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bacteriocins extracted from lactobacillus spp

Abstract

Bacteriocins produced by Lactic Acid Bacteria (LAB) have garnered significant attention
for their potential as natural and safe preservatives in the food industries, being Generally
Regarded as Safe (GRAS) and typically non-toxic. This study aimed to isolate, partially
purify, and characterize bacteriocins from LAB isolated from milk and yogurt samples.
Initial screening of bacteriocin producing microbes was performed by agar-overlay
method against Staphylococcus sp. Bacteriocin activity assay was performed using agar-
well diffusion method against Escherichia Coli, Staphylococcus aureus, Pseudomonas
aeruginosa and Salmonella typhi by determining their zone of inhibition. The proteinaceous
compound was isolated from cell-free culture supernatant and was partially purified by 60%
ammonium sulphate precipitation and was further purified by extraction with chloroform-
methanol (2:1 v/v), followed by molecular identification using Sodium Dodecyl Sulphate-
Polyacrylamide Gel Electrophoresis (SDS PAGE) and characterization of its stability under
various conditions. Finally, the bacteriocin preparation was sprayed on beef sample and
was evaluated up to 48 hours. Two of the isolates demonstrated significant antimicrobial
activity against all four indicator bacteria. The bacteriocins were stable across various pH
levels, temperatures, and proteolytic enzyme treatments. After 12 h, it exhibited significant
microbial inhibition (Control: TBC 2.55x108 CFU/g and CC 1.92x106 CFU/g; Sample:
TBC 2.2x108 CFU/ml and CC 1.8x106 CFU/ml). Thus, the isolated LAB strains exhibit
potential for bacteriocin production, offering promising applications in food preservation
and safety, particularly on meat and meat products.
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Introduction

Bacteriocins are proteinaceous toxins produced by bacteria.! Their
primary function is to inhibit the growth of similar or closely related
bacterial strains. Bacteriocins made by LAB have gained a lot of
attention due to their potential use as natural and safe preservatives
in food and pharmaceutical industries. The bacteriocins produced by
LAB are “Generally Regarded as Safe” (GRAS)? and have gained
significant interest as a new method for controlling infections in
food products. LAB have long been utilized as starter cultures in the
fermentation process of various foods and beverages, owing to their
ability to enhance flavor, aroma, and retard spoilage.® The preservative
effect of LAB is primarily attributed to the acidic environment
they create during their growth phase. However, their preservative
capabilities extend beyond the production of lactic and acetic acid.
LAB can produce and secrete a variety of inhibitory substances,
including hydrogen peroxide, ethanol, diacetyl, carbon dioxide,
substances akin to bacteriocins or antibiotics, and bacteriocins
themselves.*

The increased consumption of foods containing additives
formulated with chemical preservatives and consumer concerns have
created a higher demand for more natural and minimally processed
foods, therefore, there is a high interest in naturally produced
antimicrobial agents that do not produce adverse effects.® In this study
we tried to isolate, identify and characterize bacteriocin isolated from
milk and yogurt sample and evaluate the bio-preservative potential of
partially purified bacteriocin using various biochemical and molecular
techniques.

Materials and methods
Sample preparation

Milk and yogurt samples from local sweet shops in Gollamari,
Khulna, Bangladesh were collected, diluted (10!~ 10°), and plated
(0.1 ml suspension) on MRS agar plates.® After incubation at 37°C for
48-72h, single colonies were sub-cultured until pure. A culture stock
was prepared with a 50% glycerol solution, mixed with the bacterial
culture, and stored at -20°C.

Initial screening for antagonistic activity

All LAB cultures isolated from MRS were submitted to an initial
screening to verify the presence of antagonist activity using the
Agar overlay method.” In brief, LAB isolates were grown overnight
and then stabbed onto MRS agar plates (1.5% agar), followed by
incubation at 37°C for 3 hours. Subsequently, soft agar (0.8% agar)
containing the indicator strain at a concentration of 10° CFU/mL was
layered over the plates, which were then incubated at 37°C for 24
hours. The appearance of clear inhibition zones around the colonies
signified antimicrobial activity.

Identification of bacterial isolates

Physiological and morphological tests were conducted following
standard methods to identify bacterial isolates, encompassing
characteristics such as size, shape, color, and texture. Microscopic
examination was done by Gram staining. Biochemical tests included
the catalase test, oxidase test, citrate utilization, TSI test and urease
test. Additionally, production of bacteriocin was examined by
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propagating isolated strains in MRS broth, followed by centrifugation
to obtain cell-free supernatant, adjusted to pH 6.5, and treated to
prevent proteolytic degradation, serving as crude bacteriocin.

Production of bacteriocin

The isolated strain was propagated in MRS broth seeded with
1% (v/v) inoculum of overnight culture and maintained at optimized
culture condition for 48 h at 37°C. After incubation, cells were
removed from the growth medium by centrifugation at 6000 rpm for
20 minutes, 4°C. The cell-free supernatant (CFS) was adjusted to pH
6.5 using 1 mol/L NaOH and it was used as crude bacteriocin. To
avoid proteolytic degradation of the bacteriocin, CFS was treated for
10 min at 80°C.8

Antimicrobial activity assay

The bacteriocin’s antimicrobial activity was tested against E. coli,
S. aureus, S. typhi, and P. aeruginosa using the agar well diffusion
method.” The indicator bacteria were cultured on Nutrient Agar,
inoculated into Nutrient Broth, and incubated. Muller-Hinton agar
plates were prepared and inoculated with the pathogenic bacteria. 50
ul bacteriocin supernatant were added in 5S-mm agar well seeded with
indicator bacteria, and after 24-hour incubation at 37°C, inhibition
zones were measured to assess antimicrobial activity.

Ammonium sulphate precipitation of bacteriocin

The Cell-free supernatant (Crude bacteriocin) was precipitated
using 60% ammonium sulfate. First, a 76.68% ammonium sulfate
solution was prepared to create a 100% saturated solution. Then,
the 60% saturated solution was prepared using a specific formula.
Ammonium sulfate was slowly added with a gentle magnetic stirrer,
followed by allowing it to precipitate briefly. After centrifugation at
6000 rpm at 4°C for 20 minutes, the supernatant was discarded, and
the pellets were dissolved in tris-HCI buffer (pH 8.0).

Extraction of bacteriocin

The precipitated bacteriocin was further extracted with volumes
of a mixture of chloroform/methanol (2/1, v/v). After I h at 4°C, the
white precipitate formed was centrifuged for 40 min at 6000 RPM and
resuspended in 3ml ultrapure water. This material was considered to
be a partially purified bacteriocin.'

Molecular identification of bacteriocin

The partially purified bacteriocin were identified on a molecular
basis by using SDS PAGE."

Characterization of bacteriocin
Effect of pH

Five ml aliquot of partially purified bacteriocin was taken in test
tubes and the pH of the contents were adjusted to pH 2, 4, 6, 8 and 10

Table | Physiological and Morphological Properties of the Selected Isolates

Copyright:

©2025 Roza ecal. 13

separately, using either diluted NaOH or HC1 (1M NaOH or 1M HCI
solution). After allowing the samples to stand at room temperature for
2 h, the antimicrobial activity was assayed.'?

Effect of temperature

About 5 ml of partially purified bacteriocin in different test tubes
was taken and then heated at 30, 40, 60, 90 and 121°C for 15 min under
pressure. The heat treated bacteriocin samples were then assayed for
antimicrobial activity.

Effect of proteolytic enzyme (bromelain)

Five ml aliquot of bacteriocin was taken in test tubes and treated
with bromelain (1 mg/ml) at pH 7. The test tubes with and without the
enzyme (control) were incubated at 37°C for 2 h and heated at 100°C
for 3 min to denature the enzyme. Both the control and samples were
assayed for antimicrobial activity by using well diffusion method.'

Effect of bacteriocin on meat preservation

Beef samples were divided into two experiments. One set was
treated with bacteriocin supernatants, the other with a salt and turmeric
solution as a control. After storage at room temperature, sensory
analysis was conducted. The most promising bacteriocin-treated
samples, based on sensory evaluation over 48 hours, were tested for
Total Bacterial Count (TBC) and Coliform Bacterial Count (CC) at
0, 12, 24, and 48 hours to assess pathogen impact. The formula for
calculating both total bacterial count and total coliform count was
done by-

CFU/ml = (Number of colonies X dilution factor) / volume of
culture plate.

Results

Isolation of bacterial strains

In this study, two yogurt samples and two milk samples were
collected from local shops were collected near Khulna University.
From the four samples fifteen bacterial single colonies were initially
selected for further studies.

Initial screening of bacteriocin producing strain

Screening of Bacteriocin producers were carried out by agar-
overlay method." In which only six isolates showed maximum zone
of growth inhibition of test microorganism (Staphylococcus spp.) and
they were selected and used for bacteriocin production studies.

Identification of bacterial isolates

For this study, six potent isolates were morphologically
characterized and biochemical test were performed the test results are
given below (Table 1).

Morpholo Isolate Isolate Isolate Isolate Isolate Isolate
phology Y-1.1 Y-1.2 Y-1.3 Y-1.4 M-1.1 M-1.1

Cell shape Rod shaped Rod shaped Rod shaped Rod shaped Rod shaped Rod shaped

Colony shape Round Round Round Round Round Round

Colony elevation Slightly raised Slightly raised Slightly raised Slightly raised Slightly raised Slightly raised

Colony surface Smooth Smooth Smooth Smooth Smooth Smooth
Colony color White White White White White White
Gram-Stain Positive Positive Positive Positive Positive Positive
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All 6 isolates understudy were found to be Gram-positive, and rod ~ white colored. These isolates were determined as representative of the
shapes were arranged in chains or pairs. Their colonies on the MRS  genus Lactobacillus (Table 2).
medium were found to be circular, smooth surface, slightly raised, and

Table 2 Summary of Biochemical Test

Biochemical broperties Isolate Isolate Isolate Isolate Isolate Isolate
prop Y-1.1 Y-1.2 Y-1.3 Y-1.4 M-1.1 M-1.2
Catalase Negative Negative Negative Negative Negative Negative
Urease Positive Positive Positive Positive Positive Positive
Oxidase Negative Negative Negative Negative Negative Negative
Citrate Utilization
Test Negative Negative Negative Negative Negative Negative
TSI
(Slant) Red Red Red Red Red Red
Triple TSI (B Yell Yell Red Yell Yell Red
Sugar Iron (TSI) (Butt) ellow ellow e ellow ellow e
Gas Negative Negative Negative Negative Negative Negative
H.S Negative Negative Negative Negative Negative Negative

Antimicrobial activity of bacteriocin producing strain

Antimicrobial Activity of Partially Purified Bacteriocin

m Escherichia coli

B Saimonelia typhi

m Staphylococcus gureus
Pseudomonas aeruginosa

]
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In the antibacterial sensitivity test, isolates Y-1.3 and M-1.2
showed no antibacterial activity. Y-1.2 and Y-1.4 inhibited all four
bacteria. Y-1.1 and M-1.1 only inhibited Staphylococcus aureus, not
Escherichia coli, Pseudomonas aeruginosa, or Salmonella typhi.
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Partial purification of bacteriocin
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The cell-free culture supernatant fluid was precipitated with 60%
ammonium sulphate saturation. The bacteriocin activity of the pellicle

. A Izolates
was measured by Agar-well diffusion assay.

Extraction of bacteriocin Figure 3 Activity of Partially Purified (Methanol-Chloroform) Bacteriocins.

After chloroform/methanol extraction, the activity of the Characterization of bacteriocin

precipitate, re-dissolved in ultrapure water, was measured. This  Effect of pH
material was considered to be a partially purified bacteriocin

preparation (Figure 1-3). Bacteriocin showed maximum activity at pH 6.0 and remained
partially active in acidic or basic conditions. Its stability across pH
Antimicrobial Activity of Crude Bacteriocin levels is a factor for its use in food. It retained activity in pH 3.0 to 6.0,
B but activity decreased from pH 8.0 to 10.0 (Figure 4).
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Isolates Effect of temperature

Bacteriocin activity, measured by inhibition zones against four

Figure 2 Antimicrobial activity of partially purified (60% ammonium sulfate) bacteria, is thermostable up to 121°C, with some activity loss at

bacteriocins.
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higher temperatures. This thermostability allows sterilization at room
temperature, avoiding the need for cold storage (Figure 5).
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Figure 5 Effect of temperature on bacteriocin activity against test pathogens
using agar-well diffusion assay.

Effect of proteolytic enzyme

Bacteriocin activity decreased with the protease enzyme bromelain
at 0.25 mg/ml. When treated with protease and tested on bacteria, it
showed minimal or no inhibition, indicating it’s a protein that can be
broken down by gastric juices, making it safe for consumption.

Effect of bacteriocin as bio-preservative on beef meat

After 12 hours, control and Y-1.1, M-1.1, Y-1.2 bacteriocin-treated
beef samples changed color and emitted odor. Y-1.4 treated samples
remained fresh and odorless. After 24 and 48 hours, all except Y-1.4
lost their original characteristics. Y-1.4 showed decomposition signs
after 24 hours. There was no significant difference in Total Bacterial
Count (TBC) at 48 hours between control and treated samples.
Bacteriocin-treated samples had slightly lower TBC (3.3x10"8
CFU/g) at 24 hours compared to control (3.38x10"8 CFU/g).
Antimicrobial activity decreased after 24 hours, with the lowest rate
at 48 hours, where control TBC was 5x10"8 CFU/g (Figure 6).
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Figure 6 Coliform count of control and bacteriocin preparation on beef
sample (Oh-48h).
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Discussion

Our study isolated six bacteriocin-producing bacteria, suspected
to be Lactobacillus species, which showed considerable growth
inhibition against Staphylococcus aureus, Escherichia coli,
Pseudomonas aeruginosa, and Salmonella typhi. The bacteriocin
activity was measured using various methods and showed that
isolates Y-1.2 and Y-1.4 had the highest inhibition. The bacteriocin
was characterized by its high heat stability, wide pH tolerance, and
sensitivity to protease enzyme, suggesting it as a unique bacteriocin.
The findings of this study align with those of'* and,'® particularly in
terms of the bacteriocin’s temperature stability, pH tolerance, and
sensitivity to protease enzymes.

Previous studies demonstrated that bacteriocins produced by
L. paracasei, L. lactis, L. plantarum, and L. pentosus retained their
activity even after being heated at 121°C for 20 minutes.'® The
bacteriocin was applied on fresh beef samples to evaluate its bio-
preservative potential, with isolate Y-1.4 showing better physical
characteristics. The bacteriocin-treated sample showed maximum
inhibition at 12 hours for both total bacterial count and coliform count.
The bio-preservation activity of beef using bacteriocin yielded results
that were somewhat similar to,'” which investigated the preservation
of a different type of meat.

Conclusion

In summary, the bacteriocin was partially purified from
Lactobacillus species, showing an antagonistic effect against various
pathogenic bacteria, which highlights its potential as an effective
preservative for different food products, thereby extending their shelf
life. We aim to purify the bacteriocin further, optimizing processes to
improve efficiency. Its remarkable heat stability, broad pH tolerance,
and sensitivity to bromelain enzyme further emphasize its uniqueness
as a bacteriocin. This indicates that bacteriocin from Lactobacillus
species could be industrially exploited for the production of
antimicrobial peptides, and additional strain improvement studies
could be conducted to enhance bacteriocin production. However,
extensive toxicological and acceptability tests are required before it
can be approved for large-scale consumption.
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