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Introduction: The anti-infective effect of early colonization of infants by potentially
probiotic lactic acid bacteria in human milk is a growing area of research. Lactobacillus
plantarum colonization in early infancy may be important to health in later life. Here,
we present an investigation into the presence of L. plantarum in breast milk from
Iranian mothers.
Materials and Methods: Human breast milk samples (n = 40) were randomly
collected from lactating and breastfeeding women having undergone full-term
pregnancies. Information concerning personal characteristics was collected after
birth. The samples were cultured in de Man, Rogosa, and Sharpe medium using the
pour plate technique, and isolates were initially identiﬁed by biochemical methods.
Isolates were established as belonging to the genus Lactobacillus based on the 1623S rRNA region, and the species L. plantarum was identiﬁed using PCR and primers
targeting the recA gene.
Results: In our study, 35 samples (87.5%) contained suspected lactobacilli based on
phenotypic tests. Thirty of these (85.71%) were conﬁrmed as containing bacteria of
the genus Lactobacillus using a genotypic method (PCR), all of which were found to
be L. plantarum.
Conclusion: Probiotic bacteria in a mother’s breast milk may have positive effects on
her infant’s health. This insight creates new perspectives concerning the use of breast
milk as a source of probiotic bacteria for bacteriotherapy.
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1. Introduction
The nutritional qualities of breast milk have developed since the divergence of mammals [1]. Breast milk includes several functional nutrients that facilitate the creation
of a microenvironment optimized for gut development and maturation [2, 3]. Some
of these components, including regulatory cytokines and growth factors, also exert a
protective effect. In addition, breast milk contains several variable components, such
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as lysozyme, lactoferrin, and oligosaccharides, which contribute to the prevention of
infections and support the growth of beneﬁcial bacteria in the gut. Furthermore, breast
milk represents a continuous supply of microbes, factors favoring their growth, and
components that regulate host-microbe interactions. These properties emphasize one
of the key functions of breastfeeding in conferring protection on newborn children
during a critical period in their life, when breast milk is their principal source of nutrition
and their own immune defenses, such as the integrity of the gastrointestinal tract (GIT)
barrier, are immature [4–7].
It has recently been accepted that consumption of breast milk is a means by
which newborns obtain microorganisms that may colonize their gut and modulate its
function 8-12. Several bacteria predominate in human breast milk, including staphylococci, streptococci, micrococci, lactobacilli, enterococci, lactococci, and biﬁdobacteria [8, 13, 14]. These bacteria, which are present in the breast, originate from
the maternal intestines and reach the mammary glands through an endogenous
route, via macrophages and dendritic cells [15, 16]. Thus, breastfeeding may be a
signiﬁcant source of lactobacilli, along with other probiotic species, for the newborn
gut. The Lactobacillus genus contains more than 25 varieties of gram-positive, catalasenegative, and rod-shaped bacteria, which constitute less than 1% of all intestinal
bacteria in adults. However, members of this genus make up a greater proportion of
the neonatal and infant intestinal microﬂora (between 105 and 108 CFU/g of feces)
[17, 18]. The lactobacilli species isolated from breast milk to date are L. gasseri, L.
rhamnosus, L. acidophilus, L. plantarum, L. reuteri, L. fermentum, L. animalis, L. brevis,
L. helveticus, L. oris, L. casei, L. gastricus, L. vaginalis, L. crispatus, and L. salivarius
[8, 14, 16, 19].
There is increasing evidence that some probiotic strains exert preventive and/or
curative effects on a range of infections and inﬂammatory gastrointestinal infectious
diseases [20–22]. The survival capacity (acid and bile salt tolerance, survival in a simulated GIT, pathogen inhibition, antibiotic susceptibility, and exopolysaccharide production) and probiotic properties (reduction of pathogen adhesion and protection of
Caco-2 cells from the effect of sodium dodecyl sulfate and inﬂammatory stress) of a
speciﬁc strain of Lactobacillus plantarum isolated from human breast milk have been
investigated in previous work [23]. Lactobacilli constitute an essential component of
the healthy human intestinal microbiota and are believed to be involved in its control
and maintenance [24].
L. plantarum is a versatile lactic acid bacterium with a proven ability to survive
gastric transit and colonize the intestinal tracts of humans and other mammals [25].
An increasing number of studies have; addressed the possibility of developing an
ingestible living vaccine using L. plantarum [26]. Furthermore, work is ongoing to determine the activity of this bacterium, which has previously been found in breast milk
from women in other countries, in the human intestinal tract [11, 27, 28]. The consumption of L. plantarum has been associated with signiﬁcant health improvements in
humans and other animals [29–32]. In in vitro and in vivo tests of the beneﬁcial health
effects of probiotics, an L. plantarum strain was found to have an adequate safety
proﬁle, a strong ability to survive in the GIT, and positive effects on hosts [33, 34]. L.
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plantarum has also been used in human clinical trials for its promotion of the immune
system and alleviation of intestinal disorders and cardiovascular diseases [35, 36].
Supplementation with probiotic L. plantarum IS-10506 and zinc for 90 days was found to
result in a signiﬁcantly increased humoral immune response, as well as improved zinc
status, in young children [37]. Moreover, there is growing evidence that lactobacilli
colonization at a very early age may protect infants from developing atopic allergy
[38]. In addition, administration of a Lactobacillus strain from human milk to infants for
6 months has been shown to lead to 46%, 27%, and 30% reductions in the incidence
of gastrointestinal, upper respiratory tract, and total infections, respectively [39]. The
aim of the present study was to contribute to the investigation of the presence of
beneﬁcial bacteria from healthy sources, such as breast milk, in Iran.

2. Materials and Methods
2.1. Samples and data collection
Breast milk samples (n = 40) were randomly collected from lactating mothers having
undergone full-term pregnancies and with breastfed infants aged 3 days to 12 months.
All volunteers provided written informed consent to participate in the study, which was
approved by the Ethics Committee of Isfahan University of Medical Sciences. Information regarding personal characteristics, dietary habits, and the infants (including details
of delivery and early infant feeding) were collected after birth. Data concerning the
duration of breastfeeding and infant feeding practices were recorded during interviews
[19].

2.2. Clinical evaluation and exclusion criteria (subjects and design)
All volunteers were informed of the aim and protocol of the investigation. Subjects
with fever, diabetes, infections, metabolic disease, gestational hypertension, diseases
of the breast or central nervous system, malnutrition, maternal allergy, or addictions
and those drinking alcohol were excluded, as were newborns with any malformation or
cardiac or hemolytic disease. Diseases were diagnosed from subjects’ medical histories
and by physical examination. All participants were healthy and without any infant
and/or maternal perinatal problems. Only healthy women who had not used antibiotics
within the 2 weeks prior to the study were included. The participating mothers avoided
consumption of any herbal tea and supplements containing lactic acid bacteria (LAB)
for 2 weeks before sampling. There were no other restrictions to their normal diet,
which may have contained naturally occurring LAB. The mothers were between 18
and 40 years of age. They refrained from breastfeeding 1 h before providing a sample,
which was taken in the morning [38].

DOI 10.18502/rmm.v5i4.3065

Page 52

Research in Molecular Medicine (RMM)

Mansoureh Taghizadeh et al

2.3. Sampling
The nipple and mammary areola were cleaned with soap and sterile water, before
application of chlorhexidine (Qiagen, Hilden, Germany). The breast milk sample (10–15
ml) was collected in a sterile tube using sterile gloves. The ﬁrst drops (approximately
1 ml) were discarded to avoid chlorhexidine contamination. Similarly, a swab from the
nipple and mammary areola were obtained to assess the efﬁcacy of the antiseptic
treatment. The tubes containing the samples were packed in insulated boxes containing dry ice and sent to the laboratory within two hours [40].

2.4. Isolation and identiﬁcation of bacteria
Aliquots (1000 µl) of the samples were plated directly for culture. In addition, serial
dilutions were plated on 3 culture plates using the pour plate method with de Man,
Rogosa, and Sharpe (MRS) medium (Merck, Darmstadt, Germany). This was performed
in duplicate, and the medium was supplemented with 0.5% glucose (Merck) and 0.25%
l-cysteine (Merck) to select for LAB and favor the growth of lactobacilli. The agar plates
were incubated at 37∘ C under anaerobic conditions (10% H2 , 10% CO2 , and 80% N2 ) in a
Mac 500 chamber (Mart Microbiology, Lichtenvooorde, Netherlands) for 48–72 h. Suspected LAB colonies were puriﬁed by streaking on appropriate media. Colonies were
then counted and selected for further tests. The identity of the isolates was conﬁrmed
by Gram staining, microscopic examination, and catalase and oxidase reactions. PCR
ampliﬁcation of the genomic DNA of the isolated bacteria was performed to determine
the genus and species [41].

2.5. Genomic DNA preparation
Genomic DNA was obtained as follows: a 10-ml overnight culture of bacteria was
pelleted by centrifugation (3023 ×g for 10 min at 4∘ C), washed twice in phosphatebuffered saline (pH 7.2), and suspended in 400 µl of lysis buffer (2.5 mg.ml−1 lysozyme,
12% polyethylene glycol 20,000, and 10 mM Tris at pH 8). After incubation for 2 h at
37∘ C, the cells were harvested by centrifugation (as above), and resuspended in 400 µl
of 20 mM Tris (pH 8). Cells were lysed by the addition of 40 µl of 10% sodium dodecyl
sulfate and incubation for 30 min at room temperature. After adding 55 µl of 5 M NaCl,
phenol-chloroform extractions were performed. Chromosomal DNA was precipitated
by isopropanol, washed with 70% ethanol, and resuspended in 30 µl of TE (10 mM
Tris-HCl and 1 mM ethylenediaminetetraacetic acid) containing 25 µg⋅ml−1 RNase. The
extracted DNA samples were stored at -20∘ C as 1:20 dilutions.
One microliter of diluted DNA was used as a template for PCR. The positive controls
comprised DNA extracted from L. plantarum subsp. plantarum PTCC1745 (prepared by
the Persian Type Culture Collection). The negative controls consisted of Escherichia
coli DNA extracts (prepared by the Department of Microbiology, Faculty of Medicine,
Isfahan University of Medical Sciences). DNA extraction was performed as described
above [42].
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3. PCR Analysis
3.1. PCR ampliﬁcation of the 16S-23S rRNA region and
ﬂanking 23S rRNA gene
To conﬁrm that isolates belonged to the genus Lactobacillus, they were selected from
MRS medium and subjected to 16S rRNA gene sequence analysis using PCR. Ampliﬁcation of the 16S rRNA gene was performed using the following primer pair: forward,
5′-GCT GGA TCA CCT CCT TTC-3′; and reverse, 5′-CCT TTC CCT CAC GGT ACT G-3′. The 25µl reaction mixture contained 2.5 µl of 10× PCR buffer, 0.5 µl deoxynucleoside triphosphate mixture (10 mM), 0.75 µl of MgCl2 (50 mM), 1 µl of each primer (100 pmol.µl−1 ),
2 µl of DNA, and 0.25 µl of Taq DNA polymerase (5 U.µl−1 )) Fermentas, Sankt LeonRot, Germany). The reaction conditions were as follows: 94∘ C for 3 min, followed by
30 cycles of 94∘ C for 30 s, 56∘ C for 30 s, and 72∘ C for 30 s, followed by 72∘ C for 30 s
and 4∘ C until needed. The PCR products were analyzed by electrophoresis on a 1.2%
agarose gel (Invitrogen, Karlsruhe, Germany( containing the nucleic acid stain called
Green Viewer (Qiagen). Lactobacillus isolates were identiﬁed by an amplicon size of
700–800 bp. After conﬁrming the isolates as belonging to the genus Lactobacillus, we
identiﬁed the species using speciﬁc primers in a further PCR-based analysis [43].

3.2. Identiﬁcation of L. plantarum
To identify L. plantarum among the Lactobacillus isolates, the extracted DNA was subjected to PCR using forward (5′-CCG TTT ATG CGG AAC ACC TA-3′) and reverse (5′-TCG
GGA TTA CCA AAC ATC AC-3′) primers targeting the recA gene, yielding an amplicon of
approximately 319 bp. A 25-µl reaction mixture was used, containing 2.5 µl of 10× PCR
buffer, 0.5 µl deoxynucleoside triphosphate mixture (10 mM), 0.75 µl of MgCl2 (50 mM),
1 µl of each primer (100 pmol.µl−1 ), 2 µl of DNA, and 0.25 µl of Taq DNA polymerase
(5 U.µl−1 ). The cycling conditions were as follows: 30 cycles of 94∘ C for 30 s, 57∘ C for
30 s, and 72∘ C for 80 s, followed by 72∘ C for 10 min, and 4∘ C until needed. The PCR
products were then analyzed on a 1.2% agarose gel containing the nucleic acid stain
called Green Viewer [44].

4. Results
4.1. Culture and PCR-based detection of speciﬁc genes
Of the 40 mothers that participated in this study, 35 (87.5%) had lactobacilli in their
breast milk. The minimum, maximum, and median log10 bacterial counts in the breast
milk of the positive mothers were 1.55, 5.04, and 3.18 cells⋅ml−1 , respectively, considering all oxidase- and catalase-negative, gram-positive, and rod-shaped bacteria.
Table 1 shows the characteristics of the studied mothers.
Ampliﬁcation of the 16S rRNA gene using genus-speciﬁc primers and PCR (yielding an amplicon of 700–800 bp) (Figure 1), followed by homology analysis with the
DOI 10.18502/rmm.v5i4.3065
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1: Characteristics of the study population (mothers and their infants).

Maternal Mode of delivery
age
(years)

Sex of infant

Vaginal Cesarean Female
Total 40
cases
𝑎

18–35𝑎
27.5𝑏

24𝑐
60%𝑑

16𝑐
40%𝑑

21𝑐
52.5%𝑑

Area

Baby age

Male

Urban

Rural

19𝑐 46.
3%𝑑

19𝑐
46.3%𝑑

22𝑐
53.7%𝑑

Below 3 Above 3
months months
22𝑐
53.7%𝑑

19𝑐
46.3%𝑑

Mothers’ age range; 𝑏 mean mother age; 𝑐 sample count; 𝑑 sample percentage.

Figure 1: Results of electrophoresis of 16S rRNA gene PCR products. Lane 1: 100-bp ladder. Lane 2: positive
control. Lanes 3–11 and 13: lactobacilli-positive samples. Lane 12: negative control.

Basic Local Alignment Search Tool (BLAST), revealed that 30 (85.71%) of the isolates
belonged to the genus Lactobacillus. PCR ampliﬁcation of the recA gene using speciesspeciﬁc primers (resulting in a 319-bp product) (Figure 2), followed by a BLAST homology search, revealed all of the Lactobacillus isolates to be L. plantarum.

5. Discussion
This study represents the ﬁrst attempt to determine the presence of L. plantarum
in human breast milk in Iran. Breast milk is not sterile, even when collected in an
aseptic manner; therefore, it likely harbors a natural bacterial inoculum that inﬂuences
colonization of the neonatal GIT. Breast milk not only provides a variety of substrates
for bacterial growth [45], but is also a signiﬁcant source of LAB that appear to be of
endogenous origin rather than contaminants from breast skin 8-10. The presence of
lactobacilli in breast milk has been associated with that of prebiotic oligosaccharides
in this same ﬂuid [46–48]. In the present study, even though no supplements or foods
containing probiotics or prebiotics were given to the participants, the breast milk collected contained strains of L. plantarum, the ﬁrst time such bacteria have been found
in breast milk in Iran.
DOI 10.18502/rmm.v5i4.3065
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Figure 2: Results of electrophoresis of recA gene PCR products indicating the presence of Lactobacillus
plantarum. Lane 1: 100-bp ladder. Lane 2: positive control. Lanes 3–12 and 14: L. plantarum-positive samples.
Lane 13: negative control.

Consistent with our ﬁndings, many investigations performed in other countries have
also isolated this species from breast milk samples [16, 27, 49, 50]. Martín et al. (2006)
found L. plantarum in only 1 of 20 breast milk samples 11, whereas Mehanna et al.
(2013) reported that 4 of the 30 samples that they examined contained this bacterium.
Jara et al. (2011) tested the microbiota of 48 breast milk samples, ﬁnding most of
the isolates (52%) to be L. acidophilus, with L. plantarum (30%), L. paracasei (7%),
L. salivarius (7%), and L. curvatus (4%) also being recovered [49, 50]. In addition,
Martín et al. (2007) isolated L. fermentum, L. rhamnosus, and L. plantarum from Spanish
mothers’ breast milk [51]. Based on this information, breast milk has been proposed
as a good source of potentially probiotic LAB. Moreover, it can be considered a natural
symbiont-containing food harboring a combination of probiotics and prebiotics that
may ultimately foster a speciﬁc “healthy” microbiota in the infant gut [52, 53].
Lactobacilli strains in human milk contribute to infant digestion through the breakdown of sugars and proteins and are metabolically active in the infant gut, resulting
in increased production of functional metabolites such as butyrate, the main energy
source of colonocytes and a compound considered relevant to the modulation of
intestinal function. Importantly, such bacteria also improve intestinal habits, increasing
fecal moisture content and stool frequency and volume [54, 55]. They also contribute to
reducing the incidence and severity of infections in breastfed infants by several mechanisms, such as competitive exclusion, production of antimicrobial compounds, and
improvement of intestinal barrier function by raising mucin production and reducing
intestinal permeability [9, 10, 13, 56]. As a result, and as the rate of infectious diseases
is signiﬁcantly lower among breastfed infants than formula-fed infants, anti-infective
properties have been attributed to breast milk [57].
Thus, lactobacilli from breast milk are excellent candidates for the development of
infant probiotic products [56]. The isolation of probiotic bacteria from human milk could
clearly be employed to beneﬁt the intestinal microbiota and immune development of
DOI 10.18502/rmm.v5i4.3065
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infants who, for various reasons, cannot be breastfed [57]. Indeed, there is evidence
indicating that some strains isolated from breast milk demonstrate good probiotic
potential, favoring their inclusion in products targeted at infants [49]. Modulation of the
maternal intestinal microbiota can have a direct effect on an infant’s health, offering
new perspectives on bacteriotherapy, which may be used as an effective alternative
to antibiotics. Work is in progress to elucidate the mechanisms responsible for such
effects [38]. The potential role of the microbiome in human milk appears to have
implications for not only short- and long-term infant health, but also mammary health.
A better understanding of the link between the milk microbiome and health, as well as
other potential factors inﬂuencing this association, will open new avenues in the study
of pregnancy and lactation [58, 59]. Further research is needed to better understand
the associations between health status and actual microbial communities, as well
as their possible beneﬁcial impacts on both mothers and their infants. Human milk
could be a good and safe source of probiotic bacteria capable of improving the infant
intestinal microﬂora.

6. Conclusion
L. plantarum is present in the human milk. It is found in a minority of nursing mothers
but in geographically distant countries. Further studies are needed to provide a better
understanding of the signiﬁcance of this organism and other LAB in breast milk and
their relevance to infant and maternal health. This study supports the use of isolated
breast milk probiotics in the development of new pharmaceutical preparations, as
supplements in the food industry, and in functional foods to beneﬁt public health. Their
inclusion in formula milk would be advantageous for infants not receiving breast milk.

Acknowledgements
This study was adapted from an MSc dissertation approved by the School of Nutrition
& Food Sciences, Isfahan University of Medical Sciences (code 393152). We would
especially like to thank the Navab-Safavi Health Centre in Isfahan and Dr. Faridfar, and
are grateful to the mothers who kindly participated in this study. The ethics approval
code of this article is IR.MUI.REC.1393.3.152.

Conﬂicts of Interest Statement
The authors whose names are listed immediately below certify that they have no
afﬁliations with or involvement in any organization or entity with any ﬁnancial interest
(such as honoraria; educational grants; participation in speakers’ bureaus; membership, employment, consultancies, stock ownership, or other equity interest; or expert
testimony or patent-licensing arrangements), or non-ﬁnancial interest (such as personal or professional relationships, afﬁliations, knowledge, or beliefs) in the subject
matter or materials discussed in this manuscript.
DOI 10.18502/rmm.v5i4.3065

Page 57

Research in Molecular Medicine (RMM)

Mansoureh Taghizadeh et al

This statement is signed by all the authors to indicate agreement that the above
information is true and correct.

References
[1] Oftedal OT. The mammary gland and its origin during synapsid evolution. J Mammary Gland Biol
Neoplasia. 2002;7(3):225-52. PMID: 12751889
[2] Petherick A. Development: mother’s milk: a rich opportunity. Nature. 2010;468(7327):S5-S7. PMID:
21179083
[3] Walker A. Breast milk as the gold standard for protective nutrients. J Pediatr. 2010;156(2):S3-S7. PMID:
20105662
[4] LeBouder E, Rey-Nores JE, Raby AC, Affolter M, Vidal K, Thornton CA, et al. Modulation of neonatal
microbial recognition: TLR-mediated innate immune responses are speciﬁcally and differentially
modulated by human milk. J Immunol. 2006;176(6):3742-52. PMID: 16517743
[5] Stockinger S, Hornef MW, Chassin C. Establishment of intestinal homeostasis during the neonatal
period. Cell Mol Life Sci. 2011;68(22):3699-712. PMID: 21952827
[6] Hoppu U, Isolauri E, Laakso P, Matomäki J, Laitinen K. Probiotics and dietary counselling targeting
maternal dietary fat intake modiﬁes breast milk fatty acids and cytokines. Eur J Nutr. 2012;51(2):211-9.
PMID: 21626296
[7] Brandtzaeg P. ’ABC’ of mucosal immunology. Nestle Nutr Workshop Ser Pediatr Program. 2009;64:2338. PMID: 19710513
[8] Martin R, Langa S, Reviriego C, Jiménez E, Martin ML, Olivares M, et al. The commensal microﬂora
of human milk: new perspectives for food bacteriotherapy and probiotics. Trends Food Sci Technol.
2004;15(3):121-7.
[9] Martín R, Langa S, Reviriego C, Jimínez E, Marín ML, Xaus J, et al. Human milk is a source of lactic acid
bacteria for the infant gut. J Pediatr. 2003;143(6):754-8. PMID: 14657823
[10] Martín R, Olivares M, Marín ML, Fernández L, Xaus J, Rodríguez JM. Probiotic potential of 3 lactobacilli
strains isolated from breast milk. J Hum Lact. 2005;21(1):8-17. PMID: 15681631
[11] Martín R, Jiménez E, Olivares M, Marín M, Fernández L, Xaus J, et al. Lactobacillus salivarius CECT 5713,
a potential probiotic strain isolated from infant feces and breast milk of a mother–child pair. Int J Food
Microbiol. 2006;112(1):35-43. PMID: 16843562
[12] Martín V, Maldonado-Barragán A, Moles L, Rodriguez-Baños M, del Campo R, Fernández L, et al.
Sharing of bacterial strains between breast milk and infant feces. J Hum Lact. 2012;28(1):36-44. PMID:
22267318
[13] Beasley SS, Saris PE. Nisin-producing Lactococcus lactis strains isolated from human milk. Appl Environ
Microbiol. 2004;70(8):5051-3. PMCID: PMC492443
[14] Heikkilä M, Saris P. Inhibition of Staphylococcus aureus by the commensal bacteria of human milk. J
Appl Microbiol. 2003;95(3):471-8. PMID: 12911694
[15] Perez PF, Doré J, Leclerc M, Levenez F, Benyacoub J, Serrant P, et al. Bacterial imprinting of the neonatal
immune system: lessons from maternal cells? Pediatrics. 2007;119(3):e724-e32. PMID: 17332189
[16] Albesharat R, Ehrmann MA, Korakli M, Yazaji S, Vogel RF. 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(2):148-55. PMID: 21300508
[17] Heilig HG, Zoetendal EG, Vaughan EE, Marteau P, Akkermans AD, de Vos WM. Molecular diversity
of Lactobacillus spp. and other lactic acid bacteria in the human intestine as determined by speciﬁc
ampliﬁcation of 16S ribosomal DNA. Appl Environ Microbiol. 2002;68(1):114-23. PMID: 11772617
[18] Sghir A, Gramet G, Suau A, Rochet V, Pochart P, Dore J. Quantiﬁcation of bacterial groups within human
fecal ﬂora by oligonucleotide probe hybridization. Appl Environ Microbiol. 2000;66(5):2263-6. PMID:
10788414
[19] Sinkiewicz G, Ljunggren L. Occurrence of Lactobacillus reuteri in human breast milk. Microb Ecol Health
Dis. 2008;20(3):122-6.
[20] Saavedra JM, Bauman N, Perman J, Yolken R, Oung I. Feeding of Bifidobacterium bifidum and
Streptococcus thermophilus to infants in hospital for prevention of diarrhoea and shedding of rotavirus.
Lancet. 1994;344(8929):1046-9. PMID: 7934445
[21] Huang JS, Bousvaros A, Lee JW, Diaz A, Davidson EJ. Efﬁcacy of probiotic use in acute diarrhea in
children: a meta-analysis. Dig Dis Sci. 2002;47(11):2625-34. PMID: 12452406
[22] Guarino A, Canani RB, Spagnuolo MI, Albano F, Di Benedetto L. Oral bacterial therapy reduces the
duration of symptoms and of viral excretion in children with mild diarrhea. J Pediatr Gastroenterol
Nutr. 1997;25(5):516-9. PMID: 9360205

DOI 10.18502/rmm.v5i4.3065

Page 58

Research in Molecular Medicine (RMM)

Mansoureh Taghizadeh et al

[23] Jiang M, Zhang F, Wan C, Xiong Y, Shah NP, Wei H, et al. Evaluation of probiotic properties of Lactobacillus
plantarum WLPL04 isolated from human breast milk. J Dairy Sci. 2016;99(3):1736-46. PMID: 26805974
[24] Turroni F, Ventura M, Buttó LF, Duranti S, O’Toole PW, Motherway MOC, et al. Molecular dialogue
between the human gut microbiota and the host: a Lactobacillus and Bifidobacterium perspective. Cell
Mol Life Sci. 2014;71(2):183-203. PMID: 23516017
[25] Gotteland M, Cires MJ, Carvallo C, Vega N, Ramirez MA, Morales P, et al. Probiotic screening and safety
evaluation of Lactobacillus strains from plants, artisanal goat cheese, human stools, and breast milk. J
Med Food. 2014;17(4):487-95. PMID: 24433075
[26] De Vries MC, Vaughan EE, Kleerebezem M, de Vos WM. Lactobacillus plantarum—survival, functional
and potential probiotic properties in the human intestinal tract. Int Dairy J. 2006;16(9):1018-28.
[27] West P, Hewitt J, Murphy OM. The inﬂuence of methods of collection and storage on the bacteriology
of human milk. J Appl Bacteriol. 1979;46(2):269-77. PMID: 572360
[28] Makino H, Kushiro A, Ishikawa E, Muylaert D, Kubota H, Sakai T, et al. Transmission of intestinal
Bifidobacterium longum subsp. longum strains from mother to infant determined by multilocus
sequencing typing and ampliﬁed fragment length polymorphism. Appl Environ Microbiol. 2011;
doi:10.1128. PMID: 21821739
[29] Hugenschmidt S, Schwenninger SM, Gnehm N, Lacroix C. Screening of a natural biodiversity of lactic
and propionic acid bacteria for folate and vitamin B12 production in supplemented whey permeate.
Int Dairy J. 2010;20(12):852-7.
[30] Paolillo R, Carratelli CR, Sorrentino S, Mazzola N, Rizzo A. Immunomodulatory effects of Lactobacillus
plantarum on human colon cancer cells. Int Immunopharmacol. 2009;9(11):1265-71. PMID: 19647100
[31] Yen D, Cheung J, Scheerens H, Poulet F, McClanahan T, Mckenzie B, et al. IL-23 is essential for T cellmediated colitis and promotes inﬂammation via IL-17 and IL-6. J Clin Invest. 2006;116(5):1310-6. PMID:
16670770
[32] Naruszewicz M, Johansson ML, Zapolska-Downar D, Bukowska H. Effect of Lactobacillus plantarum
299v on cardiovascular disease risk factors in smokers. Am J Clin Nutr. 2002;76(6):1249-55. PMID:
12450890
[33] Paineau D, Carcano D, Leyer G, Darquy S, Alyanakian MA, Simoneau G, et al. Effects of seven
potential probiotic strains on speciﬁc immune responses in healthy adults: a double-blind, randomized,
controlled trial. FEMS Immunol Med Microbiol. 2008;53(1):107-13. PMID: 18422632
[34] Daniel C, Poiret S, Goudercourt D, Dennin V, Leyer G, Pot B. Selecting lactic acid bacteria for their safety
and functionality by use of a mouse colitis model. Appl Environ Microbiol. 2006;72(9):5799-805. PMID:
16957197
[35] K𝚤l𝚤ç GB, Kuleaşan H, Sömer VF, Akp𝚤nar D. Determining potential probiotic properties of human
originated Lactobacillus plantarum strains. Biotechnol Bioprocess Eng. 2013;18(3):479-85.
[36] Costa GN, Marcelino-Guimarães FC, Vilas-Bôas GT, Matsuo T, Miglioranza LHS. Potential fate
of ingested Lactobacillus plantarum and its occurrence in human feces. Appl Environ Microbiol.
2014;80(3):1013-9. PMID: 24271176
[37] Surono IS, Martono PD, Kameo S, Suradji EW, Koyama H. Effect of probiotic L. plantarum IS-10506 and
zinc supplementation on humoral immune response and zinc status of Indonesian pre-school children.
J Trace Elem Med Biol. 2014;28(4):465-9. PMID: 25183688
[38] Fernández L, Langa S, Martín V, Maldonado A, Jiménez E, Martín R, et al. The human milk microbiota:
origin and potential roles in health and disease. Pharmacol Res. 2013;69(1):1-10. PMID: 22974824
[39] Maldonado J, Cañabate F, Sempere L, Vela F, Sánchez AR, Narbona E, et al. Human milk probiotic
Lactobacillus fermentum CECT5716 reduces the incidence of gastrointestinal and upper respiratory tract
infections in infants. J Pediatr Gastroenterol Nutr. 2012;54(1):55-61. PMID: 21873895
[40] Nasiraii LR, Tabatabaie F, Alaeddini B, Noorbakhsh R, Heravi RM, Afsharian S. Investigation
of lactobacilli from mother’s breast milk who were placed on probiotic diet. Afr J Microbiol.
2011;5(13):1581-5.
[41] Solís G, de Los Reyes-Gavilan C, Fernández 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(3):307-10. PMID: 20176122
[42] Chagnaud P, Machinis K, Coutte LA, Marecat A, Mercenier A. Rapid PCR-based procedure to
identify lactic acid bacteria: application to six common Lactobacillus species. J Microbiol Methods.
2001;44(2):139-48. PMID: 11165343
[43] Song YL, Kato N, Liu CX, Matsumiya Y, Kato H, Watanabe K. Rapid identiﬁcation of 11 human
intestinal Lactobacillus species by multiplex PCR assays using group-and species-speciﬁc primers
derived from the 16S-23S rRNA intergenic spacer region and its ﬂanking 23S rRNA. FEMS Microbiol
Lett. 2000;187(2):167-73. PMID: 10856652

DOI 10.18502/rmm.v5i4.3065

Page 59

Research in Molecular Medicine (RMM)

Mansoureh Taghizadeh et al

[44] Torriani S, Felis GE, Dellaglio F. Differentiation of Lactobacillus plantarum, L. pentosus, and L.
paraplantarum by recA gene sequence analysis and multiplex PCR assay with recA gene-derived
primers. Appl Environ Microbiol. 2001;67(8):3450-4. PMID: 11472918
[45] Ward RE, Niñonuevo M, Mills DA, Lebrilla CB, German JB. In vitro fermentation of breast milk oligosaccharides by Bifidobacterium infantis and Lactobacillus gasseri. Appl Environ Microbiol. 2006;72(6):44979. PMID: 16751577
[46] Kralj S, van Geel-Schutten G, Rahaoui H, Leer R, Faber E, Van Der Maarel M, et al. Molecular
characterization of a novel glucosyltransferase from Lactobacillus reuteri strain 121 synthesizing a
unique, highly branched glucan with α-(1→ 4) and α-(1→ 6) glucosidic bonds. Appl Environ Microbiol.
2002;68(9):4283-91. PMID: 12200277
[47] Van Hijum S, van Geel-Schutten G, Rahaoui H, Van Der Maarel M, Dijkhuizen L. Characterization of
a novel fructosyltransferase from Lactobacillus reuteri that synthesizes high-molecular-weight inulin
and inulin oligosaccharides. Appl Environ Microbiol. 2002;68(9):4390-8. PMID: 12200292
[48] Pridmore RD, Berger B, Desiere F, Vilanova D, Barretto C, Pittet AC, et al. The genome sequence
of the probiotic intestinal bacterium Lactobacillus johnsonii NCC 533. Proc Natl Acad Sci U S A.
2004;101(8):2512-7. PMID: 14983040
[49] Jara S, Sánchez M, Vera R, Cofré J, Castro E. The inhibitory activity of Lactobacillus spp. isolated from
breast milk on gastrointestinal pathogenic bacteria of nosocomial origin. Anaerobe. 2011;17(6):474-7.
PMID: 21846506
[50] Mehanna NS, Tawﬁk NF, Salem MM, Effat BA, Gad El-Rab D. Assessment of potential probiotic bacteria
isolated from breast milk. Middle-East Journal of Scientiﬁc Research (MEJSR). 2013;14(3):354-60.
[51] Martín R, Heilig G, Zoetendal E, Smidt H, Rodríguez J. Diversity of the Lactobacillus group in breast milk
and vagina of healthy women and potential role in the colonization of the infant gut. J Appl Microbiol.
2007;103(6):2638-44. PMID: 18045446
[52] Zivkovic AM, German JB, Lebrilla CB, Mills DA. Human milk glycobiome and its impact on the infant
gastrointestinal microbiota. Proc Natl Acad Sci U S A. 2011;108 Suppl 1:4653-8. PMID: 20679197
[53] Asakuma S, Hatakeyama E, Urashima T, Yoshida E, Katayama T, Yamamoto K, et al. Physiology of
consumption of human milk oligosaccharides by infant gut-associated biﬁdobacteria. J Biol Chem.
2011;286(40):34583-92. PMID: 21832085
[54] Maldonado J, Lara-Villoslada F, Sierra S, Sempere L, Gómez M, Rodriguez JM, et al. Safety and tolerance
of the human milk probiotic strain Lactobacillus salivarius CECT5713 in 6-month-old children. Nutrition.
2010;26(11):1082-7. PMID: 20018483
[55] Gil-Campos M, López MÁ, Rodriguez-Benítez MV, Romero J, Roncero I, Linares MD, et al. Lactobacillus
fermentum CECT 5716 is safe and well tolerated in infants of 1–6 months of age: a randomized
controlled trial. Pharmacol Res. 2012;65(2):231-8. PMID: 22155106
[56] Olivares M, Díaz-Ropero M, Martín R, Rodríguez J, Xaus J. Antimicrobial potential of four Lactobacillus
strains isolated from breast milk. J Appl Microbiol. 2006;101(1):72-9. PMID: 16834593
[57] Ajetunmobi OM, Whyte B, Chalmers J, Tappin DM, Wolfson L, Fleming M, et al. Breastfeeding is
associated with reduced childhood hospitalization: evidence from a Scottish Birth Cohort (1997-2009).
J Pediatr. 2015;166(3):620-5.e4. PMID: 25556021
[58] Arboleya S, Ruas-Madiedo P, Margolles A, Solís G, Salminen S, Clara G, et al. Characterization and in
vitro properties of potentially probiotic Bifidobacterium strains isolated from breast-milk. Int J Food
Microbiol. 2011;149(1):28-36. PMID: 21109322
[59] Jeurink P, Van Bergenhenegouwen J, Jimenez E, Knippels L, Fernandez L, Garssen J, et al. Human milk:
a source of more life than we imagine. Benef Microbes. 2012;4(1):17-30. PMID: 23271066

DOI 10.18502/rmm.v5i4.3065

Page 60

