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Abstract: During the last few decades, the main focus of numerus studies has been on the human breast milk
microbiota and its influence on the infant intestinal microbiota and overall health. The presence of lactic acid
bacteria in breast milk affects both the quantitative and qualitative composition of the infant gut microbiota.
The aim of this study was to assess the dominant cultivable rod-shaped lactic acid bacteria, specific for breast
milk of healthy Bulgarian women and fecal samples of their infants over the first month of life, in 14 mother-
infant tandem pairs. Additionally, we evaluated strain diversity among the dominant newly isolated species.
68 gram-positive and catalase negative strains were subjected to identification by using MALDI-TOF technique.
Predominant culturable populations belonging to the rod-shaped lactic acid bacteria have been identified as
Lacticaseibacillus rhamnosus, Limosilactobacillus fermentum, Lacticaseibacillus paracasei and Limosilactobacillus
reuteri. Also, we confirmed the presence of Lactiplantibacillus plantarum and Lactobacillus gasseri. 27 isolates were
selected as representatives and analyzed by 165 rDNA sequencing for strain identity confirmation and a
phylogenetic tree based on 165 rDNA gene sequence was constructed. Comparative analysis by four RAPD
primers revealed genetic differences between newly isolated L. rhammnosus strains. This pilot study provides
data for the current first report concerning investigation on characteristic microbiota of human breast milk and
infant feces in Bulgaria.

Keywords: lactic acid bacteria; MALDI-TOF MS; 16S rDNA; human breast milk; infant feces; RAPD-
PCR DNA fingerprints

1. Introduction

Breastmilk, considered the golden standard for infant nutrition, plays the vital role of
modulating the gut microbiome of newborns in a health-determining way that influences their well-
being early on and later in life. The presence of bioactive components and microorganisms in human
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breast milk distinguishes it from powdered formula, These components play a crucial role by
developing the gut microbiome and immunity of the newborns. Therefore, any fluctuations that may
arise, for instance, mixed-feeding, solely formula feeding, antibiotic or probiotic consumption,
contribute to positive or negative gut community development deviations from the “golden
standard” feeding. The potentially probiotic microflora of breastmilk manifests different
characteristics depending on many factors, the majority of which related to the individuality of the
donors, their lifestyle and geographical location.

Lactic acid bacteria (LAB) have accumulated scientific and commercial popularity during the
last decades due to their beneficial presence in the microbiota of the human body, specifically the
gastrointestinal tract (GIT). The metabolic advantages of many probiotic strains, along with their
protective capabilities against infection agents, have been the focus of a number of scientific studies,
especially when it comes to the neonates.

The presence and persistence of these potentially beneficial bacteria in the infant’s gut depend
on a number of factors, including the mother’s microbiota, mode of delivery, type of feeding, intake
of probiotics or antibiotics, geographic and other characteristics. The inoculation of the neonate
begins before birth, as shown by studies proving the existence of bacteria in the amniotic fluid,
placenta and meconium [1]. The type of birth is considered crucial for the infant’s initial GIT
colonization due to the different bacteria acquired during birth: the characteristic of the mother’s skin
microbiota in Caesarian Section (CS) or the vaginal microbiota during spontaneous natural delivery.
The dominance of Bifidobacterium, Bacteroides and Lactobacillaceae, along with higher variability is well
represented in vaginally born infants, whereas lower diversity, Staphylococcus, Streptococcus and
Clostridium are attributed to Caesarian delivery [2]. Not only does the transfer of beneficial
microorganisms during the vaginal birth differ from CS-delivery, but also some immune-stimulatory
factors, such as interleukin 18 (IL-18) and tumor necrosis factor (TNF-a), are also absent in the
Caesarian babies [3].

Breastfeeding influences the gut ecosystem tremendously by providing the neonate with the
most appropriate selection of nutrients for the growing organism. Ma et al. [4] prove the beneficial
microbiological qualities of the human milk compared to the infant formula and display the
nutritional capacity of breast milk to not only deliver the needed elements, but also to formulate a
healthy GIT microbiological profile. The modulation of an infant immune system increasingly
depends on the probiotic potential of the representatives in the gut. The commensal bacteria balance
the Th1/Th2 response, enhance the anti-inflammatory response [5], affect the production of sIgA
antibodies and play a significant part in the development of the gut-associated lymphoid tissue [6].
Neonatal antibiotic prescription is one of the most prominent causers of dysbiosis [7], which is related
to necrotizing enterocolitis, inflammatory diseases and obesity [8]. Neonates who have been on
antibiotics show lower amounts of commensal microflora, such as members of the genera
Bifidobacterium and Bacteroides [9-11], Firmicutes, along with higher Proteobacteria [12] and
Enterobacteriaceae [13] resulting in microbiological deficiency. On the other hand, infant probiotic
intake predisposes positive alternations in the gut microbiota and immune responses [14], as well as
mother’s probiotic supplementation [15]. Other circumstances, such as pre-term pregnancy and
prolonged hospitalization induce variation in the gut microbiota orchestration in newborns. They are
related to use of antibiotics, physiological immaturity, lower birth weight, along with the
breastfeeding difficulty, characteristic of a pre-term pregnancy contribute to Enterobacteriaceae and
Clostridium domination of the GIT, related to intestine disorder development, for instance,
necrotizing enterocolitis [6,16,17]. The enormous variety of factors that affect the infant gut
inoculation and maturation assemble a complex system that require further scientific research.

Since breast milk, the main nutritious source of neonates, was evidenced as a non-sterile fluid,
two hypotheses on the origin of human milk microbiota emerged: the hypothesis of the retrograde
flow and the one of the entero-mammary pathway [7]. The retrograde flow represents the potential
of bacterial transfer from the oral cavity of a breastfed neonate to the mammary duct system of the
mother [18]. Moossavi et al. [19] support this theory by demonstrating the microbiological differences
between breastfeeding and feeding pumped milk, finding increased numbers of Vellionelaceae and
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Actinobacteria members in the milk of directly breastfeeding mothers. The bacteria entero-mammary
route suggests that non-pathogenic bacterial cells penetrate dendritic cells and macrophages in the
GIT of the mother, which subjects them to transfer to the mammary gland via the lymph nodes [6].
Jimenez et al. [20] verified this hypothesis by supplementing breastfeeding women with Lactobacillus
salivarius CECT5713 and Lactobacillus gasseri CECT5714. After the 30-day oral intake of the
supplementation, these strains were isolated from the milk of six out of ten women. Similar increase
of the supplemented strains was surveilled in the study of Abrahamsson et al. [21], which resulted in
higher colony forming units (CFU) of Lactobacillus reuteri ATCC 55730 in the colostrum of mothers
after a 4-week intake of this strain during the last month of pregnancy. Numerous studies confirm or
refute these theories, nonetheless, many individual factors significantly influence each case of
mother-infant microbiota transmission.

Geographic location is proven to be another determinant of dominating microbiota in newborns.
Several regions have already published information regarding the distinctive characteristics of its
population, especially in respect to probiotic microbiota [18,22-27]. Rod-shaped, Gram-positive
lactobacilli were found on many occasions in human milk and infant fecal samples, moreover,
different locations report dissimilar dominating species of Lactobacillaceae representatives that are
perhaps, in one way or another, attributed to the local population lifestyle bias.

The lack of scientific data regarding the probiotic microbiota of breast milk and infant feces,
characteristic of Bulgarian population brought about the base interest of the present study. Therefore,
samples were collected from Bulgarian volunteers, breastfeeding mothers and their neonates. Basic
information regarding any supplementation intake was requested, along with details about the
pregnancy, birth mode, gender of the baby, etc. The samples were processed according to the
requirements of lactic acid bacteria and the isolated strains were identified by the MALDI-TOF
system. Duskova et al. [28] reported that the MALDI-TOF MS method has a higher success rate (93%)
than the polymerase chain reaction method (77%) inidentifying Lactobacillus species at the species
level [29]. It can be concluded from many results in the literature that the MALDI-TOF MS method is
applicable and accurate. Treven et a., [30] characterized human milk microbiota (HMM) with 16S
rRNA gene amplicon next-generation sequencing and cultivation/matrix-assisted laser
desorption/ionization (MALDI-TOF-MS identification approaches. They analyzed 31 human milk
samples from Slovenian mothers and showed that cultivation/MALDI-TOF MS was a suitable tool
for culture-dependent determination of HMM. More than 200 Lactobacillus spectra are already
available in the MALDI Biotyper (Bruker Daltonics, Bremen, Germany) database and therefore is
frequently used in the analysis of lactic acid bacteria from milk and dairy products [28,31-34].

Numerous study groups [35-42] have demonstrated the effectiveness of RAPD-PCR for
identifying inter-species and intra-species diversity of newly found isolates. This approach requires
unsophisticated execution, while the sample handing is simple and expeditious, and the results
provide crucial information about the genetic variability in a group of species. Considering the lack
of profound genetic information regarding the isolated strains, we proceeded with this methodology
that additionally expanded our knowledge in relation to the inter-species variety in the samples from
our cohort.

The goals of the current study were the identification and characterization of cultivable
lactobacilli strains isolated from mature human breast milk and infant feces from Bulgarian cohort for
the first time. In addition, we aimed to evaluate the suitability of RAPD analysis for monitoring the
strain diversity among the established dominant bacterial population. The published research from
Bulgaria on the composition of the human breast milk microbiota and infant feces microbiota, are
extremely limited and such investigation will open novel perspectives in the field of reported
differences in the composition of core microbiota of the mentioned niches depending on geographic
location.

2. Materials and Methods

2.1. Samples
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All the studies involving human participants were reviewed according to the Declaration of
Helsinki and complied with all rules of bioethics. All the procedures concerning sample collection
and analyses were approved by the Ethics commission of Sofia University “St. Kliment Ohridski”
(approval: Ne93-11-8#1/24.01.2023/No93-1-8#1/24.01.2023). The participants/donors provided their
written informed consent to participate in our study. We handled all the samples and personal data
anonymously and published the results using unique codes. Mature breast milk and fecal samples
were collected from fourteen healthy mothers from Sofia region and their infants up to the first month
after delivery. They donated one sample between 3-4 weeks from the beginning of the lactation
period.

The following information was collected by the subjects: mode of delivery, infant’s type of
feeding (exclusive breastfeeding, mixed feeding or only formula feeding), mother’s antibiotic and
probiotic intake during pregnancy and lactation period and infant antibiotic and probiotic
supplementation etc. (Table S1).

2.2. Sample Processing

Donors were supplied with sterile tubes for human milk and fecal collection tubes with spoon
and screw cap and before sample collection, mothers were given written instructions for
standardization of the sampling process. Proper milk samples were obtained through the following
protocol: (1) the nipple is washed thoroughly with soap and water; (2) the first few drops of milk
were discarded; (3) 30 ml were collected in the respective collection tube, (4) samples were stored at
4°C (not more than 24 hours) until the transport to the laboratory. The protocol for fecal sample
gathering was as follows: (1) fecal material (at least 2-3 grams) was collected from the diaper with the
special spoon of the respective collection tube; (2) samples were stored at 4°C (not more than 24 hours)
until delivery to the laboratory.

In the current study we used samples from fourteen independent tandem pairs mother-
newborn. The samples from three of them were provided by the Human Milk Bank, Sofia, Bulgaria
and 11 samples were from volunteer mothers.

2.3. Isolation of Bacterial Strains and Identification by MALDI-TOF-MS

Standard laboratory protocols were implemented for isolation and identification of lactic acid
bacteria from human breast milk (HBM) and fecal samples. Nine ml of De Man, Rogosa and Sharpe
(MRS) broth medium (Oxoid Ltd. Hampdhire, England) supplemented with 0.05% L-cysteine was
inoculated with 1 ml of fresh human breast milk or 200 mg of infant feces and cultivated for 48 h at
37°C in anaerobic conditions. All the samples were enriched in MRS broth up to 24 hours after the
sampling time. Afterwards, appropriate ten-fold dilutions were plated on MRS agar (Oxoid)
supplemented with vancomycin (10 mg/L). The petri dishes were incubated under anaerobic
conditions (GasPak™ EZ Anaerobe Sachets, Becton, Dickinson Company, NJ, USA) at 37 °C for 48—
72 h. Representative numbers of colonies randomly picked from assayed medium were purified by
streaking on the new dishes with MRS agar media. The colonies were selected according to their
morphological characteristics (colour, colony size, shape etc.). The pure isolates were tested for their
Gram reaction, catalase activity. After a microscopic examination of the cell morphology of the
isolates, only rod-shaped ones were used for further analysis. Gram-positive, catalase-negative
colonies with rod-shaped cells, were selected as presumptive LAB and were stored at -20°C in MRS
liquid medium, supplemented with 25% (v/v) of glycerol.

We used a matrix assisted laser desorption ionization-time of flight mass analysis (MALDI-TOF-
MS) for direct identification of 68 preliminary selected pure isolates. A single overnight bacterial
colony from each isolate were picked and transferred onto a polished steel MSP 96 target plate
(Bruker Daltonics, Billerica, MA, USA). The samples were covered with 1 pL of 70% formic acid and
left to air-dry. Deposited samples were overlaid with 1 uL of a saturated-cyano-4-hydroxycinnamic
acid (HCCA) matrix solution (Bruker Daltonics). Unidentified strains were resubmitted using the
extended protocol. Mass spectra were acquired using the microflex LT mass spectrometer (Bruker
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Daltonics) and analyzed with the research-use-only (RUO) software workflow and reference library
MBT v. 4.1.100.

2.4.16. S rRNA Gene Sequencing.

Individual colonies from the selected newly isolated and identified by MALDI-TOF strains
(Table S4) as well as some marked as no reliable identification according to score values, were
cultivated overnight in MRS broth. From each sample DNA was extracted with Quick-DNA™
Fungal/Bacterial Miniprep Kit (Zymo Research Corp., CA, USA) following the manufacturer’s
instructions. DNA samples were subjected to Sanger sequencing. For amplification of 165 rRNA
genes primers 27F AGAGTTTGATCMTGGCTCAG and 1492R TACGGYTACCTTGTTACGACTT
were applied. PCR amplification were performed in a 25 puL volume, included 50-70 ng of isolated
genomic DNA, 1 uL of each primer with a concentration of 10 uM and 12.5 uL of Supreme NZYTaq
II 2x Green Master Mix (NZYtech, Lda, Lisboa, Portugal). The PCR program comprises: denaturation
95°C for 10 min, followed by 35 cycles of 94°C for 30 sec, 50°C for 30 sec and 72°C for 85 sec, with the
final extension of 7 min at 72°C. The resulting PCR products (1500 bp) were purified using Agarose-
out DNA Purfication Kit (EURx, Gdansk, Poland), according to the manufacturer’s instructions and
directly sequenced by Macrogen Inc. (Netherlands) on an automatic sequencer (Applied Biosystems
Inc., Foster City, CA, USA) with the di-deoxy termination procedure in both directions using the
universal primers 27F and 1492R.). We used Vector NTI v. 10 software package the obtained
sequences were assembled and manually edited. They were deposited in the GenBank of the National
Center for Biotechnology Information (NCBI) database under accession numbers from PQ008844 to
PQO008869.

All retrieved sequences were used for construction of phylogenetic tree, applying Neighbour-
Joining method, Mega 6.0 program. The tree was constructed with 165-rDNA nucleotide sequences
and nearest high homology sequences, obtained after Blast search in the NCBI database.

2.5. Random Amplified Polymorphic DNA-PCR and Agarose Gel Electrophoresis (RAPD-PCR)

RAPD-PCR with single arbitrary primers was used for the molecular characterization of
identified dominant bacterial group as well as to assess the presence of genetic variation within the
group. Strains belonging to species L. rhamnosus (n=12), L. paracasei (n=2) and one Lactobacillus zeae
(Table S5) were genetically characterized by RAPD-PCR analysis. For this purpose, PCR
amplification reactions were performed in a 25 uL volume, included 50-70 ng of isolated genomic
DNA, 1 pL of each primer with a concentration of 10 uM and 12.5 uL of Supreme NZYTaq II 2x Green
Master Mix (NZYtech, Lda, Lisboa, Portugal). All RAPD-PCR primers and reaction conditions are
listed in Table S2. All PCR reactions were performed with a C1000 Touch Thermal Cycler (Bio-Rad
Laboratories, Inc., USA). The obtained amplification products and DNA Ladder (peqGOLD 100 bp
DNA Ladder Plus, VWR Int., Leuven, Belgium) were separated by electrophoresis on 2% agarose gel
in 1IXTBE buffer and stained with GelGreen™ Nucleic Acid Gel Stain (Biotium, CA, USA). The gels
were documented by ChemiDoc™ Imaging System (Bio-Rad Laboratories, Inc.,, USA). The type
strains Lacticaseibacillus rhamnosus ATCC 53103 and Lacticaseibacillus paracasei ATCC 334 were used
as comparative controls to verify the primer specificity (Table S5). At least two independent
amplification reactions were performed for each primer.

3. Results and Discussion

3.1. Isolation and Identification of Lactic Acid Bacteria from Human Breast Milk and Infant Feces

A total of 68 isolates were obtained from fourteen pairs of mothers and their newborns,
corresponding to the initial characteristics of lactobacilli as the object of primary interest in this study.
The macro- and micromorphology of the strains were estimated by plate counting on MRS agar. Most
bacterial colonies appear white or translucent, generally round and smooth. Colonies with different
morphologies were purified by streaking on new MRS agar plates. Microscope observations of the
cell morphology of the isolates showed that the majority of them were represented by short rods or
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rods polymorphic in size, occurring singly or in short chains. All isolates that were rod-shaped,
lacking catalase activity and Gram positive were chosen for further characterization by MALDI-TOF-
MS analyses. The obtained MALDI-TOF MS profiles were compared to the reference spectra of the
BioTyper database and their similarity was expressed by score values. The colour code illustrate the
matching of the experimental MALDI-TOF MS profile of tested strain and the reference MALDI-TOF
MS profiles of the BioTyper database. The green, yellow and red colour indicate the meaning of the
score value and its interpretation as high-confidence (2-3), low-confidence (1.70-1.99) and no
organism identification, respectively. In total, five different genera of LAB including Lacticaseibacillus,
Limosilactibacillus, Lactiplantibacillus, Levilactobacillus, Lactobacillus and eight different species
belonging to the mentioned genus: Lacticaseibacillus rhamnosus, Lacticaseibacillus paracasei,
Limosilactibacillus reuteri, Limosilactibacillus fermentum, Lactiplantibacillus plantarum, Levilactobacillus
brevis, Lactobacillus gasseri, Lactobacillus zeae were identified. The 68 LAB colonies (29 from breast milk
and 39 from infant feces, respectively) were identified by MALDI-TOF MS. The isolates were
identified with a score value between 1.73 and 2.51 (Table S3). 42 of them (61,8%) with score > 2.0, 14
(20.6%) with score > 1,9 and 12 isolates (17.6%) with score > 1,7 (Table S3).

The results obtained by MALDI-TOF showed that the dominating species was L. rhamnosus,
found in five HBM samples and five fecal samples and representing up to 34% of all isolates. The
second most abundant species was L. fermentum, constituting 26% of the isolated strains and found
in two breast milk samples and five fecal ones. L. paracasei and L. reuteri followed, each corresponding
to 15% of the detected species. L. paracasei was isolated from two breast milk samples and four fecal
samples while L. reuteri from one HBM and three from feces. L. plantarum was detected in two HBM
probes and one fecal, L. gasseri in only one breast milk sample. Although single strains, the presence
of a species L. brevis and L. zeae was found. They were both isolated only from HBM samples (Fig.
S1).

The presence of valuable ingredients in breast milk, including beneficial microbiota, depends on
multiple factors, mainly maternal lifestyle, conditions, geography [22], etc. The microbial
characteristics of infant gut microbiota that, even though originating during pregnancy, are defined
by another set of factors, such as birth mode, gestational age, hospital environment, and the
occurrence of formula feeding [43]. However, the most significant impact on the neonate trophic and
metabolic characteristics [6], immune system development, and infection susceptibility is owed to
the breastfeeding manners. Staphylococci, Streptococci, Corynebacteria, Propionibacteria, and some lactic
acid bacteria are among the traditionally reported bacteria [6,44,45] in human breast milk. The probiotic
microflora of breast milk has been of great scientific interest during the recent years, its origin, distribution and
transmission from the mother to the child, along with the different species, strains and their metabolic profile,
which determines their potentially beneficial functions [6].

Geographical location plays a pivotal role in microbiota proportions and has been the main factor among
many researches [18,22,23,25-27]. Ding et al. (2019) demonstrate the prevailing tendency of L. reuteri and L.
gasseri in breast milk among Chinese population by sampling 89 healthy women from 11 different regions [23].
L. gasseri was also documented as the most frequently found species in human milk and neonate feces from the
previous Lactobacillus genus in Spain [18,26] and Ireland [46]. Albesharat et al. [45] report L. plantarum, L.
fermentum and L. brevis as the main Lactobacillaceae representatives not only in Syrian breast milk, but also
infant and mother’s feces, as well as local fermented foods. In Germany and Austria, the dominating lactobacilli
species were found to be L. salivarius, followed by L. fermentum, according to Soto et al. [24]. Over 30% of the
isolates in our study belonged to the L. rhamnosus species, a finding suggesting that this species is potentially
the main representative of culturable Bulgarian breast milk lactic acid microbiota. Lack of previously reported
data on this matter additionally reinforces the significance of the obtained results, but also underlines the need
for further work in the field. The only data published so far concerning the investigation of LAB with origin
from human breast milk in Bulgaria were from Mollova et al. They studied genomic and phenotypic
aspects of the L. plantarum PU3 strain that showed potential as a probiotic agent [47]. L. fermentum
was the second most encountered isolate in human milk and neonate feces, a result also manifested in the works
of Albesharat et al. [45] and Soto et al. [24]. Moreover, the prevalence of L. rhamnosus among other lactobacilli
in the infant fecal samples, followed by the L. fermentum representatives was also observed by Ahrné et al.
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[48] in Swedish children before weaning. Mitsou et al. (2008) reported predominance of L. rhamnosus in
stool samples of healthy Greek neonates, and L. paracasei as the third most abundant lactobacilli representative
[25]. Nikolopoulou et al. (2021) investigated breast milk samples collected from 100 healthy women in
Greece. Twenty-six (26) samples were colostrum and seventy-four (74) mature breast milk. The
presence of the genus Lactobacillus was identified in the 46.2% of colostrum and 24.3% of mature
breast milk [49]. Eventually, different geographic regions display unique microbiological profiles, probably
related to lifestyle, climate, customs, or genetics. However, notable factor for the reported results is the
individuality of the participants in similar studies, and the normal deviations that occur in the microbiota of a
particular donor. Therefore, the number of subjects is determining for announcing the most accurate
information.

Recently, a correlation between the infant’s and adults’ gut microbiome has been reported,
indicating that the infant’s gut is initially colonized by bacteria originating from either breast milk or
the environment [50]. In our study similar dynamics of Lactobacillaceae microbiota is displayed in Bulgarian
human breast milk and neonate fecal samples, whilst more than 50% of all of the detected species were found in
both samples of the tandem pairs mother-child. For instance, L. fermentum was discovered in probes El (BM)
and El (F), as well as Y (BM) and Y (F). In the same manner, M (BM) and M (F), N (BM) and N (F), KV
(BM) and KV (F), all contained isolates of L. rhamnosus. The strains of L. paracasei followed the same principle
by being presented in M (BM) and M (F), KV (BM) and KV (F). L. plantarum was isolated from tandem pair
Sv. This microbial succession from mother’s milk to the infant’s gut exemplifies the notability of breastfeeding
and its crucial role in gut microbiota development in infants (Table S6). However, Zhang et al. (2020) report
lack of correlation between lactobacilli isolated from breast milk and infant feces in their research [27]. We also
detected some strains isolated only from HBM or feces. In our study, we revealed for the first time the core
lactobacilli microbiota of breast milk of healthy Bulgarian mothers as well as the core lactobacilli microbiota
isolated from infant feces. We found out that the dominant LAB in the both type of tested samples (HBM and
feces) were L. rhamnosus, L. fermentum, L. paracasei and L. reuteri. Moreover, we isolated L. plantarum and
L. gasseri from HBM and L. plantarum, L. zeae and L. brevis from feces according to MALDI-TOF MS
identification, even though they represented small percentages of the total amount of the identified
species. Various factors such as mother’s life style, lactation period, residential location may
contribute to the presence of those species in the tested samples. In fine, we succeed to identify six species
from HBM and seven species from feces. Interestingly, despite the diversity of species, combination of not more
than two species from the different samples was isolated.

There are two main hypothesis regarding the origin of breast milk microbiota, the retrograde flow of
bacteria during breastfeeding and the entero-mammary pathway, which states that the breast milk bacteria
source is the mother’s gut microbiota [35]. In the current study, both hypotheses provide a tendency of accuracy
considering the cases, in which presence of one strain in both a breast milk and a stool sample was surveilled.
Therefore, no conclusion on the breastmilk microbiota origin could be provided. Additional experimental work,
including mother fecal samples for reference, along with more participants for increased factuality would shed
light on the accuracy of these hypothesis. In their study, Martin et al. [18] reported lack of strain similarity
between human milk and breast skin or neonate fecal L. gasseri isolates, and suggested that the vast majority of
lactic acid bacteria in the breast milk have an endogenous origin. No resemblance between infant fecal LAB and
vaginal isolates from the respective mothers was observed, which raised the question whether mother vaginal
microbiome impacts the naturally born neonate gut microbiota [18]. In contrast, Martin et al. [51]
demonstrated cases of strain homogeneity of L. gasseri, L. fermentum, L. salivarius and other lactobacilli in
breastmilk-infant fecal samples. The data displayed in our study corresponded to the similar findings. For that
reason, our study additionally confirms the existing transfer of potentially probiotic microbiota from breast milk
to the neonate gut.

3.2. 165 Ribosomal RNA Gene Sequencing

In order to confirm the obtained results by MALDI-TOF and to get more profound information
regarding the abundance of LAB in Bulgarian human breast milk and neonate fecal samples, 26
isolates were selected for the proceeding 16S rDNA sequencing (Table 54). The strains were chosen
based on sample type (almost identical number of strains originating from milk and fecal samples),
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presence of the species in both subjects in a mother-infant tandem pair, for example, M1-1, M1E-2,
KV1-1, KV1F-4, KV1F-5, N1-1, N1F-2, El1-2, EI1F-3, Sv1-1, Sv2F-1 Some strains found only in one
member of the tandem pair were also included in the sequencing analysis (Zdr, Iv, Hr, L1, 40/2, Y1F).
These isolates were used to reveal potentially individual differences among donors, like Zdr1F-1 and
Y1F-3, both belonging to L. fermentum. In the same principle, we selected the L. rhamnosus isolates L1-
1, Hr1F-1 and 40/2F-1. Also, we sequenced some isolates with the same origin in order to determine
the presence of potential species diversity (1/24-1 and 1/24-2, Iv1l-1 and Iv1-2) in a single sample.
Lastly, the only representatives of L. gasseri (1/24-1, 1/24-2), L. brevis and L. zeae, (5/24F-1 and 40/2F-2,
respectively) were incorporated because of their non-repetitiveness and exclusivity.

The PCR amplification resulted in PCR products in approximately 1500 bp. For the identification
and phylogenetic determination the obtained sequences [52] and their retrieved nearest relatives
from BLASTn search into the GenBank standard database non-re-dundant-nr/nt were used. The
obtained results identified 26 different sequences, which identities varied from 99,56 % (21 sequnces)
to 100 % (3 sequences). Only two had a lower indetities of about 99,30 %.

To strengthen the MALDI-TOF data, we performed the identification of 26 selected strains by
16S rDNA sequencing. The combined results from MALDI-TOF mass spectrometry and phylogenetic
analysis demonstrated that the 26 obtained sequences belonged to the 5 genera, Lacticaseibacillus,
Lactobacillus, Limosilactibacillus, Lactiplanplantibacillus and Levilactobacillus. In the same time, the
phylogenetic tree showed presence of four clusters: the first cluster (Cluster I), consisted of 12
different L. rhamnosus strains and two L. paracasei strains. The second cluster (Cluster II) was divided
into two subclusters, which contained 1 strain L. brevis and 2 strains L. plantarum and 1 strain L.
pentosus (strain E12-1; Notably, MALDI-TOF mass spectrometry identified EI2-1 as L. plantarum with
score value of 2.02). A third cluster (Cluster III) was formed also with two subclusters, including 2
strains L. reuteri and 4 strains L. fermentum. Cluster IV included 2 strains of L. gasseri. MALDI-TOF
MS identification also showed the presence of strain L. zeae (40/2F-2) but 16S rDNA sequencing did
not confirm it. The score value of MALDI-TOF MS identification of the strain was 2.06 and the second-
best match was L. rhamnosus with score 1.90. We supposed that MALDI-TOF MS may generate too
similar spectra for L. zeae and L. rhamnosus as 165 rDNA studies have shown that these two species
are closely related within the L. casei group [53].

The applied approach by 165 rDNA sequencing and MALDI-TOF mass spectrometry in this
study support the idea of rich intragenic diversity in the samples with domination of the
Lacticaseibacillus genus.
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Figure 1. Neigbour —joining phylogenetic tree, of 26 LAB strains based on 165 rDNA gene

sequences.

3.3. Strain Diversity of L. rhamnosus (Cluster I Strain Group)

RAPD is a useful tool for generating genomic information of newly isolated strains. This
technique uses a single short (around 10 bases in length) primer [39] that randomly hybridizes to a
location of DNA, which gets amplified and after electrophoretic separation produces a fingerprint
profile, utilized in demonstrating genetic variability between two or more isolates [36]. In their study,


https://doi.org/10.20944/preprints202408.0196.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2024 d0i:10.20944/preprints202408.0196.v1

10

Mahenthiralingam et al. (2009) thoroughly investigate the discriminative ability and the
reproducibility of the RAPD-PCR by performing RAPD fingerprinting using a set of 100 primers.
Even though this method was noted for its low reproducibility [40], the obtained results demonstrate
high reproducibility, proper clustering of L. casei and L. acidophilus group representatives, and clear
differentiation between genetically distant strains of LAB and different members of the same cluster
[38]. Many genetic variability determining methods were compared in the study of Jarotski et al.
(2020), with PCR-RAPD being described by the authors as one of high differential strength. They
tested the distinguishing properties of four RAPD primers and discovered that 80A_RAPD,
80B_RAPD_M13 and 80C_RAPD_OPT-14 effectively differentiate between 30 lactobacilli strains,
belonging to the L. casei group [37]. These and other researches [40, 41] proving the capacity of RAPD-
PCR analysis for genetic variability detection determined its implementation in the following study
of genetic diversity of species belonging to the L. casei group.

L. casei group includes species of L. rhamnosus, L. paracasei and L. casei that possess certain
metabolic, morphological and genetic similarities making their differentiation complicated [37].
Therefore, we proceeded with differentiation between the isolates positioned in Cluster I in the
neighbor joining phylogenic tree.

Fifteen strains, belonging to cluster I and two type strains L. paracasei ATCC 334 and L. rhamnosus
ATCC 53103 were subjected to RAPD-PCR analysis in order to define any strain diversity or
similarity within the established dominant bacterial group. The genetic fingerprinting was performed
by wusing four short-length single primers RAPD-04, 80A_RAPD, 80B_RAPD_M13 and
80C_RAPD_OPT-14 described in Table S2. Primer RAPD-04 was selected for its superior
discriminative power to five other RAPD primers (opp-07, opp-08, opp-09, opp-14, RAPD-06) (data
not shown). On the other hand, primers 80A_RAPD, 80B_RAPD_M13 and 80C_RAPD_OPT-14 were
appointed based on literature data [37, 41].

The obtained fingerprinting profiles of the strains from cluster I manifested genetic variations as
well as similarities, not only between isolates originating from one tandem pair mother-child, but
also from different donors and sample types (Figure 2). With regard to primer RAPD-04, for example,
the isolates were divided into five genotypes. Strains Ivl-2, L1-1, and N1F-2 (lanes 2, 4, and 15,
respectively) were not only from different breast milk samples, but also exhibited the same
fingerprinting profile as strain KV1F-4 (lane 6). Strain Iv1-1 (lane 3) possessed a slightly different
profile from the first group because there was one additional band between 1200 and 1500 bp. The
third group consisting of three strains KV1F-4 (lane 6), N1-1 (lane 7) KV1-1 (lane 12) also exhibited
the same fingerprinting profile as the first group but with one exception. There was a band shifted
from 1000 bp to around 1200 bp. The similarity between strain KV1F-4 (lane 6) and strain KV1-1 (lane
12) could be explained by the fact that they belong to one tandem pair mother-child. Likewise, strains
40/2F-1 (lane 8), 40/2F-2 (lane 9), KV1F-5 (lane 10) and Hr1F-1 (lane 11) displayed identical profiles,
even though they were isolated from different donors, they were all of fecal origin. Isolates M1F-2
(lane 1) and M1-1 (lane 5) were resembling one another, and were most closely related to the type
strain L. rhamnosus ATCC 53103 (lane 16). We observed that the two L. paracasei representatives, KV2-
6 (lane 13) and M1-5 (lane 14) formed different profiles. They differed from one another by a band
formed between 1500 and 2000 bp, present in KV2-6. The same band was in the profile of type strain
L. paracasei ATCC 334 also. The current data signified not only microbial, but also strain analogy
between different subjects in the current cohort.
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Figure 2. RAPD patterns of L. rhamnosus and L. paracasei strains obtained with primers (A) RAPD-04,
(B) 80A_RAPD, (C) 80C_RAPD_OPT-14 and (D) 80B_RAPD_M13. M—DNA Ladder, Lane 1 to 17
corresponding to the strain numbers: M1F-2, Iv1-2, Iv1-1, L1-1, M1-1, KV1F-4, N1-1, 40/2F-1, 40/2F-2,
KV1F-5, Hr1F-5, KV1-1, KV2-6, M1-5, N1F-2, L. rhamnosus ATCC 53103, L. paracasei ATCC 334, (-)—
negative control.

The fingerprinting profiles of L. rhamnosus strains were grouped almost identically when using
primers RAPD-04 and RAPD 80 A, with two exceptions. Strain Iv1-1 (lane 3) was group together with
strains Iv1-2, L1-1, and N1F-2 (lanes 2, 4, and 15, respectively). Also, strain KV1F-5 (lane 10) showed
certain variation from 40/2F-1 (lane 8), 40/2F-2 (lane 9), and Hr1F-1 (lane 11), as the band at 400 bp
was absent, whereas one band between 1000 bp and 1200 bp appeared, so it generated an individual
profile. All other RAPD groups were the same. In fine, primer RAPD 80 A generated four genotypes.
In regards to primer 80B_RAPD_M13, it formed almost completely different clustering between
strains beside the observed similarity of the previous RAPD-PCR primers. Strains Iv1-2 (lane 2), Iv1-
1 (lane 3) and KV1F-5 (lane 10) were also almost identical to the type strain but they were missing the
band between 2000 and 3000 bp and showed one around 1900 bp. Isolates L1-1 (lane 4), KV1F-4 (lane
6), N1-1 (lane 7) and KV1-1 (lane 12) were more or less comparable to the N1F-2 (lane 15), which
additionally confirms the taxonomical closeness between the identified strains in our cohort. Primer
80C_RAPD_OPT-14 displayed the most heterogenic fingerprinting profiles among the four RAPD-
PCR primers. Isolates Iv1-2 (lane 2), Iv1-1 (lane 3) were almost identical, however, additional band
was surveilled at 600 bp in lane 3. Strains KV1F-4 (lane 6), N1-1 (lane 7), KV1E-5 (lane 10), KV1-1 (lane
12) and N1F-2 (lane 15), exhibited similarity in their fingerprinting profiles, in the same manner as
40/2F-1 (lane 8), 40/2F-2 (lane 9), and HrlF-1 (lane 11), except for the band around 600 bp in strain
40/2F-1. PCR-RAPD approach clearly defined the taxonomical relation and the strain diversity
between the isolates from the samples in our cohort. The type strain L. rhamnosus (lane 16) and strains
M1E-2 (lane 1) and M1-1 (lane 5) were grouped with identical fingerprints, nevertheless of the tested
RAPD-PCR primers. On the other hand, the two L. paracasei (lanes 13 and 14), and the type strain (line
17), also showed different RAPD profiles.

4. Conclusion

In the recent study the polyphase approach including reliable techniques as MALDI TOF mass
spectrometry and 16S rRNA were applied to identify cultivable LAB population isolated from HBM
and infant feces. On the other hand, to provide evidence for strain diversity between tested dominant
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group of L. rhamnosus. The isolated cultures were affiliated with five different genera of LAB
including Lacticaseibacillus, Limosilactibacillus, Lactiplantibacillus, Levilactobacillus, Lactobacillus and
eight different species: L. rhamnosus, L. paracasei, L. reuteri, L. fermentum, L. plantarum, L. brevis, L.
gasseri and L. pentosus. Our data revealed that L. rhamnosus was the predominat species isolated from
the tesed samples of HBM and infant feces from Bulgarian donors. On the other hand, according to
the RAPD-PCR analysis performed on the strains belonging to the species L. rhamnosus there was a
strain diversity. Combination of the primers generated at least seven genotypes.

The results obtained in the present work allow to admit the hypothesis for vertical transfer of
LAB from mother to neonate via breastfeeding. Our pilot study revealed the cultivable core rod-shaped lactic
acid bacteria probably indigenous for breast milk of Bulgarian mothers as well as for gut microbiota of their
infant

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.

Author Contributions: Conceptualization, I.R.; methodology, LR., Z.U., and P.M,; Validation, LR, A.A., Z.U,,
and P.M.; investigation, LR., A.A,, HH., S.I, VM, V.Y. LZ. and D.D,; resources, T.N., T.G., P.H, M.T.,, M.R. and
T.B.; writing—original draft preparation A.A. and LR.; writing—review and editing, LR., Z.U., and P.M,;
software, L.R., and K.S.; supervision, LR.; project administration, LR.; All authors have read and approved the
final version of the manuscript.

Funding: The present work was funded by the Bulgarian National Science Fund, grant numbers KP-06-N61/9
(NoKTI-06-H61/9) Microbiome and composition of human breast milk—key factors, role and relationship with
oral and intestinal microbiota of newborns”. Conference attendance grant BG-RRP-2.004-0008-C01 Project ”Sofia
University —Marking Momentum FOR Innovation and Technological Transfer”.

Acknowledgments: Part of the experiments used laboratory equipment purchased under the Operational
Program “Research, Innovation and Digitalization for Smart Transformation”, PRIDST 2021-2027, funded by EU
and Bulgarian Government, (Projects Centre of Competence “Sustainable Utilization of Bio Resources and Waste
of Medicinal and Aromatic Plants for Innovative Bioactive Products” and Project “Fundamental Translational
and Clinical Research in Infection and Immunity”).

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Turunen, J; Tejesvi, M.V,; Paalanne, N.; Hekkala, J.; Lindgren, O.; Kaakinen, M.; Pokka, T.; Kaisanlahti, A.;
Reunanen, J.; Tapiainen, T. Presence of distinctive microbiome in the first-pass meconium of newborn
infants. Sci. Rep. 2021, 11, 19449. doi: 10.1038/s41598-021-98951-4.

2. Coelho, G.D.P.; Ayres, L.F.A,; Barreto, D.S.; Henriques, B.D.; Prado, M.R.M.C.; Passos, C.M.D. Acquisition
of microbiota according to the type of birth: an integrative review. Rev. Lat. Am. Enfermagem. 2021, 29, e3446.
doi: 10.1590/1518.8345.4466.3446.

3. Wampach, L.; Heintz-Buschart, A.; Fritz, ].V.; Ramiro-Garcia, J.; Habier, J.; Herold, M.; Narayanasamy, S.;
Kaysen, A.; Hogan, A.H.; Bindl, L.; Bottu, J.; Halder, R.; Sjoqvist, C.; May, P.; Andersson, A.F.; de Beaufort,
C.; Wilmes, P. Birth mode is associated with earliest strain-conferred gut microbiome functions and
immunostimulatory potential. Nat. Commun. 2018, 9, 5091. doi: 10.1038/s41467-018-07631-x.

4.  Ma,],;Li Z,; Zhang, W.; Zhang, C.; Zhang, Y.; Mei, H.; Zhuo, N.; Wang, H.; Wang, L.; Wu, D. Comparison
of gut microbiota in exclusively breast-fed and formula-fed babies: a study of 91 term infants. Sci. Rep. 2020,
10, 15792. doi: 10.1038/s41598-020-72635-x.

5. Toscano, M.; De Grandj, R.; Grossi, E.; Drago, L. Role of the Human Breast Milk-Associated Microbiota on
the Newborns’” Immune System: A Mini Review. Front. Microbiol. 2017, 8, 2100. doi:
10.3389/fmicb.2017.02100.

6. Lubiech, K., Twaruzek, M. Lactobacillus Bacteria in Breast Milk. Nutrients. 2020 12, 3783. doi:
10.3390/nu12123783.

7.  Navarro-Tapia, E.; Sebastiani, G.; Sailer, S.; Toledano, L.A.; Serra-Delgado, M.; Garcia-Algar, O.,' Andreu-
Fernandez, V. Probiotic Supplementation During the Perinatal and Infant Period: Effects on Gut Dysbiosis
and Disease. Nutrients. 2020, 12, 2243. doi: 10.3390/nu12082243.

8. Neu, J.; Pammi, M. Pathogenesis of NEC: Impact of an altered intestinal microbiome. Semin. Perinatol. 2017,
41, 29-35. doi: 10.1053/j.semperi.2016.09.015.


https://doi.org/10.20944/preprints202408.0196.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2024 d0i:10.20944/preprints202408.0196.v1

13

9.  Aloisio, I; Quagliariello, A.; De Fanti, S.; Luiselli, D.; De Filippo, C.; Albanese, D.; Corvaglia, L.T.; Faldella,
G.; Di Gioia, D. Evaluation of the effects of intrapartum antibiotic prophylaxis on newborn intestinal
microbiota using a sequencing approach targeted to multi hypervariable 165 rDNA regions. Appl. Microbiol.
Biotechnol. 2016, 100, 5537-5546. doi: 10.1007/s00253-016-7410-2.

10. Azad, M.B.; Konya, T.; Persaud, R.R.; Guttman, D.S.; Chari, R.S.; Field, CJ.; Sears, M.R.; Mandhane, P.J.;
Turvey, S.E.; Subbarao, P.; Becker, A.B.; Scott, ].A.; Kozyrskyj, A.L.; CHILD Study Investigators. Impact of
maternal intrapartum antibiotics, method of birth and breastfeeding on gut microbiota during the first year
of life: a prospective cohort study. BJOG. 2016, 123, 983-993. doi: 10.1111/1471-0528.13601.

11. Arboleya, S.; Sanchez, B.; Milani, C.; Duranti, S.; Solis, G.; Fernandez, N.; de los Reyes-Gavilan, C.G;
Ventura, M.; Margolles, A.; Gueimonde, M. Intestinal microbiota development in preterm neonates and
effect of perinatal antibiotics. J. Pediatr. 2015, 166, 538-544. doi: 10.1016/j.jpeds.2014.09.041.

12.  Shin, N.R.; Whon, T.W.; Bae, ].W. Proteobacteria: microbial signature of dysbiosis in gut microbiota. Trends
Biotechnol. 2015, 33, 496-503. doi: 10.1016/j.tibtech.2015.06.011.

13. Greenwood, C.; Morrow, A.L.; Lagomarcino, A.J.; Altaye, M.; Taft, D.H.; Yu, Z.; Newburg, D.S.; Ward,
D.V.; Schibler, K.R. Early empiric antibiotic use in preterm infants is associated with lower bacterial
diversity and higher relative abundance of Enterobacter. ]. Pediatr. 2014, 165, 23-29. doi:
10.1016/j.jpeds.2014.01.010.

14. Quin, C,; Estaki, M.; Vollman, D.M.; Barnett, J.A.; Gill, S.K.; Gibson, DL. Probiotic supplementation and
associated infant gut microbiome and health: a cautionary retrospective clinical comparison. Sci. Rep. 2018,
8, 8283. doi: 10.1038/s41598-018-26423-3.

15. Alemu, BK, Azeze, G.G; Wu, L,; Lau, S.L; Wang, C.C; Wang, Y. Effects of maternal probiotic
supplementation on breast milk microbiome and infant gut microbiome and health: a systematic review
and meta-analysis of randomized controlled trials. Am. J. Obstet. Gynecol. MFM. 2023, 5, 101148. doi:
10.1016/j.ajogmf.2023.101148.

16. Barticka, A.; Galecka, M.; Mazela, J. The impact of perinatal and postnatal factors on composition of the
intestinal microbiota in infants. Stand. Med. Pediatric, 2016, 13, 165-17234.

17. Palmeira, P.; Carneiro-Sampaio, M. Immunology of breast milk. Rev. Assoc. Med. Bras. (1992). 2016, 62, 584-
593. doi: 10.1590/1806-9282.62.06.584.

18. Martin, R,; Langa, S.; Reviriego, C.; Jiminez, E.; Marin, M.L.; Xaus, J.; Fernandez, L.; Rodriguez, ] M. Human
milk is a source of lactic acid bacteria for the infant gut. ]. Pediatr. 2003, 143, 754-758. doi:
10.1016/j.jpeds.2003.09.028.

19. Moossavi, S.; Sepehri, S.; Robertson, B.; Bode, L.; Goruk, S.; Field, C.J.; Lix, L.M.; de Souza, R.J.; Becker,
A.B.; Mandhane, P.J.; Turvey, S.E.; Subbarao, P.; Moraes, T.J.; Lefebvre, D.L.; Sears, M.R.; Khafipour, E,;
Azad. M.B. Composition and Variation of the Human Milk Microbiota Are Influenced by Maternal and
Early-Life Factors. Cell Host Microbe. 2019, 25, 324-335.e4. doi: 10.1016/j.chom.2019.01.011.

20. Jiménez, E.; Fernandez, L.; Maldonado, A.; Martin, R.; Olivares, M.; Xaus, J.; Rodriguez, J.M. Oral
administration of Lactobacillus strains isolated from breast milk as an alternative for the treatment of
infectious mastitis during lactation. Appl. Environ. Microbiol. 2008, 74, 4650-5. doi: 10.1128/AEM.02599-07.

21. Abrahamsson, T.R.; Sinkiewicz, G.; Jakobsson, T.; Fredrikson, M.; Bjorkstén, B. Probiotic lactobacilli in
breast milk and infant stool in relation to oral intake during the first year of life. ]. Pediatr. Gastroenterol.
Nutr. 2009, 49, 349-54. doi: 10.1097/MPG.0b013e31818{091b.

22. Fallani, M,; Young, D.; Scott, J.; Norin, E.; Amarri, S.; Adam, R.; Aguilera, M.; Khanna, S; Gil, A.; Edwards,
C.A.; Doré, J.; Other Members of the INFABIO Team. Intestinal microbiota of 6-week-old infants across
Europe: geographic influence beyond delivery mode, breast-feeding, and antibiotics. ]. Pediatr.
Gastroenterol. Nutr. 2010, 51, 77-84. doi: 10.1097/MPG.0b013e3181d1b11e.

23. Ding, M,; Qi, C; Yang, Z; Jiang, S.; Bi, Y.; Lai, J.; Sun, J. Geographical location specific composition of
cultured microbiota and: lactobacillus occurrence in human breast milk in China. Food Funct. 2019, 10, 554—
564. doi: 10.1039/c8f002182a,

24. Soto, A.; Martin, V.; Jiménez, E.; Mader, I.; Rodriguez, ] M.; Fernandez, L. Lactobacilli and bifidobacteria in
human breast milk: influence of antibiotherapy and other host and clinical factors. ]. Pediatr. Gastroenterol.
Nutr. 2014, 59, 78-88. doi: 10.1097/MPG.0000000000000347.

25. Mitsou, E.K,; Kirtzalidou, E.; Oikonomou, I.; Liosis, G.; Kyriacou, A. Fecal microflora of Greek healthy
neonates. Anaerobe. 2008, 14, 94-101. doi: 10.1016/j.anaerobe.2007.11.002.

26. Solis, G.; de Los Reyes-Gavilan, C.G.; Fernandez, N.; Margolles, A.; Gueimonde, M. Establishment and
development of lactic acid bacteria and bifidobacteria microbiota in breast-milk and the infant gut.
Anaerobe. 2010,16, 307-310. doi: 10.1016/j.anaerobe.2010.02.004.

27. Zhang, X.; Mushajiang, S.; Luo, B.; Tian, F.; Ni, Y.; Yan, W. The Composition and Concordance of
Lactobacillus Populations of Infant Gut and the Corresponding Breast-Milk and Maternal Gut. Front.
Microbiol. 2020, 11, 597911. doi: 10.3389/fmicb.2020.597911.


https://doi.org/10.20944/preprints202408.0196.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2024 d0i:10.20944/preprints202408.0196.v1

14

28. Dugkova, M.; Sedo, O.; Kicova, K.; Zdrahal, Z.; Karpiskova, R.. Identification of lactobacilli isolated from
food by genotypic methods and MALDI-TOF MS. International Journal of Food Microbiology. 2012, 159, 107-
114. doi: 10.1016/.ijffoodmicro.2012.07.029.

29. Carbonnelle, E.; Mesquita, C.; Bille, E.; Day, N.; Dauphin, B.; Beretti, J.; Ferroni, A.; Gutmann, L.; Nassif, X.
MALDI-TOF mass spectrometry tools for bacterial identification in clinical microbiology laboratory.
Clinical Biochemistry, 2011, 44, 104-109. doi: 10.1016/j.clinbiochem.2010.06.017.

30. Treven, P.; Mahnic’, A.; Rupnik, M.; Golob, M.; Pirs, T.; Matijasic’, B.; Lorbeg, P. Evaluation of human milk
microbiota by 165 rRNA gene next-generation sequencing (NGS) and cultivation/MALDI-TOF mass
spectrometry identification. Front. Microbiol. 2019, 10, 2612. doi: 10.3389/fmicb.2019.02612.

31. Angelakis, E.; Million, M.; Henry, M.; Raoult, D. Rapid and accurate bacterial identification in probiotics
and yoghurts by MALDI-TOF mass spectrometry. J. Food Sci. 2011, 76, M568-M572. doi: 10.1111/j.1750-
3841.2011.02369.x.

32. Delavenne, E.; Ismail, R.; Pawtowski, A.; Mounier, J.; Barbier, G.; Le Blay, G. Assessment of lactobacilli
strains as yogurt bioprotective cultures. Food Control. 2013, 30, 206-213. doi: 10.1016/j.foodcont.2012.06.043.

33. Bunesova, V.; Killer, J.; Vlkova, E.; Musilova, S.; Tomaska, M.; Rada, V. Isolation and characterization of
bifidobacteria from ovine cheese. Int. J. Food Microbiol. 2014, 188, 26-30. doi:
10.1016/j.ijjffoodmicro.2014.07.001.

34. Nacef, M.; Chevalier, M.; Chollet, S; Drider, D.; Flahaut, C. MALDI-TOF mass spectrometry for the
identification of lactic acid bacteria isolated from a French cheese: the maroilles. Int. |. Food Microbiol. 2016,
247, 2-8. doi: 10.1016/j.ijfoodmicro.2016.07.005.

35. Lyons, K.E,; Ryan, C.A.; Dempsey, E.M.; Ross, R.P.; Stanton, C. Breast Milk, a Source of Beneficial Microbes
and Associated Benefits for Infant Health. Nutrients. 2020, 12, 1039. doi: 10.3390/nu12041039.

36. Sharma, A: Lee, S.; Park, Y. Molecular typing tools for identifying and characterizing lactic acid bacteria: a
review. Food Sci. Biotechnol. 2020, 29, 1301-1318. doi: 10.1007/s10068-020-00802-x.

37. Jarocki, P.; Komon-Janczara, E.; Glibowska, A., Dworniczak, M.; Pytka, M.; Korzeniowska-Kowal A;
Wzorek, A.; Kordowska-Wiater, M. Molecular routes to specific identification od the Lactobacillus casei
group at the species, subspecies and strain level. Int. J. Mol. Sci. 2020, 21, 2694. doi:10.3390/ijms21082694.

38. Mahenthiralingam, E.; Marchbank, A.; Drevinek, P.; Garaiova, I.; Plummer, S. Use of colony-based bacterial
strain typing for tracking the fate of Lactobacillus strains during human consumption. BMC Microbiol. 2009,
9, 251. doi: 10.1186/1471-2180-9-251.

39. Donelli, G.; Vuotto, C.; Mastromarino, P. Phenotyping and genotyping are both essential to identify and
classify a probiotic microorganism. Microb. Ecol. Health Dis. 2013, 24. doi: 10.3402/mehd.v24i0.20105.

40. Satokari, R.; Vaughan, E.; Smidt, H.; Saarela, M.; Mittg, J.; Vos, W. Molecular approaches for the detection
and identification of bifidobacteria and lactobacilli in the human gastrointestinal tract. Syst. Appl. Microbiol.
2003, 26, 572-84. doi: 10.1078/072320203770865882.

41. Rossetti, L.; Giraffa, G. Rapid identification of dairy lactic acid bacteria by M13-generated, RAPD-PCR
fingerprint databases. ]. Microbiol. Methods. 2005, 63, 135-44. doi: 10.1016/j.mimet.2005.03.001.

42. Sharma, A.; Kaur, J,; Lee, S.; Park, Y.S. RAPD typing of Lactobacullus brevis isolated from various food
products from Korea. Food Science and Biotechnology. 2016, 25, 1651-1655. doi: 10.1007/s10068-016-0254-9.

43. Rodriguez, ].M.; Murphy, K.; Stanton. C.; Ross, R.P.; Kober, O.I; Juge, N.; Avershina, E.; Rudi, K.; Narbad,
A.; Jenmalm, M.C.; Marchesi, J.R., Collado, M.C. The composition of the gut microbiota throughout life,
with an emphasis on early life. Microb. Ecol. Health. Dis. 2015, 26, 26050. doi: 10.3402/mehd.v26.26050.

44. Rodriguez, ]. M. The origin of human milk bacteria: is there a bacterial entero-mammary pathway during
late pregnancy and lactation? Adv. Nutr. 2014 5,779-784. doi: 10.3945/an.114.007229.

45. Albesharat, R.; Ehrmann, M.A,; Korakli, M.; Yazaji, S.; Vogel, R.F. Phenotypic and genotypic analyses of
lactic acid bacteria in local fermented food, breast milk and faeces of mothers and their babies. Syst. Appl.
Microbiol. 2011, 34,148-155. doi: 10.1016/j.syapm.2010.12.001.

46. Wall, R, Fitzgerald, G.; Hussey, S.; Ryan, T.; Murphy, B.; Ross, P.; Stanton, C. Genomic diversity of
cultivable Lactobacillus populations residing in the neonatal and adult gastrointestinal tract. FEMS
Microbiol. Ecol. 2007, 59, 127-137. doi: 10.1111/j.1574-6941.2006.00202.X.

47. Mollova, D.; Gozmanova, M.; Apostolova, E.; Yahubyan, G,; Iliev, I.; Baev, V. Illluminating the genomic
landscape of Lactiplantibacillus plantarum PU3 - a novel probiotic strain isolated from human breast milk,
explored  through  nanopore  sequencing. Microorganisms. 2023, 11, 2440. doi:
10.3390/microorganisms11102440.

48. Ahrné, S;; Lonnermark, E.; Wold, A.E.; Aberg, N.; Hesselmar, B.; Saalman, R.; Strannegard, I.L.; Molin, G.;
Adlerberth, I. Lactobacilli in the intestinal microbiota of Swedish infants. Microbes Infect. 2005, 7, 1256-1262.
doi: 10.1016/j.micinf.2005.04.011.

49. Nikolopoulou, G.; Tsironi, T.; Halvatsiotis, P.; Petropoulou, E.; Genaris, N.; Vougiouklaki, D,
Antonopoulos, D.; Thomas, A.; Tsilia, A.; Batrinou, A.; et al. Analysis of the major probiotics in healthy
women’s breast milk by realtime PCR. Factors affecting the presence of those bacteria. Appl. Sci. 2021, 11,
9400. doi: 10.3390/app11209400.



https://doi.org/10.20944/preprints202408.0196.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2024 d0i:10.20944/preprints202408.0196.v1

15

50. McGuire, M.K.; McGuire, M.A. Human milk: Mother nature’s prototypical probiotic food? Adv. Nutr. 2015,
6, 112-123. doi: 10.3945/an.114.007435.

51. Martin, V.; Maldonado-Barragan, A.; Moles, L.; Rodriguez-Bafios, M.; Campo, R.D.; Fernandez, L,
Rodriguez, ].M.; Jiménez, E. Sharing of bacterial strains between breast milk and infant feces. ]. Hum. Lact.
2012, 28, 36-44. doi: 10.1177/0890334411424729.

52. Camacho, C; Coulouris, G.; Avagyan, V.; Ma, N.; Papadopoulos, J.; Bealer, K.; Madden, T. BLAST+:
architecture and applications. BMC Bioinformatics. 2009, 10, 421. doi: 10.1186/1471-2105-10-421.

53. Hill, D.; Sugrue, I.; Tobin, C,; Hill, C.; Stanton, C.; Ross, R. The Lactobacillus casei Group: History and
Health Related Applications. Front. Microbiol. 2018, 9, 2107. doi: 10.3389/fmicb.2018.02107.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202408.0196.v1

