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ABSTRACT 

Several studies have demonstrated that breast milk is the main source of lactic acid bacteria 

which is a potential probioticwith nutritional and immunological function. Probiotics are the 

live microorganisms which when administrated as food supports human health. The main 

objective in the present investigation is isolation of potential probiotic lactobacillus species 

and identification based on morphological and biochemical characterization.By using 

Polymerase chain reaction (PCR) with primer pair of 16S rRNA based molecular 

characterization specific to Lactobacillus species molecular identification was evaluated. 

Lactobacillus species were subjected to probioticand bio-preservative tests which include 

acid tolerance (pH 2,3,4,5,6,7), bile tolerance (0.3,0.5,1%), phenol (0.2,0.4%) and salt 

resistance (3,6,9,12%). They are also tested for antibiotic, antimicrobial, hydrophobicity and 

auto aggregation abilities. MPS-16, MPS-9, MPS- 18, MPS-27 isolates showed best 

resistance to tetracycline, streptomycin, ampicillin, kanamycin, penicillin, vancomycin, 

ciprofloxacin antibiotics, and these isolates have the most survival ability under 

gastrointestinal conditions. Based on our work we can suggest that bacteria isolated from 

human breast milk islactic acid probiotic strain which can be used for further research and 

product development.    

Keywords: Lactobacillus, Human milk, Potential Probiotic, Molecular Characterization, 

Antagonistic activity. 
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INTRODUCTION 
Probiotics are the live microorganisms which when administrated gives health benefits to the 

host (1) regulates the immune system, balance the healthy gut microbiome, protects from 

harmful pathogens, forbid the diarrhoea and constipation problem and lowers the cholesterol 

level and hypertension (2,3). Now a day's probiotics such as Lactobacillus, Streptococcus, 

Bifidobacterium and strains of yeast are generally used (4, 5) and these bacteria are treated as 

GRAS- Generally Recognised as Safe organisms by FDA (US food and drug administration) 

(6). Survival of bacteria under low pH(acidic condition) and high bile salt tolerance at GIT 
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condition are the main criteria for probiotic to recommend for the host (7,8). Until now the 

probiotic lactic acid bacteria were isolated from milk samples, dairy products, and different 

sources. The present investigation suggests that probiotic bacteria isolated from mother milk 

reduce the growth of the infectious diseases and increase the growth and development of 

body metabolic functions and immune system. (9, 10, 11). 

 

METHODOLOGY: 

Design:  

Human milk samples were collected from 10 healthy women between January 2018 and 

April 2018. Samples were collected from Government hospital and NRI hospital in 

Mangalagiri and oral informed consent was done from each individual. All the procedure was 

performed after affiliation by the Hospital heads and University permissions. 

 

Milk Sampling and Collection:  

Initially before sample collection breast skin was cleaned with Hand EX HC (chlorhexidine 

gluconate 2.0%) and samples were collected three times for each woman (1) 30 min post-

partum (before feeding) (2) 4-8 day post-partum and last (3) 25-30 day's post-partum. Sample 

was obtained from healthy women following the criteria include; type of delivery (vaginal 

delivery or cesarean section), Maternal body index- BMI (underweight, normal or 

overweight), Breast Skin alterations (allergies and dermatitis), drug usage, age complexion 

and number of pregnancies and abortion details (if any). Samples were collected under 

aseptic conditions and stored in the icebox until processing 

 

Isolation and Identification:  

MRS (de Man, Rogosa and Sharpe) agar medium has opted for the isolation of lactic acid 

bacteria. 1ml of human milk sample was added to 9ml of saline solution (0.9%) and 

homogenized using vortex. The sample was serially diluted up to 10
6
 dilutions. 0.1ml of 

serially diluted sample was plated onto the MRS medium. At 37
o
C for 24-48 hours plates 

were incubated. Clear colonies were selected and repeated morphology was shortlisted. 

Selected colonies were subcultured and stored for further use. Subcultured isolates were 

administered to tests of morphological, biochemical and physiological parameters. 

Morphological characterization includes size, shape, color, texture, elevation was noted from 

plates. Bile salt tolerance, acid tolerance, NaCl tolerance, temperature studies were done 

under physiological parameters and catalase, oxidase, urease, nitrogen reductase, 

carbohydrate utilization, MR-VP, citrate utilization tests under biochemical parameters were 

conducted. Finally promising isolate was subjected to molecular characterization.   

 

Biochemical Characterization:  

Four groups of tests were done 

(i) Growth, motility and Gram staining   

(ii)  Indole-Methyl red Voges-Proskauer citrate (IMVIC) test  

(iii)  Respiration test (catalase, oxidase, nitrate, urease) test 

(iv)  Carbohydrate fermentation 

 

Growth, Motility test, and Gram staining:  

Growth and motility of isolates were performed by inoculating on MRS agar plates and 

incubated the plates at different temperatures for 24-48hours. Temperature includes 4
0
C, 

15
0
C, 25

0
C, 37

0
C, 45

0
C, and 50

0
C. And motility of the isolates was observed by the U-tube 

method. In this method, U-tube was substituted with MRS semi-solid agar (0.8%) and our 

isolates were inoculated on one side of the U-tube and kept in an upright position, and 
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incubated at 37
0
C overnight. If our isolates have motility, turbidity was observed on the other 

side of the U-tube. To identify whether gram-positive or gram-negative staining technique 

was performed following Berger's manual for the procedure. 

 

Indole-Methyl red Voges- Proskauer- citrate test:  

This test was performed in four stages with different reagents and dyes. (a) Isolated strains 

were inoculated in tryptone broth and addition of Kovac’s reagent and incubated overnight at 

37
0
C, the cherry-red color was observed in the broth due to indole production. (b) In methyl 

red test glucose phosphate media broth was used, isolates were inoculated to the broth and 

incubated overnight and then methyl red was added to the growing bacteria if the red color 

disappears it indicates a positive result. (c) Isolates were inoculated in glucose phosphate 

media broth and incubated at 37
0
C overnight and next day to the growth bacteria Voges-

Proskauer reagent (40%KOH) and reagent11 (α-naphthol) was added, red color ring in test 

tube indicates the positive result. (d) For Citrate utilization, in Simmons citrate medium 

culture was inoculated and incubated overnight change of color from green to blue color 

resembles positive results.  

 

Respiration test: (Catalase, Nitrate, Oxidase):  

Catalase test was performed by addition of 3% hydrogen peroxide to the loop of isolates on 

the slide, bubble formation after 1 minute indicates positive test. For nitrate test, isolates were 

inoculated in nitrate broth and incubated overnight.After incubation sulfanilic acid and α-

naphthylamine was added.If the colour of medium changes to red it indicates a positive 

result. Oxidase test was performed by rubbing the inoculated isolate on to the sterile filter 

paper strip which was dipped and dried in the fresh tetramethyl-para-phenyl 

diaminodihydrochloride (oxidase reagent).Violet colour indicates the positive result.  

 

Carbohydrate fermentation:  

All the subcultured isolates were inoculated in the nutrient broth of pH7 with 1% 

carbohydrate, 0.1%Andrade’s indicator in Durham’s tubes. 1% of carbohydrate used in 

present wok include, arabinose, cellobiose, dextrose, galactose, lactose, mannitol, maltose, 

melibiose, mannose, ribose, salicin, sorbitol, trehalose, xylose Tubes were incubated at 37
0
C 

at the anaerobic condition for 24hours. After incubation time bubbles appearance in the 

Durham's tube indicates the production of gas and colourless to pink/red indicates 

fermentation.  

 

Survival under GIT conditions: 

Acid tolerance:  

For acid tolerance assay, MRS broth was prepared with different pH varying from 2, 3, 4, 5, 

6, 7 and 8 by using concentrated HCl and 0.1N NaOH. 100µl of the overnight culture was 

inoculated in broth and incubated in anaerobic conditions. At regular intervals of time 0, 

30min, 60min, 90min, 120min, about 100µl isolates were collected.Acid resistance was 

evaluated by using the plate count method on MRS agar (12). 

 

Bile tolerance: 

Bile tolerance of potential isolates that survived for 3hrs in acidic condition was determined 

using MRS broth with 0.3%,0.5% and 1.0% of bile. 100µl of the overnight culture was 

inoculated in broth and incubated in anaerobic conditions. At regular intervals of time 0, 

30min, 60min, 90min, 120min, about 100µl isolates were collected.Bile resistance was 

evaluated by using the plate count method on MRS agar (12). 
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Resistance to 0.4% phenol:  

Phenol tolerance was performed by the addition of 0.4% phenol to MRS broth, isolates were 

inoculated and incubated for 24hours at 37
0
C. After incubation time the ability of bacteria to 

grow in phenol was determined by growth and turbidity of the bacteria (13).  

 

NaCl tolerance:  

100µl of the overnight culture was inoculated in MRS broth which was adjusted with 

different salt concentration i.e. (3%, 6%, 9%, and 10%) and incubated at 37
0
C for 24hours. 

After incubation growth and turbidity were observed under the spectrophotometer at 600nm 

against the blank (14).  

 

Antibiotic assay: 

The resistance or susceptibility of antibiotics to bacteria was performed by disc diffusion 

method. Antibiotics used to study are Ampicillin (10mg), Chromophenicol (30mg), 

Ciproflaxin (10mg), Erythromycin (15mg), Kanamycin (30mg), Penicillin (10 units), 

Streptomycin (10mg), Tetracycline (30mg), and Vancomycin (10mg) (HiMedia, Mumbai, 

India).Protocol was followed according to the guidelines of Clinical and Laboratory Standard 

Institute (CLSI) (15). The overnight culture was swabbed on Muller Hinton media and 

antibiotic discswere placed on the media and plates were incubated at 37
o
C for 24 hours. 

After the incubation period, the zone of inhibition was measured. 

 

Antimicrobial assay:  

One of the important criteria for the selection of probiotics is the antimicrobial activity and 

this assay was performed as per the Agar well diffusion method (16). Escherichia coli, 

Salmonella species, Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus subtilis, 

Serratia marcescens, Proteus vulgaris gram-positive and gram-negative bacteria are used for 

the present study. Actively grown culture was centrifuged at 10,000xg for 20min and 

supernatant was collected and concentrated on a rotary evaporator until one-fifth of the 

original volume later it was filtered through 0.2µm membrane filter. Pathogen culture was 

grown separately on nutrient broth at 37
o
C for 24 hours, was included with sterilized nutrient 

agar (2.5%) at 45
o
C, now poured in a sterile plate and let it to solidify. After solidification, a 

well of 0.5mm was bored in the plate and filled with filtrate of probiotic isolate and plates 

were incubated at 37
o
C for 24 hours. After incubation zone of inhibition was measured.  

 

Molecular characterization:  

Molecular identification was utilized to identify the obtained strains. The total Genomic DNA 

of isolates was extracted using the Genomic DNA purification kit. The primers used for 

amplifying the 16S rRNA sequences are forward 500-AGAGTT TGATCC TGG CTC AG-

300 and reverse 500-CCGTCA ATT CCT TTGAGT TT-3” (17). The fragments were 

amplified in an Eppendorf under the following conditions: 94 _C, 30 cycles of 94 _C for 45 s, 

55 _C for 30 s and finally 72 _C for 10 min. The amplified fragment was screened on an 

agarose gel and sequenced by the Bioport Delhi. Sequences were screened via the BLAST 

program (https:// blast.ncbi.nlm.nih.gov/Blast.cgi). The sequences were deposited into Gene 

Bank. Sequence alignment was performed via ClustalW2 

(http://www.ebi.ac.uk/Tool/mas/clustalw2/) and a phylogenetic tree was constructed via 

neighbor-joining (18) and maximum-composite likelihood methods (19) using Mega 6.0 

software (http://megasoftware.net/). 

 

 

 

http://www.ebi.ac.uk/Tool/mas/clustalw2/
http://megasoftware.net/
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RESULTS: 

Isolation and Identification of Lactobacilli:  

Twenty-seven LAB isolates were isolated from human breast milk, out of which 9 isolates 

showed probiotic features. Based on all the morphological, Biochemical and probiotic 

properties, MPS-16 was found abundantly in MRS agar media supplemented with 1% 

CaCO3 and maintained at 4
o
C for further studies.  MPS-16 was gram-positive, catalase-

negative, rod-shaped, morphologically circular shape, small size, rough surface, moist 

texture, creamy color, flat elevation, entire margin. Biochemically traits include positive for 

urease, oxidase, starch hydrolysis, and indole test, whereas negative for catalase, nitrate 

reduction, methyl red test, Vogues Proskauer test, and citrate utilization. In gas production, 

carbohydrate fermentation except for raffinose all the sugars showed a positive result. Table 1 

clearly shows the result. A phylogenetic tree was constructed using the sequence of MPS-16 

(16SrRNA sequence) and a representative sequence from the databases. Phylogenetic 

analysis utilizing a neighbor-joining dendrogram showed the results that MPS-16 belongs to 

Lactobacillus rhamnosus (Table-1, 2, Figure 1, and 2).  

 

Table:1 Morphological and biochemical characterizations of the probiotic isolate MPS-16. 

Morphological trait Biochemical trait Carbohydrate Utilization 

Form circular Urease test + Gas 

production 

+ Melibiose + 

Size small Catalase - Arabinose + Mannose + 

Surface rough Oxidase + Cellobiose + Raffinose - 

Texture moist Nitrate reduction - Dextrose + Ribose + 

Color creamy Indole + Galactose + Salicin + 

Elevation flat Methyl red test - Lactose + Sorbitol + 

Margin entire Vogues Proskauer test - Mannitol + Trehalose + 

Gram 

staining 

gram +ve cocci Citrate Utilization - Maltose + Xylose + 

 

Figure 1: gDNA       16SrDNA amplicon               Ladderspecification 
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Table2: Sequences producing significant alignments: 

 

 

PHYLOGENETIC TREE: 

 

Survival under GIT conditions of MPS-16: 

Acid Tolerance of MPS-16: When MPS-16 was subjected to acid tolerance assay it was 

found that the ability to survive under gut pH conditions pH-2.0, 3.0, 4.0 and 6.5 (control) 

and resistance or susceptibility was identified by plate count method. Results indicate that 

MPS-16 has high survival capability in pH 2 and pH3 shows resistance to acidic conditions 

(Table 3).  

Bile Tolerance of MPS-16: Results suggest that MPS-16 has resistance to various 

concentrations of bile salts (0.3%, 0.5%, and 1%). However, an increase of bile concentration 

beyond this leads to a decrease in the growth and viability of the culture (Table 3). 

 

NaCl and Phenol tolerance: MPS-16 shows impactful tolerance to both phenol (0.4) and 

NaCl (3, 6, 9, and 12%) after the incubation period. 

Description Max 
Score 

Total 
score 

Query 
cover 

E value identfication Accession 

Lactobacillus rhamnosus strain NBRC 3425 2761 2761 98% 0 100.00% NR_113332.1 

Lactobacillus rhamnosus strain JCM 1136 2745 2745 98% 0 99.67% NR_043408.1 

Lactobacillus zeae strain RIA 482 2699 2699 98% 0 99.07% NR_037122.1 

Lactobacillus casei subsp. casei ATCC 393 2695 2695 99% 0 98.81% NR_041893.1 

Lactobacillus casei strain BCRC10697 2682 2682 100% 0 98.43% NR_115322.1 

Lactobacillus paracasei strain R094 2680 2680 98% 0 98.87% NR_025880.1 

Lactobacillus casei ATCC 393 strain JCM 

1134 

2673 2673 98% 0 98.74% NR_115534.1 

Lactobacillus paracasei strain NBRC 15889 2669 2669 98% 0 98.86% NR_113337.1 

Lactobacillus casei strain NBRC 15883 2665 2665 98% 0 98.80% NR_113333.1 

Lactobacillus paracasei strain NBRC 15906 2656 2656 98% 0 98.73% NR_041054.1 
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Table 3: Probiotic properties, identity, and NCBI accession number isolate MPS-16 

Probiotic properties Identification by 16S rDNA analysis NCBI accession number 

Acid tolerance (pH) 2 Lactobacillus rhamnosus MN559528 

Bile tolerance (%) 0.5   

Phenol tolerance(%) 0.4   

NaCl tolerance(%) 9   

 

Antimicrobial and Antibiotic Assay MPS-16:  
Selected lactobacilli MPS-16 was found resistant to tetracycline, streptomycin, kanamycin, 

chloramphenicol, ciprofloxacin, ampicillin, penicillin, and vancomycin. MPS-16 has also 

showna clear zone of inhibition against human pathogens including Escherichia coli, 

Salmonella species, Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus subtilis, 

Serratia marcescens, Proteus vulgaris. The maximum zone was observed in Serratia, E.coli 

and Pseudomonas (Table-4). 

 

Table-4: Antibiotic resistance pattern and antimicrobial activity of the probiotic isolate MPS-

16. 

Antibiotic assay zone of inhibition (mm) Antimicrobial assay zone of inhibition(mm) 

Ampicillin (10mg) 24 Escherichia coli 18 

Chromophenicol (30mg) 20 Staphylococcus aureus 11 

Ciprofloxacin (10mg) 25 Salmonella species 14 

Erythromycin (15mg) 24 Pseudomonas aeruginosa 16 

Kanamycin (30mg) 17 Bacillus subtilis 17 

Penicillin (10 units) 22 Serratia marcescens 20 

Streptomycin (10mg) 24 Proteus vulgaris 16 

Tetracycline (30mg) 30   

Vancomycin (10mg) 29   

 

DISCUSSION: 

Breast milk is the best source and important for growth, immunologically, metabolome and 

microbiome (20). For infants, it is the most important source of gut microflora as it is the 

only food for newborn babies (21). Research studies suggest that a decrease of lactic acid 

bacteria in the gut is the major problem for the reduction of immunity and metabolic 

disorders in infants, adults and old people (22). For this reason, lactic acid bacteria from 

breast milk are suggested for the maintenance of human health. In our investigation to verify 

this problem we isolated probiotics from breast milk samples and screened for different 

conditions similar to the gut condition.  Up to now many lactic acid bacteria have been 

isolated and identified as probiotic bacteria for the development of human and animal health 

(23). Lactobacillus rhamnosus was identified and concluded that having multiple functions in 

the supporting of human health, such as protection against pathogenic agents, development, 

and modulation of immunity (24). May researchers are isolating new lactic acid bacteria 

strains with high potential capability compared to the previous strains, mainly under gut 

condition survival rate i.e. low pH and high bile tolerance which are most important in GIT ( 

25, 26). 

 

In the present study, we isolated 27 strains from human milk out of which MPS-16 showed 

maximum survival capacity under gut condition, 90% survival rate at low pH and high bile 

salt condition. As per the safety criteria, our isolates showed a maximum zone of inhibition in 

the case of antibiotic resistance streptomycin, ampicillin, gentamicin, kanamycin, penicillin, 
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cephalexin, and ciprofloxacin. These results are similar and consistent with previous results 

which are attained using L.rhamnosus GG species (27, 28). Antimicrobial assay, i.e 

production of antimicrobial compounds is one of the main criteria for the selection of 

probiotic isolate, to inhibit the activity of pathogen and survive under gut condition (29). 

MPS-16showed maximum zone of inhibition against all pathogenic agents and is consistent 

with the previous results concluded by Tulumoglu (30). 

 

CONCLUSION: 

Lactobacillus rhamnosus (Lr) was isolated from mother breast milk and indicated as MPS-

16. Isolate has satisfied all probiotic criteria’s and is a non-pathogenic strain. MPS-16 

showed maximum survival rate under low pH and high bile salt conditions, which is essential 

to survive in GIT conditions. This identified Lactobacillus rhamnosus supports research on 

gut microbes having novel inter-organ communication and immune development in human 

metabolic functions.  
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