTTACGACTTS, the target bacterial isolate's 16S rRNA
gene was obtained and sequenced at Yaazh Genomics, Coimbatore. Using MEGA
4.0, a phylogenetic tree was built, and the isolate was located. After the sequence
was acquired, it was added to the NCBI database and an accession number was
generated.

In vivo studies in animal model

Animal experiments were carried out with the permission granted from
Institutional Animal Ethical Committee (IAEC), in the registered Animal House
Facility (Reg.1086/PO/Re/S/07/CPCSEA), of Sri Kaliswari College, Sivakasi,
India.

Experimental Design

Swiss Albino mice of eight-week old, weighing of 18-22g and standard mouse
pellets were obtained from Biogen Animal laboratory, Bangalore. Three groups of
mice (n = 8 per group) were created. Group A was considered as control mice
(Untreated), Group B mice infected with S. aureus Newman and untreated and
Group C mice was challenged with pathogenic Newman strain and treated with the
selected isolate of probiotic bacterial strain.

Administration of pathogenic strain into mice

Staphylococcus aureus strain Newman, was grown to exponential growth phase
(Asoo = 1), extracted the cells at 10,000 rpm,10 min, 4°C, cleaned with PBS and
again suspended in 0.2 M NaHCO; buffer with 2% glucose. Mice were challenged
intravenously with a virulent strain of S. aureus strain Newman. After 5-6 days of
infection, the mice were treated with the selected probiotic strain.

Administration of probiotic bacterial isolate into mice

The selected probiotic isolate was grown overnight and spun at 10,000 rpm, 10
min, 4°C and the pellet was air dried. Fifty milligrams of the pelleted cells of
selected isolate was resuspended in bicarbonate buffer and 25ul1 was administered
orally to the mice. Oral administration was continued for nine days with an interval
of three days (Castillo et al., 2011).

Monitoring of clinical parameters

For each group, the clinical indicators and symptoms as well as the death/survival
ratio were recorded. Faecal samples was collected, resuspended and mechanically
homogenized in saline. On the chosen media, dilutions were plated and cultured
for two days at 37°C. The growth of animals supplemented with isolated Probiotic
strains was compared with the control. The differences in body weight gain of
different groups of mice are monitored. Serum uric acid was also measured for
each group.

RESULT AND DISCUSSION
Isolation and preliminary identification of probiotic isolates

Using MRS agar media, probiotic bacteria were identified from human breast milk.
Twenty two isolates were obtained, purified and maintained in agar slants. The
isolates were given codes as PS1, PS2, etc. The isolates were assigned to the genus
based on phenotypic tests. Phenotypic testing indicated that the majority of the
isolates fell within the genus Lactobacillus (10/22), genus Enterococus (8/22),
Pediococcus (2/22) and Weisella (2/22).

Table 1 Screening for enzymatic activity

Isolates Protease activity ~ Amylase activity  Lipase activity
PS1 + + +

PS2 - - -

PS3 - - -

PS4 - - -

PS5 - - -

PS6 - - -

PS7 - - _

PS8 - - -

PS9 - - -

PS10 + + -

PS11 - - -

PS12 - - -

PS13 - - -

PS14 - - -

PS15 - -
PS16 - + -
PS17 + +

PS18 - - -
PS19 - - -
PS20 - - -
pPS21 - - -
PS22 - - -

Legend: ‘+” = Positive test, ‘-> = Negative test
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Screening for enzymatic activity

Enzymatic activity tests were performed on the isolated colonies using skim milk
agar, starch agar medium for amylolytic activity, and tributyrin agar medium for
lipolytic activity. A clean zone encircling the colony suggested that the proteolytic
activity had responded favourably. Isolates PS1, PS10, PS16, PS17 exhibited
proteolytic activity. Amylase activity was indicated by the colourless zone
surrounding colonies producing extracellular amylase after flooding the plates with
iodine. Isolates PS1, PS10 and PS17 indicated amylase enzyme activity. The
isolates were also screened for lipase activity where a positive reaction was
indicated by clear zone surrounding the colony. The isolates PS1 and PS17 showed
signs of lipolytic activity (Table 1).

Gastrointestinal tolerance assay

Since probiotic strains must withstand the harsh circumstances of the stomach in
order to enter the small intestine, resistance to low pH is a crucial criteria. While
the stomach's pH can drop as low as 1.0 (Conway et al., 1987), pH 3.0 has been
found to be optimal in the majority of in vitro tests (Ehrmann et al., 2002). The
isolated probiotic microbes were cultured for 24h at 37°C in MRS broth that had
been pH-adjusted to range from 3.5 to 8.5. The isolates PS1 and PS17 were the
only ones that could withstand a low pH of 3.5 (Figure 1).
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Figure 3 Bile salt tolerance of the isolates

The isolated probiotic strains were grown at different concentrations of salt (2-10%
NaCl) in MRS broth at 37°C for 48h. The isolates PS1 and PS17 were able to grow
at high salt concentration (10% NaCl) whereas the rest of the isolates could tolerate
only a maximum of 6% NaCl (Figure 2).

The strains were screened for their tolerance to the bile salt at 0.3%, 0.6% and
0.8%. The average intestinal bile concentration in the human gastrointestinal tract
is likely to be 0.3% w/v, with an anticipated 4h stay. However, the bile
concentration in the tract varies (Sahadeva et al., 2011). Figure 3 indicates that the
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isolates PS1, PS12, PS15, PS16 and PS17 were tolerant to 0.3%. The capacity to
endure the harsh circumstances such as bile salts and stomach acidity in the
intestine is an essential attribute for probiotic strains (Koll et al., 2008). While the
pH plays a major role in creating the harsh conditions of the gastric environment,
other digestive and enzymatic substances present in the gastric fluid, food, and the
probiotic bacteria's delivery matrix can also have an impact on the cells' ability to
survive during gastrointestinal transit (Fredua-Agyeman and Gaisford, 2015).
The examined isolates could be able to survive passage through the gastrointestinal
tract, according to the data; still, more biorelevant testing might be needed. The
isolates' resistance was superior to what has been previously documented
(Shokryazdan et al., 2014). These days, a lot of study is being done on how to
safeguard probiotic cultures during manufacturing, storage, and transit through the
digestive system, including adding probiotics to certain food ingredients (Argyri
etal., 2013).

Table 2 Antibiotic susceptibility of Probiotic isolates

Antibiotic susceptibility test

Probiotics containing lactic acid bacteria (LAB) have the potential to harbour
antibiotic resistance genes, which can subsequently be passed on to pathogenic
bacteria (Prittesh and Vrutika, 2015). Using the disc diffusion method, an
antibiotic susceptibility assay was performed on a subset of isolates for six
different antibiotics (Table 2). Antimicrobial-resistant bacteria have become more
prevalent due to the overuse of antibiotics in the treatment of human diseases and
as a growth booster in livestock production (Herreros et al., 2005). It is believed
that the primary pathway for resistant bacteria to spread to humans is the food
chain. Therefore, probiotic strains having genes for resistance that can be
transferred to harmful bacteria shouldn't be added to meals (Klare et al., 2007).

Antibiotics

Isolates  Carbenicillin

(30 ng)

Tetracycline
(10 pg)

Amikacin
(30 pg)

Kanamycin
(30 pg)

Ampicillin
(25 ng)

Tobramycin
(30 pg)

PS1

PS3

PS4

PS5

PS6

PS11

PS12

PS13

PS14

PS15

| XUV|XWV|XWV|OV|0 |0 |00 0| D
V|V |V|V|V|D D |»w wnw| D DO

PS16

PS17 S S

|00V VOV |OV|OV|O|— | — |03

»w| V| XV V|V |WV |0V |0V |0|0|(0|D0
»w| V|V V|V |DV |0V |0V |0V|0|0|D0
|| |XOV|XOV|XOV|OV|XO|XOV (O V| V| D

Legend: R - Resistant, | - Intermediate resistant, S - Sensitive

In vitro antagonistic activity of selected isolates
Cross Streaking Method

The antagonistic effect of selected strains by cross streaking method was tested
against the microbial pathogens such as Staphylococcus aureus, Pseudomonas
fluorescens, Streptococcus epidermidis and Staphylococcus aureus Newman.
Probiotic isolates viz., PS1, PS17, PS11, PS12 and PS17 strains showed good
antagonistic  activity when compared to other strains (Table 3).
Lertcanawanichakul and Sawangnop (2008) evaluated the efficacy of this
method to test antibacterial activity and found that the cross streak method is a
practical and suitable technique. However, the cross streak method should be
supported by well diffusion method.

Table 3 Antagonistic activity of probiotic isolates against microbial pathogens

Isolates P. fluorescens ?\j;%e:: S.aureus  S. epidermidis
PS1 + + + +
PS3 + + + +
PS6 - - - -
PS11 - - - -
PS12 + + + +
PS13 - - - -
PS14 - - - -
PS15 + + + +
PS16 - - - -
PS17 + + + +
Legend: ‘+’ = Inhibition, ‘-> = No inhibition

Agar Well Diffusion Method

As a secondary screening technique, the antibacterial activity of the chosen isolates
was further evaluated against test pathogens using the agar well diffusion method.
The isolates viz., PS1, PS3, PS12, PS15 and PS17 exhibited strong antibacterial
activity against P. fluorescens and S. aureus Newman as observed in Figure 4. One
crucial probiotic selection criterion is competition with pathogenic bacteria in the
intestinal system, which results in the process of suppressing enteric pathogens.
Additionally, this screening may be used as a substitute for treating intestinal
infections with antibiotics (Shokryazdan et al., 2014). Antimicrobial activity of

W. confusa has been observed against Salmonella serotype enteritidis,
Helicobacter pylori, E.coli, Enterobacter faecalis, L. monocytogenes, S. aureus,
and Klebsiella pneumonia (Nam et al., 2002; Serna-Cock et al., 2013; Reis et
al., 2016).
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Figure 4 Antibacterial activity by selected probiotic isolates
Antibiofilm activity of probiotic isolates

Inhibitory effect of CFS of probiotic isolates against biofilm formation by P.
fluorescens, S. aureus Newman, S. epidermidis and S. aureus was determined in
vitro by semi-quantitative method using 96 well polystyrene plate method. All the
isolates demonstrated the ability to inhibit biofilm formation of the pathogenic
isolates tested, indicating the presence of antimicrobial compounds in the
supernatant of the isolates (Figure 5). In addition to its ability to control host
serotonin production in the gut, the native microbiota was found to be the most
potent antibacterial for the inhabitants when compared to non-native probiotics
(Yano et al., 2015). According to Fredua-Agyeman et al. (2020), certain native
Lactobacillus strains can successfully suppress pathogens in the gut and endure
harsh in vivo environments. They recommend combining these strains with
commercial probiotics to maximise the native efficacy.
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Figure 5 Antibiofilm activity of selected probiotic isolates

Molecular Characterization of selected probiotic strain

The most efficient probiotic isolate as determined during preliminary studies was
identified by 16SrRNA sequencing. Using phylogenetic construction, Weissella
confusa was identified as the isolate. The sequence was submitted to NCBI data
base and accession numbers was obtained as MK934416. Gram-positive, catalase-
negative, non-endospore-forming Weissella confusa cells have a coccid or rod-
shaped morphology. This species has been isolated from human skin, human breast
milk, human faeces, animal faeces, plant and vegetable vagina, and a variety of
fermented foods. Weissella has been shown to have substantial cell surface
hydrophobicity, auto-aggregation, and moderate biofilm forming capabilities,
which may help prevent cancer and enhance immune function (Fusco, 2015,
Fhoula et al., 2018). Weissella spp. have drawn a lot of interest due to their strong
probiotic potential in the management of numerous ilinesses. Cabrera-Rubio et al.
(2012) revealed that W. confusa was one of the primary species in the colostrum
of Finnish women who were nursing. Because of its antibacterial properties and
intestinal tolerance, Weissella confusa may be a viable probiotic (Serna-Cock et
al., 2010; Lee et al., 2012).

In vivo studies in animal model

The mice was inoculated with a virulent strain of S. aureus strain Newman and
effect of probiotic isolate Weissella confusa PS17 on growth index, mortality rate
and serum uric acid was measured. The response variables noted are given in Table
4. The ability of W. confusa PS17 to remain in mice's gastrointestinal tracts
following three days of oral dosing was assessed. After the oral administration, the
probiotic strain was persistent in fecal sample of Group C mice at 10* CFU/g. The
mortality rate of mice was reduced when the infected mice was treated with W.
confusa PS17 compared with the mice treated with pathogenic strain S. aureus
Newman, indicating that probiotic strain boosted the immune response of the mice.
Studies suggested that the probiotic organism can be used as an adjuvants to
enhance the immune response (Lemme-Dumit et al, 2021). Serum uric acid levels
of treated mice were compared with normal control and infected mice after 2 weeks
of administration. The uric level was normalised after the infected mice was treated
with W. confusa PS17 and this in turn enhanced the survival rate of mice. Studies
suggested that the elevated uric acid has effect on cardiovascular and renal disease
(Nakagawa et al., 2006). Thus, our promising candidate W. confusa PS17 has
shown the profound effect on improving the condition of health.

Table 4 Effect of Mice on oral administration of Weissella confusa PS17

Biological parameters Group A- Negative Control

Group C - Infected mice

Group B — Mice infected treated with Probiotic isolate

(Untreated) with S. aureus Newman PS17
Probiotic count in feces 4
(CFUIg) 0 0 2x10°+0.7
Body weight (g) 20+2 14+£2 2342
Mc_)rtallty rate (8 642 241 820
animals/group)
Uric acid (mg/dl) 1.0 +0.05 3.5+0.06 1.3+0.1

Legend: The values are depicted as Mean + SE
CONCLUSION

Live microorganisms that are good for their host's health are known as probiotics.
Although probiotic strains can be derived from a variety of sources, human origin
is the ideal source for applications involving humans. Many studies have
demonstrated the positive effects of breast milk on the health of newborns since it
contains numerous bioactive chemicals, proteins, carbs, minerals, lipids, vitamins,
and good LABs that support the healthy growth, development, and immunity of
the infants. The current study aimed to investigate the potential of probiotic isolates
to be used for neonates to improve the health benefits and fight against infections.
Probiotic isolates were isolated from human milk and were screened for their
enzymatic potential to breakdown starch, protein and fat. The isolates were found
to be tolerant to low pH of 3.5, 10% salt and 0.3% bile salt. Antagonistic screenings
of the probiotic isolates against tests pathogens of humans were significant. In vivo
study suggests that isolated probiotic bacteria W. confusa PS17 from human breast
milk aids in colonising in the intestinal area and suppresses the population of

pathogen S. aureus Newman, thereby reduces the mortality rate and develops the
host immunity. Studies also reported that the probiotics can be used as an adjuvant
in boosting the immune response. Overall, our findings suggest a protective role of
the isolated probiotic strain PS17 in an animal model after S. aureus Newman
challenge. The most efficient probiotic isolates identified as Weissella confusa can
be further studied in enriching the concentration of intestinal digestive enzyme and
improving digestive activity of humans. The present study represents a preliminary
basis for W. confusa PS17 in probiotic-based therapies or development of
functional food with probiotic supplements. Additionally, the isolates can be
identified as a possible strain of probiotics and investigated for their possible
involvement in the early colonisation of the baby's gut.
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