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Abstract: Probiotics are a group of microbes that may help directly in enhancing resistance against human
intestinal pathogens and in the prevention of gastrointestinal disorders. This study aimed to isolate
Lactobacillus spp. from various raw goat milk samples for their probiotic properties. A total of 16 isolates were
primarily screened from the collected goat milk samples. Only 3 isolates were found to exhibit remarkable
inhibitory activity against multiple pathogenic bacteria. These probiotic strains were analyzed to elucidate their
cultural, morphological and biochemical features, and were identified as Lactobacillus bulgaricus,
Lactobacillus casei subsp. casei, and Lactobacillus helveticus. The strains were found to exhibit the maximum
growth at pH 7 and 37°C temperature for 18 hours of incubation. In addition, they were found to produce
antimicrobial metabolites that are inhibitory to pathogens, able to tolerate bile salt at concentration upto 3%,
but their inhibitory activity was hampered with trypsin treatment at concentration of 0.5 mg/ml. The strains
were found susceptible to erythromycin, chloramphenicol, gentamicin and ciprofloxacin, but resistant against
penicillin-G, ampicillin and amoxicillin. The present study thus elucidates that goat milk naturally inhabits
Lactobacillus spp. which can be potential candidates in treatment of various infectious diseases in human
mainly related with gastrointestinal system.
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I.  Introduction

Lactic acid bacteria (LAB) occur naturally as indigenous microflora in raw milk. Goat milk is the
second variety of milk mostly produced in the world, and it could be an alternative to substitute the consumption
of cow milk due to evidence that it does not induce allergies, present high digestibility, and also possess high
nutritional quality [1].

Study on lactic acid bacteria specially Lactobacillus spp. are drawing interests significantly in
worldwide due to its applied beneficiary effects in the prevention, control and treatment of diseases and health
maintenance [2]. Now, Lactobacillus spp. are widely used as probiotics which play a key role in enhancing
resistance to colonization by exogenous, potentially, pathogenic organisms in the intestinal tract. They produce a
variety of substances e.g., bacteriocin, nisin, lacticin etc. that are effective against different types of enteric
pathogens like E. coli, Salmonella spp., Shigella spp., Vibrio spp., Bacillus spp., Klebsiella spp., Staphylococcus
spp., Pseudomonas spp., Proteus spp. etc. These effects can be described as the improvement of lactose
digestion and the treatment of diarrheal disorders [3]. Moreover, Lactobacillus spp. are considered as alternative
to antibiotics due to emergence of antibiotic resistance pathogens [4].

Raw milk represents a source of new strains of LAB with the potential to inhibit undesirable microflora
[5]. Our present study was designed to characterize some Lactobacillus spp. from various goat milk samples
collected from different regions of Chittagong district to investigate their optimum growth conditions, and some
probiotic properties like sensitivity to antibiotics, antagonistic activity to pathogenic bacteria, bile salt tolerance,
and sensitivity to proteolytic enzymes. Lactobacillus strains having probiotic properties are effective to treat
various gastrointestinal disorders in human. So, the outcome of this study may reveal the quality of local goat
milk of Chittagong district for inhabiting potential probiotic Lactobacillus strains.

Il.  Materials And Method
2.1 Sample
Three raw goat milk samples were collected from three different rural areas mainly Raozan, Rangunia
and Hathazari of Chittagong district. Milk samples were collected aseptically in sterile glass bottles, and packed
in sterile polythene bags. After packing, the milk samples were carried to microbiology laboratory, university of
Chittagong within four hours, via sampling carrier with maintaining the temperature at 4°C.
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2.2 lsolation of Lactobacillus spp.

Colonies were grown on nutrient agar (NA) medium, and colonial growths with different cultural
appearances were streaked on individual de-Mann, Rogosa and Sharpe (MRS) agar plates. MRS agar media is a
selective media for isolation of Lactobacillus spp. [6]. After incubating the plates at 37 °C, well isolated
colonies were purified by repeated plating. Pure culture of obtained Lactobacillus spp. were maintained in MRS
agar slant for subsequent analysis.

2.3 Detection of antagonistic activity of the isolated Lactobacillus spp.

Some commonly encountered pathogenic bacteria were considered to demonstrate the antagonistic
activity of isolated Lactobacillus spp. The pathogens include: Gram positive bacteria- Bacillus cereus, Bacillus
subtilis, Staphylococcus aureus and, Gram negative bacteria- Escherichia coli, Shigella dysenteriae, Salmonella
typhimurium, Vibrio cholerae, Pseudomonas aeruginosa. The pathogens were obtained from freeze-dried stock
culture collection of Department of Microbiology, University of Chittagong. The antagonism among pathogens
and the isolated Lactobacillus spp. were detected by cross streak method [7]. Briefly, each pure isolated
Lactobacillus culture was streaked individually on different NA plates in a single line. The plates were then
incubated at 37 °C for 3 days to allow the isolates to secrete antimetabolite(s) into the medium. After the
incubation period, the pathogens were diluted and were cross-streaked along the line of fully grown isolates.
Each streaking was started near the edge of the plates and streaked toward the growth line of the Lactobacillus
spp. The plates were then incubated for 24 hours at 37°C. The ability of any isolated Lactobacillus to inhibit
growth of the pathogens as indicated by a zone of inhibition along its growth line. The Lactobacillus spp.
showing growth inhibition against at least two pathogens were considered as potential antagonistic and further
characterized; while the isolated Lactobacillus spp. failed to show antagonism against at least two test pathogens
were excluded from further characterization in our study.

2.4 ldentification of isolated Lactobacillus spp.

The selected isolates were examined for their morphological properties, such as size, shape, cell
arrangement and staining properties. Cultural properties including form, colour, elevation, margin, surface of
colonies on MRS agar plate and slant were also recorded. Physiological and biochemical characteristics of the
isolates were evaluated by Voges—proskauer, methyl red, indole, catalase, oxidase, urease, citrate utilization,
nitrate reduction, gelatin liquefaction and H,S production tests. The ability of the isolates in fermenting a
number of sugars including glucose, xylose, arabinose, lactose, inulin, glycerol, starch, and manitol were also
performed. The isolates were identified up to species based on comparative analysis of the observed
characteristics with the standard description of bacterial strains in Bergey’s Manual of Determinative
Bacteriology [8].

2.5 Optimization of growth parameters

Optimum temperature, pH and incubation period were determined. Optimum growth temperature was
determined by growing the selected isolates in MRS broth and incubating at different temperatures (10, 27, 37
and 45°C). MRS broth of different pH (pH 2, 3, 5, 7 and 9) were inoculated and incubated to determine the
optimum pH. The selected isolates were incubated for different duration (18, 24, 48, 72, 96 and 120 hours) to
determine the optimum incubation period. The optimum parameters for highest growth of the identified
Lactobacillus spp. were determined by measuring and comparing the optical density (OD) at 600 nm (ODyggp).

2.6 Assay of antibacterial activity by agar well diffusion method

Antimicrobial activity of Lactobacillus strain is mainly due to secretion of bacteriocin and other
antimicrobial metabolites. To qualify screening procedure, antimicrobial activity test was retested by agar well
diffusion method. The isolates were incubated on MRS broth at 37 °C for 24 hours. After incubation the culture
broth were filtered with the help of whatman filter paper (Whatman International Ltd., Maidstone, England), and
the culture filtrate was assayed against all the pathogenic bacteria. Antibacterial activity of the Lactobacillus
strain was determined by measuring the “zone of inhibition” expressed in millimeter (mm) in diameter.

2.7 Bile salt tolerance of the isolates

10 ml MRS broth was prepared with varied concentration (i.e.; 0.1, 0.5, 1.0, 2.0 and 3.0% [w/v]) of bile
salt. After inoculation with 0.5ml inoculums of each selected Lactobacillus spp., the tubes were then incubated
at 37°C for 24 hours. After incubation, 0.1 ml of culture from each tube was pour plated on NA media and
incubated at optimized growth conditions. The degree of tolerance was evaluated by comparing the number of
colony forming unit (cfu) produced on the plates [9].
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2.8 Assay of antibiotic sensitivity pattern

To assess the antibiotic sensitivity pattern, disk diffusion method was followed. Culture inoculums of
the isolates grown in MRS broth was taken as amount of 0-5 ml, and was mixed in 5 ml of the same medium
containing 0-5% agar, and aseptically poured into glass Petri dishes containing MRS agar medium. The
antibiotic disks (Penicillin G, Ampicillin, Amoxicillin, Ciprofloxacin, Gentamicin, Chloramphenicol, and
Erythromycin; manufacturer-oxoid) were placed on the surface of the plate at equidistance. The plates were then
kept at 4°C for 1 hour for proper diffusion of antibiotics. The plates were incubated at 37 °C for 24 hours. The
antibiotic sensitivity or resistance was determined by observing the presence of zone of inhibition. The zone of
inhibition was measured by a millimeter scale [10] [11].

2.9 Sensitivity to proteolytic enzymes

The isolated Lactobacillus spp. were grown in MRS broth, incubated at optimized conditions and
centrifuged to collect cell free supernatants. The supernatants were treated with trypsin (0.5 mg/mL) for 1 hour
at 30 °C, respectively. The treated supernatants were heated at 100 °C for 20 minutes. The resultant supernatants
were used for assessment of antimicrobial activity as described by Nowroozi et al [12].

I1l.  Results

3.1 Isolation of antagonistic organisms

It was a primary screening of isolating a few potential Lactobacillus spp. from large number of
unidentified Lactobacillus isolates. Bacterial colonies from NA medium and, repeated streaking them on MRS
agar plates; 16 heterotrophic bacterial isolates were isolated. The isolates were tested for antagonistic activity
against selected test pathogens and the isolate which inhibit at least two pathogenic bacterial growth were
considered as potential. On the basis of better growth inhibition of test pathogens by the isolates, three isolates
coded as Rga, Righ, Ry,a from sixteen isolates (Ry, Ry, Rs, R4, Rs, Rg, R7, Rga, Rgh, RgC, Rg, Ripa, R1gb, Ri1, Rya,
R1,b) were selected for subsequent studies.

3.2 Identification of Lactobacillus spp.

The three selected potential isolates grown on MRS agar plates were investigated for their
morphological, cultural, physiological, and biochemical features. After scrutinizing the properties with that
described in Bergey’s Manual, and the isolates Rga, Riob, Ri,a were identified as Lactobacillus bulgaricus,
Lactobacillus casei subsp. casei and Lactobacillus helveticus respectively.

3.3 Optimum Growth parameters for the selected Lactobacillus spp.

To investigate optimum growth parameters of the selected isolates, they were incubated at different pH
of the media, at different incubation temperature for different incubation period. The growth of the selected
isolates at different pH of the medium (pH 2, 3, 5, 7, 9) were observed. The three isolates were observed best
growth at neutral pH (Fig. 1). Decreasing of pH or increasing of pH from neutral value is less growth yielding of
the isolates. Similarly, it was also found that the isolates showed best growth at temperature 37°C (Fig. 2) and at
incubation period of 18 hours (Fig. 3).

3.4 Assay of antibacterial activity by agar well diffusion method

Culture filtration excludes cell debris and extraneous materials. So, after filtration the culture filtrate
contains only a mixture bacteriocin and other antimicrobial metabolites. The zone of inhibition produced (Table-
1) by the isolates against target pathogens indicates it’s potentiality of antimicrobial properties. Identified Isolate
Lactobacillus bulgaricus showed inhibitory properties against Bacillus subtilis and Pseudomonas aeruginosa,
Lactobacillus casei subsp. casei against Bacillus cereus, Staphylococcus aureus, Vibrio cholerae, and
Lactobacillus helveticus against Bacillus subtilis and Bacillus cereus. These isolates were tested against all the
selected pathogenic bacteria but the outcome was similar to the result obtained during antagonistic assessment
for each isolates by cross streak method.

3.5 Bile salt tolerance of the isolates

Probiotic organisms have to tolerate bile salt concentration in the intestinal tract or stomach for their
survival. The three isolates were assayed for their sensitivity to bile salt concentration (i.e.; 0.1, 0.5, 1.0, 2.0 and
3.0% [wi/v]). It was observed that growth of the selected isolates decreases with the increasing of bile salt
concentration in the medium and our study shows that the isolates can tolerate bile salt having concentration
upto 3% (Fig. 4).
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3.6 Assay of antibiotic sensitivity pattern

Knowing the isolates either susceptible or resistant to antibiotics is important because therapeutic
activity of the isolates may be influenced when a combination is occurred with antibiotics. The result showed
that all the three isolates were susceptible to erythromycin, chloramphenicol, gentamicin and ciprofloxacin but
resistant to penicillin-G, ampicillin and amoxicillin (Table- 1).

3.7 Sensitivity to proteolytic enzymes

Sometimes proteolytic enzyme may inactivate the proteinaceous antimicrobial substances. To observe
the influence of proteolytic enzymes on bacteriocin and other antimicrobial metabolites, the culture supernatant
was treated with a proteolytic enzyme trypsin. The Table-1 showed that the antibacterial activity of bacteriocin
and other antimicrobial metabolites were destroyed by trypsin treatment (0.5 mg/ml), as the respective
pathogenic bacteria showed resistance against the isolates.
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Fig. 1: Lactobacillus bulgaricus (R8a), Lactobacillus casei subsp. casei (R10b), and Lactobacillus helveticus
(R12a) were grown at different pH (2, 3, 5, 7, and 9) in MRS broth medium for 24 hours. The optimum pH for
highest growth of the identified Lactobacillus spp. was determined measuring and comparing the optical density
(OD) at 600 nm. OD was measured by using Spectrophotometer T60 UV-Visible Spectrophotometer (PG
INSTRUMENTS, UK). The data is representative of three independent experiments.
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Fig. 2: Lactobacillus bulgaricus (R8a), Lactobacillus casei subsp. casei (R10b), and Lactobacillus helveticus
(R12a) were grown in MRS broth medium for different incubation temperatures i.e, 10 °C, 27 °C, 37 °C, 45 °C.
The optimum temperature for highest growth of the identified Lactobacillus spp. was determined measuring and
comparing the optical density (OD) at 600 nm. OD was measured by using Spectrophotometer T60 UV-Visible

Spectrophotometer (PG INSTRUMENTS, UK). The data is representative of three independent experiments.
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Fig. 3: Lactobacillus bulgaricus (R8a), Lactobacillus casei subsp. casei (R10b), and Lactobacillus helveticus
(R12a) were grown in MRS broth medium for different incubation periods i.e, 18h, 24h, 48h, 72h, 96h, 120h .
The optimum incubation period for highest growth of the identified Lactobacillus spp. was determined
measuring and comparing the optical density (OD) at 600 nm. OD was measured by using Spectrophotometer
T60 UV-Visible Spectrophotometer (PG INSTRUMENTS, UK). The data is representative of three independent
experiments.
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Fig. 4: Lactobacillus bulgaricus (R8a), Lactobacillus casei subsp. casei (R10b), and Lactobacillus helveticus
(R12a) were grown in MRS broth medium containing different concentrations of bile salt i.e., 0.5%, 1.0%,
1.5%, 2.0%, 3.0% for 18 h at 37 °C. After incubation, pour plate method was used to assess sensitivity of the

isolates to bile salt tolerance. The data is representative of three independent experiments.

Table-1: Antibiotic sensitivity pattern, inhibition activity of the isolates, and assessment of trypsin effects
on inhibitory activity of the isolates

Sensitivity to different antibiotics Pathogenic Zone of inhibition Inhibitory activity
bacteria due to secretion of ofbacterfocin and
N other antimicrobial
e = = bacteriociniand metabolites of the
S = E-] i s < . N L
Isolates Q; é‘ B % E -8 5 other antimicrobial | isolates agmn“ )
= = E = ; E é metabolites by the pathogenic bacteria
=2 3 = g E = = 150kt — after treatment with
& - = E - 3 3 Isofates agains trypsin (0.5 mg/ml)
= = pathogenic bateria
<
Lactobacillus Bacillus subtilis 18.5 mm -
bulgaricus - - 32 mm 21 mm - 1Z2mm | 30 mm
h Pseudomonas
. 17.5 mm =
aeruginosa
Bacillus cereus 19 mm -
Lactobacillus
casei subsp - - 34.5 mm - 16 mm | 33 mm | Sraphylococcus
17 mm -
casei 15 mm aureus
Vibrio cholerae 17 mm -
Lactobacillus Bacillus cereus 18 mm -
helveticus - - 35 mm 25 mm - 14 mm | 26 mm
= Bacillus subtilis. 21 mm -

Note: “mm”

indicates the measurement of zone of inhibition by the isolates against the pathogenic bacteria,
resistance to the isolates or incapability to inhibit the pathogenic bacteria by the isolates.
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IV.  Discussion

The study was designed to identify some lactic acid bacteria (LAB) especially Lactobacillus spp. from
goat milk samples collecting from different rural areas of Chittagong, Bangladesh. Lactic acid bacteria has
beneficial effects on human gastrointestinal tract like correction of lactose malabsorption, alleviation of viral
and drug induced diarrhea, inflammatory bowel syndrome, absorption of fatty acids through intestine etc. LAB
produce these beneficial effects by restoration of normal intestinal flora, elimination of intestinal pathogens,
reinforcement of intestinal barrier capacity to foreign antigens, stimulation of nonspecific immunity such as
phagocytosis, stimulation of humoral immunity and production of anti-inflammatory products [13].

MRS agar media is used for cultivation of Lactobacillus spp [14]. So, after growing the isolates on
MRS agar media they were assayed for antagonistic properties in NA medium. Three isolates were selected for
further research from the antagonistic result of the isolates against minimum two pathogenic bacteria. The
Lactobacillus spp can produce acetate, ethanol, carbon di-oxide (CO,), hydrogen peroxide, di-acetyl and
bacteriocins which have inhibitory effects towards other bacteria especially against pathogen bacteria like E.
coli , Pseudomonas aeruginosa [15].

Growth conditions influence on the growth of the bacteria. Our study was to identify optimum growth
parameters for Lactobacillus bulgaricus, Lactobacillus casei subsp. casei and Lactobacillus helveticus because
bacteriocin production from Lactobacillus spp. is also dependent on incubation parameters [16] [17].
Lactobacillus salivarius can show highest cell growth at pH 6.5 of MRS broth medium and at 37°C incubation
temperature [18]. Lactobacillus spp. can grow after treatment of their growing media with 2% or 3%
concentration of bile salt [10] [19]. In our experiment we found that our isolated Lactobacillus spp. are able to
grow at 3% bile salt concentration treated medium. Resistance to bile salt toxicity is one of the criteria used to
select probiotic strains that would potentially be capable of performing effectively in human gastrointestinal
tract [20]. Colonization in gastrointestinal tract is an important criterion for LAB and ability to adhere to the
intestinal epithelium is regarded as a prerequisite to colonize the human gastrointestinal tract (GIT) for exerting
beneficial effects like exclusion of enteropathogenic bacteria [21].

LAB are generally susceptible to antibiotics due to inhibition in their protein synthesis [21]. Resistance
to antibiotics indicates that the isolated Lactobacillus spp. if introduced in patients treated with antibiotic
therapy may be helpful in controlling intestinal disorders. On the other hand, sensitivity indicates that patients
taking these antibiotics will not be appropriate for probiotic treatment. So, our isolated strain will not be used
along with the erythromycin, chloramphenicol, gentamicin and ciprofloxacin.

Bacteriocin and other antimicrobial metabolites produced from Lactobacillus spp. are inhibitory to
various pathogenic bacteria like Bacillus subtilis, Bacillus Megaterium, Stapylococcus aureus, E. Coli etc. [22]
[23]. Our present study showed that bacteriocin or bacteriocin like metabolites secreted from the Lactobacillus
bulgaricus, Lactobacillus casei subsp casei and Lactobacillus helveticus are also inhibitory against the selected
pathogens. Bacteriocin forms the pores in the membrane of sensitive cells and depletes the transmembrane
potential and /or the pH gradient resulting in the leakage of cellular materials [24]. Human gastro-intestinal tract
can be considered as enzymatic system. Trypsin is secreted from pancrease which is also called an endo-enzyme
hydrolyses the internal peptide bounds of the outer layers of bacterial cells [25]. So, trypsin can inhibit activity
of isolated Lactobacillus spp. in gastrointestinal tract. In our study, trypsin concentration of 0.50 mg/ml affects
on selected Lactobacillus spp. because the isolates treated with that concentration inhibited antagonistic
properties (Table- 1) against selected pathogenic bacteria. A similar study was also observed from Nowroozi et
al [12].

V.  Conclusion
Goat milk is an alternative choice of cow milk, and people in the rural areas are used to goat farming or
cow farming. As our study suggests that goat milk is a proper source of potential probiotic properties containing
lactobacillus spp., so the people can choose goat milk considering not only the nutritious quality but also it’s
preventive efficiency to various disease caused by enteropathogenic bacteria.

References

[1]. L. M. Perin, L. A. Nero, Antagonistic lactic acid bacteria isolated from goat milk and identification of a novel nisin variant
Lactococcus lactis, BMC Microbiol, 14, 2014, 36.

[2]. A. A. Osuntoki, O. R. Ejide, E. A. Omonigbehin, Antagonistic effects on Enteropathogenic and plasmid analysis of Lactobacilli
isolated from fermented Dairy products, Biotechnol, 7(2), 2008, 311-316.

[3]. S. A. Abdullah, M. M. Osman, Isolation and Identification of Lactic Acid Bacteria from Raw Cow Milk, White Cheese and Rob in
Sudan. Pakistan Journal of Nutrition, 9 (12), 2010, 1203-1206.

[4]. D. H. Tambekar, S. A. Bhutada, An evaluation of probiotic potential of Lactobacillus sp. from milk of domestic animals and
commercial available probiotic preparations in prevention of enteric bacterial infections. Recent Research in Science and
Technology, 2(10), 2010, 82-88.

DOI: 10.9790/3008-10420915 www.iosrjournals.org 14 | Page



Assessment of Potential Probiotic Lactobacillus Strains Isolated...

[5].
[6].
[71.
[8].
[9].

[10].

[11].
[12].
[13].
[14].
[15].
[16].
[17].
[18].
[19].
[20].
[21].

[22].

[23].

[24].

[25].

E. Rodriguez, B. Gonzalez, P. Gaya, M. Nunez, M. Medina, Diversity of bacteriocins produced by lactic acid bacteria isolated from
raw milk. International Dairy Journal, 10, 2000, 7-15.

L. Tserovska, S. Stefanova, T. Yardanova, Isolation of lactic acid bacteria isolated from katyk, goats milk and cheese. Journal of
Culture Collections, 3(1), 2002, 48-52.

M. A. Rahman, M. Z. Islam, M. A. U. Islam, Antibacterial Activities of Actinomycete Isolates Collected from Soils of Rajshahi,
Bangladesh, Biotechnology Research International, 2011 (2011), 2011, 6.

R. E. Buchanon, N. E. Gibson, Bergey’s Manual of Determinative Bacteriology, 8" ED (Williams and Wilkins Co., Baltimore,
1974.)

M. Ashraf, M. Arshad, M. Siddique, G. Muhammad, H. A Khan, In Vitro Screening of Locally Isolated Lactobacillus species for
Probiotic Properties, Pakistan Vet. J. 29(4), 2009, 186-190.

D. H. Tambekar, S. A. Bhutada, An evaluation of probiotic potential of Lactobacillus sp. from milk of domestic animals and
commercial available probiotic preparations in prevention of enteric bacterial infections, Recent Research in Science and
Technology, 2(10), 2010, 82-88.

P. M. Halami, A. Chandrashekar, R. Joseph, Characterization of bacteriocinogenic strains of lactic acid bacteria in fowl and fish
intestines and mushroom, Food Biotechnol, 13(2), 1999, 121-136.

J. Nowroozi, M. Mirzaii, M. Norouzi, Study of Lactobacillus as probiotic bacteria, Iranian Journal of Public Health, 33(2), 2004, 1-
7.

M. I. Masood, M. I. Qadir, J. H. Shirazi, I. U. Khan, Beneficial effects of lactic acid bacteria on human beings, Critical Reviews in
Microbiology, 37(1), 2011, 91-98.

S. | .A. EI-Moez, W. M. Ahmed, J. A. El-Jakee, F. R. El-Seedy, Observations on Lactobacillus spp. In the Genital Tract of Buffalo-
Cows with Emphasis on its In Vitro Probiotic Activity, Global Veterinaria, 2, 2008, 15-21.

R. Shanthya, S. Saranya, H. Shenpagam, Antagonistic Effects of Lactobacilli on Gram-Negative Bacteria, J. Adv. Lab. Res. Bio.,
11(11), 2011.

T. V. Soumya, R. John, S. Jose, Characterization of Bacteriocin Produced by Lactobacillus sp and Optimization of Cultural
Conditions, International Journal of Scientific and Research Publications, 2(12), 2012.

S. Vasudevan, M. P. Arulmoorthy, V. Ashokprabu, Isolation, Identification and Characterization of Bacteriocin from Lactobacillus
lactis, BMR Microbiology, 1(1), 2014, 1-18.

M. S. J. Tomas, E. Bru, B. Wiese, A. A. P. dR. Holgado, M. E. Nader-Macias, Influence of pH, temperature and culture media on
the growth and bacteriocin production by vaginal Lactobacillus salivarius CRL 1328, Journal of Applied Microbiology, 93, 2002,
714-724.

N. Z. Othman, Y. S. Chan, R. A. Malek, S. Ramli, N.S. Ismail, M. R. Sarmidi, R. Aziz, H. A. El Enshasy, Bioprocess Optimization
for Cell Mass Production and Functional Characterization of Lactobacillus plantarum, Food and Bioprocess Engineering Poster
Session (AIChE Annual Meeting, 2012), 2012.

M. Begley, C. G. M. Gahan, C. Hill, The interaction between bacteria and bile, FEMS Microbiology Reviews, 29, 2004, 625-651.
N. Jamaly, A. Benjouad, M. Bouksaim, Probiotic Potential of Lactobacillus strains Isolated from Known Popular Traditional
Moroccan Dairy Products, British Microbiology Research Journal, 1(4), 2011, 79-94.

G. Rajaram, P. Manivasagan, U. Gunasekaran, S. Ramesh, S. Ashokkumar, B. Thilagavathi, A. Saravanakumar, lIsolation,
identification and characterization of bacteriocin from Lactobacillus lactis and its antimicrobial and cytotoxic properties, African
Journal of Pharmacy and Pharmacology, 4(12), 2010, 895-902.

A. Mohankumar, N. Murugalatha, Characterization and Antibacterial Activity of Bacteriocin Producing Lactobacillus Isolated from
Raw Cattle Milk Sample, International Journal of Biology, 3, 2011.

N. H .Najim, Z. A. Mohammed, Z. S. Khudhir, The antibacterial activity of bacteriocin produced by Lactobacillus acidophilus
isolates against sensitive reference strain Lactobacillus acidophilus R0052 and its stability to different pH, heating and storage
temperatures, Eleventh Veterinary Scientific Conference: 472, 2012, 274-279.

A. Olejnik, M. Lewandowska, M. Obarska, W. Grajek, Tolerance of Lactobacillus and Bifidobacterium Strains to Low pH, Bile
salts and digestive Enzymes, EJPAU 8(1), 2005.

DOI: 10.9790/3008-10420915 www.iosrjournals.org 15 | Page


https://aiche.confex.com/aiche/2012/webprogram/Session21781.html
https://aiche.confex.com/aiche/2012/webprogram/Session21781.html
https://aiche.confex.com/aiche/2012/webprogram/Session21781.html

