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Abstract: Bacteriocin producing Lactobacillus plantarum strain isolated from raw cow’s milk samples, showed
broad range of antibacterial activity against food borne pathogens. The bacteriocin was purified in two step
procedure involving ammonium sulfate precipitation and gel filtration (Sephadex G-100 column). The molecular
weight of the purified bacteriocin was found to be 9.5 kDa by SDS-PAGE. It showed high thermal stability (up
to 121°C) and was active over wide range of pH (3 to 11) and complete inactivation in the presence of trypsin
enzyme. The study revealed the possibility of using bacteriocin as a food preservative and the L. plantarum
as probiotic.
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INTRODUCTION the only lantibiotic approved in more than 60 countries

Lactic acid bacteria (LAB) are widely used in the food Lactobacillus plantarum has been isolated from
industry as starter culture for fermentation. Lactobacilli various habitats and several bacteriocins (antimicrobial
have been used since decades against infectious diseases peptides) have been described in strains from milk [8, 9],
[1] and have been extensively studied for their ability to cheese [10], sorghum beer [11], barley beer [12] and
protect against pathogens. These organisms have been fermented cucumber [13].
widely used as probiotics [2, 3]. Many of these lactic acid Several types of bacteriocins from food-associated
bacteria are known to produce antibacterial substances lactic acid bacteria have been identified and characterized
including bacteriocins which can inhibit the growth of [14-18]. Because of the increasing demand for more
several pathogenic bacteria. Bacteriocins from lactic acid natural and microbiologically safe food products, there is
bacteria are natural antimicrobial peptides or small a need for bio preservation methods. Bacteriocins have
proteins with bactericidal or bacteriostatic activity against considerable potential for food preservation, as well as for
genetically closely related species [4]. Bacteriocins can be human therapy as potential supplements or replacements
classified broadly as those synthesized by Gram-positive for currently used antibiotics [19, 20]. Therefore, in this
and those by Gram-negative organisms. Among those paper we reported on the antimicrobial properties of
synthesized by Gram-positive organisms, Lactobacilli bacteriocin produced from Lactobacillus plantarum,
bacteriocins are of commercial value [5]. isolated from raw cow’s milk which has been purified and

Lactobacillus bacteriocins are grouped as class-I characterized.
bacteriocins (lantibiotics), class-II bacteriocins (heat-
stable, non-lantibiotics), class-III  (heat-labile proteins MATERIALS AND METHODS
with  large molecular mass) and class-IV (hydrophobic
and heat-stable proteins, associated with lipids or Isolation of Bacteriocin Producing Bacteria: Raw milk
carbohydrates). The lantibiotics in general have wider (unpasteurized) samples of cow were collected from the
spectrum of activity than the non-lantibiotics. Nisin local dairy farms of Hyderabad, India. The samples were
produced by Lactobacillus lactis is the best-studied and collected  in a sterile screw cap tubes and serially diluted

including USA to be used in food industry [6, 7].
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(10  – 10 ) in sterile distilled water. The diluted samples Molecular Weight Determination: The molecular weight1 6

were plated (0.1 ml suspension) onto de Man Rogosa
Sharpe (MRS) agar [21] plates and incubated at 37°C for
48 h. In a total of 13 different colonies initially observed,
screening of bacteriocin producing isolates was done by
well-diffusion method [22] against the indicator bacteria
i.e., Staphylococcus aureus, Escherichia coli, Listeria
monocytogenes and Enterococcus fecalis. Only 3 isolates
showed  antibacterial activity against tested indicators
and one of the best strain was selected and subjected to
morphological and biochemical characteristics as
described by Michael [23]. The strain was sub cultured
onto MRS agar slants which were incubated at 37°C for
24 h and preserved in 20% glycerol at -20°C.

Production of Bacteriocin: The isolated strain was
propagated in MRS broth (1000 ml) seeded with 10%
inoculum (10  CFU/ml) of overnight culture and incubated8

for 48 h at 150 rpm at 37°C. After incubation, the whole
broth was centrifuged at 10,000×g for  15  min  and the
cell-free supernatant was used as crude bacteriocin [20].

Purification of Bacteriocin: The cell-free culture
supernatant (crude bacteriocin) was saturated with 70%
ammonium sulfate and stored at 4°C to precipitate out the
proteins. The pellet was collected after centrifugation at
10,000×g at 4°C for 30 min. The pellet was dissolved in
phosphate buffer (0.1M, pH 7.0) and dialyzed against the
same buffer at 4°C overnight [20]. The dialyzed protein
was applied to a Sephadex G-100 column (1.6 × 36 cm) pre-
equilibrated  with  phosphate buffer (pH 7.0). The flow
rate was adjusted to 24 ml/h and fractions (1 ml each) were
collected. The fractions showing high bacteriocin activity
were pooled and concentrated in a lyophilizer.

Bacteriocin Assay: The antibacterial activity of the
bacteriocin isolated from L. plantarum was determined
using the well diffusion method as described by Ivanova
et al. [24]. 50 µl of the bacteriocin were placed in 5-mm
diameter wells that had been cut in agar plates previously
seeded with the indicator bacteria. The plates were
incubated at 37°C for 24 h. After incubation, the diameter
of zone of growth inhibition was measured. Antimicrobial
activity was expressed as arbitrary units (AU) per ml. One
AU was defined as the reciprocal of the highest dilution
showing a clear zone of growth inhibition [24]. 

Determination of Protein: Protein concentration of the
bacteriocin in supernatant was determined by the method
of Lowry et al. [25], using bovine serum albumin as the
standard.

of the purified bacteriocin was determined by 12% sodium
dodecyl  sulfate  polyacrylamide  gel electrophoresis
(SDS-PAGE) according to the method of Laemmli [26].
After electrophoresis, the gel was stained with Commassie
Brilliant Blue R-250 and destained by washing overnight
with mixture of acetic acid-methyl alcohol-water (5:5:1
v/v). The low range molecular weight marker was used as
standard marker (Genei, India).

Characterization of Bacteriocin
Effect of pH: To determine effect of pH, 0.5 ml of purified
bacteriocin was added into 4.5 ml of nutrient broth at
different pH values (3 to 11) and incubated for 30 min at
37°C. Each of the bacteriocin samples treated at different
pH values was assayed against indicator bacteria by well
diffusion method [27, 28].

Effect of Temperature: Purified bacteriocin (0.5 ml) was
added into 4.5 ml of nutrient broth in the test tube. Each
test tube was then overlaid with paraffin oil to prevent
evaporation  and then heated at different temperatures
(30, 40, 50, 60, 70, 80, 90 and 100°C) for 10 min. The
preparations containing nutrient broth (4.5 ml) and
bacteriocin (0.5 ml) in test tubes were plugged with non-
absorbent  cotton and covered with aluminum foil and
kept in an autoclave at 121°C or 15 lbs pressure for 10 min
to check its activity at very high autoclaving temperature.
The bacteriocin activity of above different heat-treated
was measured by well diffusion method [29].

Effect of Proteolytic Enzyme: Effect of proteolytic enzyme
trypsin on the activity of purified bacteriocin was studied
as described by Paik et al. [30], where enzyme control 1
(C1) contained 0.3 ml of phosphate buffer (0.5M, pH 7.0),
enzyme control 2 (C2) contained 0.15 ml of bacteriocin and
0.15 ml of phosphate buffer (0.5M, pH 7.0), while for the
enzyme reaction (ER) 0.15 ml of trypsin (0.25 mg/ml) and
0.15 ml of purified bacteriocin were used. The effect of the
proteolytic enzyme-trypsin on bacteriocin activity was
studied by well diffusion method using above three
preparations against the indicator bacteria. Reduction in
zone size clearly indicated inactivation of bacteriocin
(protein) due to the proteolytic enzyme [30].

RESULTS AND DISCUSSION

The bacteriocin producing strain was isolated from
cow milk samples and the selected strain was identified as
Lactobacillus plantarum.
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Table 1: Summary of the purification profile for bacteriocin from L. plantarum

Purification steps Volume (ml) Total activity (AU/ml) Total protein (mg) Specific activity (AU/mg) Purification fold Recovery (%)

Culture filtrate 100 6.5×10 213.2  27.3 1.0 100.08

Ammonium sulfate 20 5×10 25.3 155.7 5.3 63.17

Sephadex G-100 10 4×10 1.5 1023.1 13.5 21.37

Table 2: Inhibition of various indicator bacteria by bacteriocin produced by
L. plantarum

Test organisms Zone of inhibition (mm)
Enterococcus fecalis 17
Listeria monocytogenes 11
Staphylococcus aureus 21
Escherichia coli 18

Fig. 1: SDS-PAGE of purified bacteriocin. Lane 1:
Molecular weight marker; Lane 2: Purified
bacteriocin

Purification of Bacteriocin: The results of the
purification procedure were summarized in table 1. After
final purification step, the bacteriocin was purified 13.5-
fold with a recovery of 21.3%. The purified bacteriocin
appeared as a single band in SDS-PAGE with molecular
weight approximately 9.5 kDa (Fig. 1). Similarly Todorov
et al. [12] reported the molecular weight of the bacteriocin
from L. plantarum ST13BR as 10 kDa. The bacteriocins of
lactic acid bacteria belonging to class-I and II have
molecular weight (<5 kDa) and (<10 kDa) respectively e.g.,
Pediococcus acidolactici (3.5 kDa), L. cin C-TA33a (4.6
kDa) and L. curvatus SB13 (10 kDa) [31-33]. The lower
molecular mass of bacteriocin of L. plantarum (9.5 kDa)
suggested that it might belong to class-II bacteriocin
group.

Fig 2: Effect of pH on the activity of the purified
bacteriocin

The susceptibilities of various Gram-positive and
Gram-negative bacteria to growth inhibition by the
bacteriocin of L. plantarum were presented in table 2. It
shows antibacterial activity against Staphylococcus
aureus, Enterococcus fecalis, Escherichia coli and
Listeria monocytogenes. Among these, highest growth
inhibition was recorded against S. aureus and minimum
activity was observed against L. monocytogenes.
Similarly, bacteriocin from L. plantarum was found to be
active against pathogenic bacteria including Clostridium
sporogenes, Enterococcus fecalis, E. coli and S. aureus
[11, 34, 35]. These results indicated that the presence of
bacteriocin in lactic acid bacteria is responsible for their
antimicrobial activity.

Effect of pH: Bacteriocin was active in a wide range of pH,
but the maximum activity was observed at pH 5.0 and 6.0
(Fig. 2). Bacteriocin could retain its antimicrobial activity
partially when there was a shift to acidic or basic range.
Stability of bacteriocin at different pH scale is a limiting
factor for recommending its use in food items.
Bacteriocins produced by L. plantarum and L. brevis OGI
retained their antimicrobial activity in an acidic pH range
of 2.0 to 6.0, while inactivation occurred at pH 8.0 to 12.0
[22].

Effect of Temperature: Figure 3 shows the effect of
temperature on bacteriocin activity in terms of inhibition
zones.  It  has been found to be thermostable in nature as
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Fig. 3: Effect of temperature on the activity of the
purified bacteriocin

it can withstand high temperature up to 121°C, although
a partial loss in the activity was observed with a
continuous increase in temperature. Thermo stability of
bacteriocin at high temperature makes it possible to
sterilize the food products even at room temperature, thus
avoiding their storage at low temperature. Earlier studies
revealed that bacteriocins produced by L. paracaseii, L.
lactis, L. plantarum and L. pentosus remained active after
heating till 121°C for 20 min [32].

Effect  of  Proteolytic  Enzyme:  The  activity of
bacteriocin  decreased  in  presence  of  trypsin  enzyme
at  its  tested dose of 0.25 mg/ml. When purified
bacteriocin was treated with trypsin in the ratio of 1:1 and
welled into Petri dishes containing indicator bacteria,
there was either minimum or no inhibition zone formation
in the agar plates, indicating zero activity of bacteriocin.
This proves that bacteriocin is basically a protein in the
nature and therefore it can be broken down by gastric
juices, thus making it completely safe for human
consumption.

In conclusion, the bacteriocin was purified from L.
plantarum, isolated from cow milk samples. The strong
antagonistic effect of bacteriocin against the food borne
pathogens indicated its usefulness in the preservation of
different food products enhancing their shelf life. Its high
heat stability, wider pH tolerance and sensitivity to
trypsin enzyme suggested it as unique bacteriocin. It can
be suggested that L. plantarum can be industrially
exploited for the synthesis of antimicrobial peptides and
strain improvement studies can be carried out to enhance
bacteriocin production. Extensive toxicological and
acceptability tests should be performed before the
product is approved for large scale consumption.
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