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ABSTRACT

Human breast milk microbiota is essential for infant immune system development, maturation and 
protection against infection. However, there is scarce information on the fluid’s microbiological 
composition from Malaysia. The objective of the study was to isolate, identify and characterise commensal 
bacterial population present in human breast milk from Malaysia. One hundred bacteria were isolated 
from the human breast milk of healthy lactating women (n=30). After preliminary screening, 20 isolates 
were characterised using both phenotypic and molecular techniques. The results indicated that most 
frequently identified bacteria in this study were E. faecalis and S. hominis. These organisms alongside E. 
cloacae were all metabolised D-Maltose, Sucrose, D-Turanose, α-D-Glucose, D-Fructose, D-Mannose, 
D-Galactose, D-sorbitol and D-Mannitol and were able to grow at pH 5 and 6, 1% sodium lactate, 1%, 
2% and 8% NaCl. BLAST showed over 99% similarity to those deposited in Genbank. Phylogenetic-
relatedness was depicted using neighbour-joining method and had two clades with 100% bootstrap. These 
findings provided insight into the nature, characteristics and also phylogenetic-relatedness of bacteria 
present in human milk from Malaysia. Isolation and identification of commensal bacteria from human 
milk are considered the first step for future studies on the benefit of these organisms towards human health.
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INTRODUCTION

Human breast milk is a vital postpartum fluid and is considered the most important element 
in metabolic and immunologic programming of the health of neonates (Wagner, 2012). The 
presence of live cells in the fluid has been established across the world but such information 
from Malaysia is missing. Microbial populations in human milk vary with geographical location 
(Dubos et al., 2011; Nasiraii et al., 2011; Nuraida et al., 2012). Thus, the aim of this study was 
to isolate, identify and characterise bacteria present in human milk from Malaysia.

Human milk is an important factor in the initiation, development and of course, the 
composition of the neonatal gut microflora as it is a source of microorganisms to the infant 
gut for several weeks after birth (Martin et al., 2005). Wagner (2012) defined breast milk as 
a bioactive fluid that evolved from colostrum to mature milk. Heikkilä and Saris (2003) and 
Martı́n et al. (2002) estimated the ingestion of about 1 × 105 to 1 × 107commensal bacteria by 
infants consuming approximately 800 mL per day while suckling.

The human body is inhabited by 10 times more bacteria than body cells. Reports evaluating 
the beneficial effects of these bacteria have been shared in past decades (Gregoret et al., 2013). 
Human breast milk is not an exception as it contains numerous live cells. It is considered a 
symbiotic fluid. It is not sterile, as traditionally believed. Human breast milk is a complex fluid 
rich in nutritional and non-nutritional bioactive components (Prentice, 1996). These include 
prebiotic oligosaccharides (Kralj et al., 2002; Pridmore et al., 2004; Nasiraii et al., 2011) in 
addition to the potential probiotic and the biotherapeutic commensal (Holzapfel et al., 1998; 
Martin et al., 2005; Nasiraii et al., 2011). 

Research on commensal bacteria from human milk has just resumed as previously breast 
milk studies focused on pathogens (Heikkila & Saris, 2003). Commensal bacterial strains 
reported from human milk are widely used in the health and industrial sectors as they have 
the ability to inhibit the growth of a wide spectrum of pathogenic bacteria by competitive 
exclusion and/or through the production of antimicrobial compounds, such as bacteriocins, 
organic acids and hydrogen peroxide (Fooks et al., 1999; Reid, 2001; Beasley, 2004; Martín 
et al., 2007). Martin et al. (2005) and Olivares et. al. (2006) suggested that the milk of healthy 
woman may be a source of potentially probiotic or biotherapeutic bacteria and can play a role in 
protecting mothers and/or infants against infectious and clinical diseases. In the present study, 
we characterised the commensal bacterial composition of expressed breast milk in Malaysia 
and determined their evolutionary relationship by sequence and phylogenetic analyses.

MATERIALS AND METHODS

Sample Collection

Expressed breast milk was collected from 30 healthy women aged between 23 and 38 years 
who were breastfeeding children from birth to two years old. They were randomly selected 
from four states and two federal territories in Peninsular Malaysia, namely Selangor, Johor, 
Perak, Negeri Sembilan, Kuala Lumpur and Putrajaya. Consent forms were obtained from 
the respondents. The samples were received as freshly expressed, chilled or iced. All samples 
collected were immediately stored at -20 ºC until further analyses. 
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Bacterial Culture and Isolation

A total of 100 isolates were obtained by plating 100 µL of the milk sample on non-selective MRS 
agar plates after thawing at 4 ºC overnight. The plates were incubated aerobically at 37 ºC for 
48 to 72 h. An MRS medium was used to support growth of nutritionally fastidious microbes 
as previously reported (Heikkila & Saris, 2003). Based on colony morphology, colonies were 
randomly picked from culture plates and purified twice in the same conditions for 18 to 24 
h. The purified strains were stored at -80ºC in growth media containing 20% (v/v) glycerol.

Bacterial Identification and Phenotyping

Isolates were identified and metabolically profiled using Biolog GenIII MicroPlate™ 
microbial identification system (Biolog; Haywood, CA, USA). Pure bacterial isolates were 
suspended in minimal media (Inoculating Fluid A (IF-A); Biolog; Haywood, CA, USA) using 
a sterile cotton swab and adjusted to approximately 90 to 98% transmission using a Biolog 
turbidimeter. From the bacterial suspension, 100µL was inoculated into each well of GenIII 
micro titre plates. The plates were incubated at 33 ºC for 16 to 22 h. Bacteria were speciated 
using algorithms provided by ML5 on the Biolog microstation 2 reader (Microlog 3/5.2.01 
35, Biolog, USA). For all isolates, end-point raw absorbance data from the 96-well GenIII 
identification plates were normalised by subtracting absorbance in the negative control well 
and then exported automatically into a separate programme (Statistica†; Statsoft, Tulsa, OK, 
USA) for data analysis. Isolate metabolic profile was compared to the Biolog identification 
database (Biolog GEN III 2_6_1_08.15G). All isolates identified as microaerophilic based on 
the results obtained using IF-A were double confirmed with group specific fluid - IF-C (Biolog; 
Haywood, CA, USA).

Molecular Identification and Typing of the Isolates

Bacterial genomic DNA was extracted using the Qiagen DNA extraction kit (QIAamp®, Hilden, 
Germany) according to the protocols of Gram positive bacteria from DNeasy Blood and tissue 
culture handbook (2006) with modifications. Prior to the addition of buffer AL, 10µL of RNase 
A/T1 (2mg/mL, Fermentas) was added to the mixture after Proteinase K, vortexed and incubated 
at room temperature for 2 min. The genomic DNA was eluted with 50µL of sterile deionised 
distilled water instead of 200 µL of elution buffer and then stored at -20oC.

The extracted bacterial genomic DNA was visualised using 1% Agarose (TopVision™, 
Thermo scientific, Fermentas) stained with 1µL of Redsafe™ (iNtRoN Biotechnology, Korea) 
at 99V for 30 min. UV illuminator (G-Box, Syngene) with Gene system software (version 
1.4.0.0) was used to view and capture the gel image.

Amplification was carried out using a Bio-Rad Thermocycler (Berkeley, California). The 
reaction mixture (25µL) contained 12.5µL of PCR master mix (DreamTaq Green, Thermo 
scientific, USA), 10.5µL of nuclease free water, 1µL of genomic DNA template and 0.5µL 
of 10mM of forward and reverse primers; 27F (5´-AGAGTTTGATCCTGGCTCAG-3´) and 
WLAB2R (5´-TCGAATTAAACCACATGCTCCA-3´) (Integrated DNA Technologies) as 
previously described by Emerenini et al. (2013) and Lopez et al. (2003). The amplification 
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programme was initial denaturation at 95 ºC for 2 min, followed by 30 cycles of denaturation 
at 95 ºC for 0.5 min, primer annealing at 48.9 ºC for 0.5 min and extension at 72 ºC for 1.5 
min. Final extension was done at 72 ºC for 7 min.

The PCR products were purified using the GelJet PCR purification kit (Thermo-scientific, 
Lithuania) according to the manufacturer’s instructions. The purified PCR amplicon were 
visualised on 1% agarose gel as described previously. The DNA concentrations of the 
purified products were determined using a nanodrop (IMPLEN, Shimadzu) before subjected 
to sequencing.

DNA Sequencing and Sequence Analysis

The purified PCR products of each isolate were sequenced thrice on both strands by ABI 
Prism 3730xl DNA sequencer using ABI PRISM Dye Terminator Cycle Sequencing Ready 
Reaction kit (Perkin Elmer) to get precise consensus sequence. BioEdit™ software version 
7.2 package (Hall, 1999) was used in editing, quality assurance trimming and analysing the 
consensus sequence between the three sets of forward and the reverse complement of the 
reverse sequences. The consensus sequence was then BLAST for highly similar organism 
sequence identity using the “blastn” algorithm from GenBank (http://www.ncbi.nlm.nih.
gov/BLAST/). Isolate identities of 99% and above were considered the identity of the query 
organisms. Sequences of all isolates from each genus were BLAST with a reference sequence 
for comparison. 

Molecular Evolutionary Genetics Analysis, MEGA (Tamura et al., 2007) software version 
6.03 Beta (6131108) was used to construct the tree. The neighbour-joining algorithm was used 
to explore the phylogenetic tree (Saitou & Nei, 1987); the robustness of individual branches 
was estimated using bootstrapping with 1000 replications (Felsenstein, 1985). 

A total of 35 isolates was included in the phylogenetic analysis depicted by neighbour-
joining (Table 1). Twenty of the sequences were obtained from this study while 15 closely 
related available sequences were retrieved online from the GenBank database.

Table1 
16S rDNA Gene of the Strains Used in Sequence and Phylogenetic Analyses

S/N Strain
Accession 
number

Region References

1 Enterococcus faecalis CP008816 1629243-1630110 Minogue et al. (2014)
2 Enterococcus faecalis CP008816 2056343-2057210 Minogue et al. (2014)
3 Staphylococcus lugdunensis FR87027 2424570-2425475 Heilbronner et al. (2011)
4 Staphylococcus lugdunensis FR87027 2476052-2476957 Heilbronner et al. (2011)
5 Staphylococcus lugdunensis CP001837 2447081-2447986 Tse et al. (2010)
6 Staphylococcus lugdunensis CP001837 2505017-2505922 Tse et al. (2010)
7 Staphylococcus hominis FN393804 10-900 Unpublished
8 Staphylococcus hominis EU337115 24-914 Bauer et al. (2009)
9 Staphylococcus hominis FJ768458 15-905 Tothova et al. (2010)
10 Staphylococcus hominis JQ795892 5-895 Unpublished
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11 Staphylococcus hominis KJ147074 14-904 Unpublished
12 Enterobacter cloacae CP008823 3604651-3605545 Unpublished
13 Enterobacter cloacae CP008823 4730135-4731029 Unpublished
14 Enterobacter cloacae CP008823 4390718-4391612 Unpublished
15 Enterobacter cloacae CP008823 4649858-4650752 Unpublished
16 Staphylococcus hominis KM392086 1-890 This study
17 Staphylococcus hominis KM392085 1-890 This study
18 Staphylococcus lugdunensis KM392088 1-905 This study
19 Staphylococcus hominis KM392087 1-890 This study
20 Staphylococcus hominis KM609184 1-890 This study
21 Staphylococcus hominis KM609185 1-890 This study
22 Enterobacter cloacae KM609192 1-894 This study
23 Enterobacter cloacae KM392095 1-894 This study
24 Enterobacter cloacae KM392093 1-894 This study
25 Enterobacter cloacae KM392094 1-894 This study
26 Enterococcus faecalis KM609186 1-867 This study
27 Enterococcus faecalis KM392090 1-867 This study
28 Enterococcus faecalis KM392089 1-867 This study
29 Enterococcus faecalis KM392091 1-867 This study
30 Enterococcus faecalis KM609187 1-867 This study
31 Enterococcus faecalis KM609188 1-867 This study
32 Enterococcus faecalis KM609189 1-867 This study
33 Enterococcus faecalis KM609190 1-867 This study
34 Enterococcus faecalis KM609191 1-867 This study
35 Enterococcus faecalis KM392092 1-867 This study

Confirmatory PCR

After the molecular identification of the isolates, confirmatory PCR was performed using genus 
and/or specie specific primers (Table 2) to the identified isolates to double confirm the success 
and reliability of the bacterial identification.

Bacterial Accession Numbers

All sequences obtained in this study were deposited in the GenBank under the following 
accession numbers: KM392085, KM392086, KM392087, KM392088, KM392089, KM392090, 
KM392091, KM392092, KM392093, KM392094, KM392095, KM609184, KM609185, 
KM609186, KM609187, KM609188, KM609189, KM609190, KM609191 and KM609192.

Table1 (continue) 
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RESULTS AND DISCUSSION

Human milk was traditionally considered 
sterile; however, studies have shown that 
the fluid serves as a continuous supply of 
commensal, mutualistic and/or potentially 
probiot ic  bacteria  to the infant  gut . 
Staphylococci, Streptococci, Lactic acid 
bacteria and Bifidobacteria were reported 
to be the dominant species in human milk 
(Fernández et al., 2013).

Twenty bacterial isolates were identified 
in this study and their metabolic profile 
showed that all of the isolates were able to 
metabolise a wide variety of carbon sources 
and have the ability to survive in many 
environments. For example, D-Maltose, 
Sucrose, D-Turanose, α-D-Glucose and 
D-Fructose were metabolised by all of the 
bacteria identified. They vary in a wide 
range of growth requirements, including also 
the carbon sources they utilise. Most of the 
identified bacteria needed some additional 
growth factors for adequate growth. Pyruvate, 
alanine, arginine, aspartate, glutamate, 
histidine, serine and pectin are some examples 
of essential nutrients required by these 
bacteria, which may not be present in general 
growth media. Therefore, we used an enriched 
media for their growth; otherwise they can 
over-grow in mixed cultures. Probiotic 
characteristics including acid tolerance 
and l-lactate production as seen from the 
isolates were also observed as did Choi et al. 
(2006). Individual requirement differences are 
tabulated in Table 3.

Consistent with earlier studies, this 
study showed the genera Enterococci and 
Staphylococci were the most frequently 
isolated from human breast milk (Caroll 
et al., 1979; Eidelman & Szilagyi, 1979; 
El-Mohandes et al., 1993; Wright & Feeny, 
1998; Heikkila & Saris, 2003). Among the 20 
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Table 3 
Metabolic Profiles of the Bacteria Isolated

Carbon sources
Staphylococcus 
hominis (GP cocci)

Enterococcus faecalis 
(GP cocci)

Enterobacter cloacae 
ssdissolvens (GN ENT)

Dextrin - + +
D-Maltose + + +
D-Trehalose + + +
D-cellobiose - + +
Gentibiose - + +
Sucrose + + +
D-Turanose + + +
D-Stachyose - - +
D-Raffinose - - +
α-D-Lactose - - +
D-Melibiose - - +
β-Methyl-D-Glucosidase - + +
D-salicin - + +
N-Acetyl-D-Glucosamine + - +
N-Acetyl-β-D-
Mannosamine

- + +

N-Acetyl-D-Galactosamine - + +
N-Acetyl Neuraminic Acid + - -
α-D-Glucose + + +
D-Mannose - + +
D-Fructose + + +
D-Galactose - + +
L-Rhamnose - - +
Inosine - + +
D-sorbitol - + +
D-Mannitol - + +
Myo-innositol - - +
Glycerol - + +
D-Glucose-6-PO4 - + +
D-Fructose-6-PO4 - + +
D-Serine - - +
Glycyl-L-Proline - - +
L-Alanine - - +
L-Arginine - - +
L-Aspartic Acid - - +
L-Glutamic Acid - - +
L-Histidine - - +
L-Serine + + +
Pectin + + +
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bacteria isolated, E. faecalis were 10 and Staphylococci, six. The genus Staphylococcus has 
species that are of concern in medical treatment; however, most of the detected Staphylococci 
(S. hominis) are known as residents of the normal bacterial flora in humans (Heikkila & Saris, 
2003).

This present finding supports the view that commensal Staphylococci are part of the 
predominant bacterial species in breast milk (Heikkilä & Saris, 2003). This bacterium may 
have originated from the skin (Dubos et al., 2011), perhaps when it came into contact with 
milk during suckling or pumping. Some bacteria present in the maternal gut could reach the 
mammary gland during late pregnancy and lactation through a mechanism involving gut 
monocytes. Infrared photography has shown that a certain degree of retrograde flow back 
into the mammary ducts can occur during suckling (Fernández et al., 2013). This bacterial 
community may differ depending on the individual and the health status of the lactating women. 
Cabrera-Rubio et al. ( 2012) held the view that breast milk microbiome is by the mammary 
glands because the bacteria isolated during the weeks previous to labour, that is, before any 
kind of contact with the infant, were very similar to the bacterial species isolated from fresh 
milk obtained after childbirth. 

E. faecalis is a common inhabitant of the gastrointestinal tracts of humans and is a highly 
diverse species that includes opportunistic pathogens, commensal, food-derived and probiotic 
strains. However, probiotic strains were genetically similar to those from diary products 

Carbon sources
Staphylococcus 
hominis (GP cocci)

Enterococcus faecalis 
(GP cocci)

Enterobacter cloacae 
ssdissolvens (GN ENT)

D-Galactoronic Acid - - +
L-Galactoronic Acid 
Lactone

- - +

D-Gluconic Acid - - +
D-Glucoronic Acid - + +
Glucoronamide - - +
Mucic Acid - - +
D-Sacchartic Acid - - +
D-Hydroxy-Phenylacetic 
Acid

- - +

Methyl Pyruvate + + +
L-Lactic Acid + - +
Citric Acid - + +
L-Malic Acid - +
Bromo-Succinic Acid - + -
α-Keto-Butytic Acid - + -
ϒ-Amino-Butryric Acid - - -
Acetic acid + - +
Formic Acid - - +

+ = Ability to metabolise  	 - =Unable to metabolise     GP=Gram Positive

Table 3 (continue) 
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(Buhnik-Rosenblau et al., 2013). It is a member of the lactic acid bacteria group and was found 
as the most frequently identified strain in this study (Table 5). Its origin in the milk remains 
unclear. Some reports suggest that these microorganisms and even Bifidobacteria might be 
brought to the lactating breast tissue through the endogenous trafficking of bacteria-loaded 
dendritic cells originated from intestinal mucosa (Dubos et al., 2011). Dendritic cells have 
been described to penetrate the intestinal epithelium to take up commensal bacteria from the 
gut lumen to reach the systemic circulation, and to retain even life bacteria for several days 
(Cabrera-Rubio et al., 2012). However, it has been reported that lactobacilli and enterococcal 
isolates present in human milk are genotypically different from those isolated in the skin, 
within a same bacterial species and a same host (Martín et al., 2003).

A chemical sensitivity assay obtained in this study showed that all of the isolates profiled 
were able to grow in harsh environments such as growth at low acidic conditions (pH 5 and 
6), as well as in a salted environment: that is in the presence of 1% sodium lactate and 1%, 
2% and 8% NaCl. Thus, these characteristics make them potential probiotic microorganisms. 
These characteristics can be compared with probiotics’ ability to resist bile acid and stomach 
conditions. The isolates vary in resistance to common antibiotics. For example, Enterobacter 
cloacae isolates were found to be resistant to Lincomycin, Niaproof 4, Rifamycin SV and 
Vancomycin antibiotics while Staphylococcus hominis and Enterococcus faecalis are sensitive. 
The latter, which were reported to be commensals/probiotic, were found to be sensitive to a 
range of antibiotics; nonetheless they survived in unfavourable physical environments (Table 4).

Table 4 
Chemical Sensitivity Assay of the Isolated Bacteria

Chemicals Staphylococcus hominis 
(GP cocci)

Enterococcus faecalis 
(GP cocci)

Enterobacter cloacae 
ssdissolvens (GN ENT)

pH 6 + + +
pH 5 + - +
1% NaCl + + +
2% NaCl + + +
8% NaCl + + -
1% Sodium lactate + + +
Fusidic Acid - - +
D-Serine + + -
Troleandomycin - - +
Rifamycin SV - - +
Minocycline - - -
Lincomycin - - +
Guanidine HCl - + +
Niaproof 4 - - +
Vancomycin - - +
Tetrazollium violet + + +
Tetrazollium blue - + +
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Chemicals Staphylococcus hominis 
(GP cocci)

Enterococcus faecalis 
(GP cocci)

Enterobacter cloacae 
ssdissolvens (GN ENT)

Nalidixic Acid + + -
Lithium Chloride + + -
Potassium Telluite + + -
Aztreonam + + -
Sodium Butyrate + + -

+ = Resistant                  - = Sensitive

Table 5 
Bacterial Species Recovered from Breast Milk Samples

S/N Sample 
no.

Incubation 
time (days)

Shapes of 
organism

Gram 
reaction

Bacterial species

1 1 2 Cocci +ve
2 2 4
3 2a1 Cocci +ve Enterococcus faecalis  

KM609186    
4 3 4
5 3a1 Rods +ve
6 3a2 Cocci +ve Staphylococcus hominis 

KM609184   
7 3b Cocci +ve Staphylococcus hominis  

KM392086    
8 4 3 Cocci +ve
9 5 4
10 5a1 Cocci +ve Enterococcus faecalis 

KM392090   
11 6 6 No growth
12 7 6 No growth
13 8 3
14 8a2 Cocci +ve Enterococcus faecalis 

KM392089  
15 9 Cocci +ve
16 10 3
17 10a Cocci +ve Staphylococcus hominis 

KM392085   
18 10c Cocci +ve Staphylococcus hominis 

KM609185   
19 11 3 Rods +ve
20 12 4 Cocci +ve
21 13 3 Cocci +ve

Table 4 (continue) 
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S/N Sample 
no.

Incubation 
time (days)

Shapes of 
organism

Gram 
reaction

Bacterial species

22 14 3 Cocci +ve
23 15 3 Cocci +ve
24 16 3 Rods +ve
25 17 4 Cocci +ve
26 18 4
27 18g Cocci +ve Enterococcus faecalis 

KM392091
28 18n Cocci +ve Staphylococcus lugdunensis 

KM392088   
29 19 4
30 19b1 Cocci +ve Enterococcus faecalis 

KM609187   
31 19b2 Cocci +ve Staphylococcus hominis  

KM392087
32 20 4 Cocci +ve
33 21 3 Cocci +ve
34 22 2
35 22l Cocci +ve Enterococcus faecalis 

KM609188    
36 22n Rods -ve Enterobacter cloacae 

KM392094
37 23 3 Cocci +ve
38 24 4
39 24d Rods -ve Enterobacter sp. KM609192    
40 24i Rods -ve Enterobacter sp. KM392095     
41 24m Rods -ve Enterobacter sp. KM392093    
42 25 4
43 25a1 Cocci +ve Enterococcus faecalis 

KM609189   
44 26 5 Cocci +ve
45 27 2
46 27b1 Cocci +ve Enterococcus faecalis 

KM609190
47 28 4
48 29 2
49 29a1 Cocci +ve Enterococcus faecalis 

KM609191   
50 30 3
51 30a2 Cocci +ve Enterococcus faecalis 

KM392092   

Table 5 (continue) 
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Resistance to bile salts, tolerance to gastric acid and low pH conditions are indication 
of survival in the stomach and intestinal digestion indicating probiotic properties (Dunne et 
al., 2001). As reported previously (Nueno-Palop & Narbad, 2011), E. faecalis is one of the 
strains found in this study to possess these characteristics. It was the strain that showed the 
most adherence to human intestinal cells (Nueno-Palop & Narbad, 2011) and adherence is an 
effective property of potential biotherapeutics as it is a prerequisite for colonisation, making 
the organisms a good probiotic.

S. hominis is normally found on human skin and usually as a harmless commensal. It is a 
coagulase-negative member of the bacterial genus Staphylococcus. They are Gram-positive, 
spherical cells in clusters of usually 1-2 mm in diameter. On agar plates, colonies usually have 
wide edges and an elevated centre and are yellow-orange pigmented. As observed during our 
isolation and also reported in previous findings (Abdalla et al., 2013), this study found out 
that S. hominis was able to metabolise glucose, fructose, sucrose, trehalose, turanose, lactose, 
galactose, mannitol and mannose. Its optimal growth conditions were 28 to 40 °C, but good 
growth was still observed at 45 °C, NaCl around 7.5% (Abdalla et al., 2013). S. hominis 
differ phenotypically from other species in the Staphylococcus genus as it produces acid from 
trehalose, low tolerance of NaCl and the carbohydrate reaction pattern.

The issue of antibiotic resistance is of medical concern since most of the genes involved 
are often plasmid or transposon associated, thereby presenting a risk of horizontal gene transfer 
of such genes to pathogens. In line with Nueno-Palop & Narbad (2011), the present findings 
indicated that both E. faecalis and S. hominis were susceptible to common antibiotics, for 
example, vancomycin, Niaproof 4 and rifampicin. However, E. cloacae is of concern due to 
its antibiotic-resistant pattern.

Pathogens such as Staphylococcus aureus and Streptococcus agalactiae, have been reported 
in breast milk (Bingen et al., 1992; Le Thomas et al., 2001; Novak et al., 2000). However, such 
pathogens were regarded as rare contaminants of the breast milk of healthy lactating women 
(Caroll et al., 1979; West et al., 1979; Law et al., 1989; El-Mohandes et al., 1993). In this study, 
the isolation of Enterobacter cloacae from the milk of healthy women can be considered as 
a contamination of breast milk. The presence of maternal dietary fat during pregnancy and 
lactation greatly influences breast milk fatty acid content (Amusquivar et al., 2000; Scopesi 
et al., 2001). Maternal dietary and health conditions (especially in terms of infection) are very 
important to the nature of bacteria in the milk. Berlin et al. (1984) reported the presence of 
dietary caffeine in human milk shortly after its consumption. 

The number of E. cloacae in this study was few, but if the numbers were very high in the 
breast milk it could have caused dissemination of multidrug resistance. This is because the 
isolate was able to resist the presence of common antibiotics such as rifamycin SV, lincomycin, 
vancomycin, troleandomycin, among others while also being able to metabolise a wide range 
of carbon sources, growth at low pH and withstand up to 8% NaCl similar to E. faecalis and 
S. hominis.

Biolog GenIII MicroPlate™ was developed originally for the identification of isolated 
microorganisms based on their substrate utilisation pattern. It is a 96-well microtiter plate 
containing tetrazolium violet with a 71-carbon source utilisation assay and 23 chemical 
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sensitivity assays in addition to positive and negative controls. Three species of bacteria (E. 
faecalis, E. cloacae, S. hominis) were phenotyped using this identification panel.

Human milk is generally accepted as the best source of nutrition for neonates. It contains 
all of the essential nutrients and growth factors that can protect infants from infections. 
Expressed human milk contains commensal bacteria (Heikkilä & Saris, 2003) and has the 
potential to replace fresh milk. In addition to nutritional support, breast milk provides bioactive 
constituents that both directly and indirectly enhance mucosal barrier function and shape 
immune development (Cabrera-Rubio et al., 2012). The species diversity and the importance 
of the normal bacterial flora have received little attention so far (Heikkilä & Saris, 2003). This 
study explored the commensals’ potential probiotic bacterial diversity in expressed human milk 
of healthy lactating women in Peninsular Malaysia. 

Human breast milk is a fluid that serves as a source of microbes and their growth factors. 
It regulates interactions of host-microbe (Cabrera-Rubio et al., 2012). Until the past decade, 
most reports on the bacteria in human milk have focused on pathogenic bacteria (Gregoret et 
al., 2013), probably due to its significance in breast milk for milk banks. However, the milk 
contains beneficial bacteria whose growth is supported by several factors such as lysozyme, 
lactoferrin and oligosaccharides (prebiotics), which is believed to have assisted in preventing 
infections (Cabrera-Rubio et al., 2012).

All genomic DNA gel bands viewed have greater or equal to 20,000 base pairs (bp) when 
compared to the bands of the DNA ladder (Thermo Scientific). PCR amplification using the 
16S rDNA gene universal primer set generated amplicons of around 945bp in size (Figure 1A). 
This is in line with the results of a previous study (Emerenini et al., 2013). BLAST results of 
the sequences obtained in this study showed an identity query coverage percentage of 100% 
and the percentage identity was 99% and 100%.

The Enterococcus faecalis genus- and species-specific primer sets produced fragments 
of around 733bp and 360bp, respectively (Figure 1B), as reported by Deasyt et al. (2000) 
and Jackson et al. (2004). Efforts to get clear and sharper bands for both genus- and species-
specific primers for E. faecalis proved abortive, with PCR programmes annealing at different 
temperatures ranging from 47o C to 62o C. All the isolates yielded the expected band sizes with 
specie-specific primers and so, all were considered E. faecalis. 

The Staphylococci group identified by sequencing and phenotyping produced bands with 
genus-specific primers at an annealing temperature of 49o C. Products of 370 bp were produced 
by confirmatory PCR carried out using the Staphylococci genus primer set (Figure 1C), which 
was in line with that reported by Martineau et al. (2001). 

Three out of four isolates produced bands when the Enterobacter species was amplified 
using the hsp60 gene of Enterobacter cloacae, as reported by Morand et al. (2009) and produced 
approximately 341bp (Figure 1D). However, the one Enterobacter isolate that failed to produce 
a band may be of a different species.

All sequences obtained were grouped by their respective genera and blasted against a 
reference. E. faecalis group was blasted using Enterococcus faecalis ATCC 29212, with the 
complete genome isolated in the USA with Sequence ID: gb|CP008816.1 and Length: 2939973 
base pairs. Our isolates were found to amplify position 1629207 to 1630144 of the reference 
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sequence. Multiple sequence alignment was performed by the ClustalW programme of the 
BioEdit™ software package version 7.2. The sequences were trimmed at position 1629243-
1630110 of the reference sequence so that they all had the same number of bases. Therefore, 
a total of 867 base pairs was used in Enterococcus faecalis multiple sequence alignment (data 
not shown).

Figure 1. PCR amplification of the isolated bacteria from human breast milk.

The Enterobacter group was blasted using Enterobacter cloacae ECNIH2 as the 
reference genome, the complete genome of which was also isolated in the USA with Sequence 
ID: gi|662712225, accession number CP008823 and length of 4852980 base pairs. Our isolates 
were found to amplify position 3604643 to 3605545 of the reference sequence. Multiple 
sequence alignment was performed by the ClustalW programme of the BioEdit™ software 
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package version 7.2. The sequences were trimmed at position 3604651 to 3605545 of the 
reference sequence so that they all had the same number of bases. Therefore, a total of 894 base 
pairs were used in the Enterobacter group for multiple sequence alignment (data not shown).

In the Staphylococcus genus, there were two strains: S. lugdunensis and S. hominis. S. 
lugdunensis was blasted against the complete genome of Staphylococcus lugdunensis N920143 
with the sequence ID: gi|339893212, accession number FR870271 and length of 2595888 base 
pairs. Our isolate matched the reference at position 2424570 to 2425475. All of the sequences 
aligned at position 2424570 to 2425475 of S. lugdunensis (FR870271). The multiple sequence 
alignment included a total of 905 bases (data not shown).

Due to the lack of an available complete genome sequence of Staphylococcus hominis, the 
group was blasted against the Staphylococcus group (taxid: 90964). Our sequences were found 
to match 100% to S. hominis partial 16S ribosomal RNA with accession number KJ147074, 
which was 1511bp in length and had a sequence ID of gi|628823726 at region 4 to 944 base 
pairs. Multiple sequence alignment matched S. hominis (KJ147074) at 14 to 904; that is, a 
total of 890 base pairs were included in the alignments (data not shown).

The phylogenetic tree constructed (Figure 2) had two main clades, each containing an 
isolate relating closely to other isolates in the same genus. However, the Staphylococcus genus 
was divided into two distant clades. Each clade had a high bootstrap value (>80%). One of 
the clades contained S. hominis and S. lugdunensis from our isolates and the S. lugdunensis 
reference sequences, while the other clade contained our S. hominis sequence together with 
its reference sequence. The variations were also observed in the multiple sequence alignment 
results.

Phylogenetic analysis is a modern way of testing hypotheses about a descent of species 
from a common ancestor (Persing et al., 2011). Sequences that have related genomes are easily 
influenced to detailed reconstruction of the genome evolution (Makarova & Koonin, 2007). 
Phylogenetic tree construction works on principles proposed by Charles Darwin that all living 
organisms descended from a common ancestor and that struggles for existence make offspring 
dissimilar from their parents. Based on this, organisms can be classified in taxonomic hierarchy 
(Persing et al., 2011).

Rooted phylogenetic trees often allow prediction of descendent. A total of 890bp were 
analysed in Figure 2, with each genus assigned. The taxonomic assignment of the sequences 
showed that the composition of human breast milk is dominated by cocci. Every genus was 
grouped with its members from the same root. However, Staphylococcus genus was split into 
two distant clades with about 80% bootstrap. The clade that consisted of S. hominis alone 
was bootstrapped 100% whereas the other comprising both S. hominis and S. lugdunensi had 
64% bootstrap value. This implies that although both are of the same genus and/or species, 
they have differences in their molecular characteristics that lead to their possible evolutional 
variation. These differences were reported in their phenotypic characteristics as well (Abdalla 
et al., 2013). The clade containing the two Staphylococci species together with Enterococci 
and Enterobacter appeared to have evolved earlier than the other clade because it has a shorter 
length to their common ancestor.

Lack of deposition of sequences of bacteria isolated from human breast milk to GenBank 
or other online databases limited the phylogenetic comparison of our isolates to those found in 
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human breast milk from other countries and regions of the world. Based on the results obtained 
as discussed herein, E. faecalis and S. hominis are the most frequently isolated species from 
the human milk.

Phylogenetic tree showing the relative positions of identified isolates from human breast milk 
as inferred by the neighbour-joining method of partial 16SrDNA sequences. Bootstrap values 
for a total of 1000 replicates are shown at the nodes of the tree. References of the type strains 
used for comparison are given, as well as the accession numbers for all 16S rDNA sequences. 
Sequence divergence was at 0.2 scales.

Figure 2. Phylogenetic tree of 16S rDNA gene of bacteria isolated.
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CONCLUSION

Three bacterial genera were successfully isolated and characterised from human breast milk 
using both phenotypic and molecular techniques. Based on the phenotypic characterisation, 
these isolates were found to metabolise a wide range of carbohydrates such as D-Maltose, 
Sucrose, D-Turanose, α-D-Glucose, D-Fructose, D-Mannose, D-Galactose, D-sorbitol and 
D-Mannitol. All the isolates were able to grow in acidic pH (5 and 6), 1% sodium lactate, 1%, 
2% and 8% NaCl. The isolates’ identities were further confirmed by molecular techniques, 
sequence and phylogenetic analyses. The knowledge of human milk commensal bacteria is 
limited especially in Malaysia. This study explored such commensal bacteria in expressed 
human milk of healthy lactating women. Isolation and identification of these bacteria from 
human milk served as the basis for further studies on benefit of these organisms towards human 
health such as in the area of biotherapeutics.
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