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Abstract Common salt (sodium chloride) and chemical preservatives are used for preservation of skins and
leather to protect from microbial attacks, which leads to severe pollution problem. Bacteriocin is an eco-friendly
option for skin and leather preservation in leather industry, which contains antimicrobial and antifungal components
their fluid. Bacteriocin was extracted from Lactobacillus plantarum isolated from chicken meat by submerged
fermentation method. The bacteriocin was tested against the skin putrefying organism Pseudomonas aeruginosa and
Bacillus putrefaciens by plate assay method, which showed the activity of 200 AU/ml for Pseudomonas aeruginosa,
and 340AU/ml for Bacillus putrefaciens. These two cultures were further analysed by SEM, which showed cleavage
of bacterial cell walls due to action of bacteriocin. This study revealed the presence of antimicrobial activity in
bacteriocin. Then the bacteriocin was tested for preservation of goat skin infected by skin putrefying organisms of
Pseudomonas aeruginosa and Bacillus putrefaciens, and its efficacy was studied. The microbial infected goat skin
was preserved with 15% bacteriocin solution and stored for seven days at room temperature, which showed the
complete inhibition of microbial growth even after seven days of storage. Then the goat skin was further processed
into crust leather and which was analysed by SEM and physical testing data. The SEM analysis and physical testing
data revealed no significant changes in the fiber structure of the skin due to preservation by bacteriocin. The
pollution load generation (Total Dissolved solvents) has reduced at the level of 94.4% and 95.6% (of chlorides)
during soaking process. The overall experiments revealed that the bacteriocin can be used as potential bio
preservatives for preservation of skin and leather.
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1. Introduction
Leather industry is using plenty of toxic chemicals for
leather processing operation, which leads to severe
pollution problem and also facing many problems like
high production cost, lack of skilled labor, electricity
demand and microbial attacks on skins/hide/leather due to
following poor storage techniques. In earlier days, the
leather industry has economically contributed in many
developing countries for their growth. But presently the
leather industry is unable to make more profit due to
spending lot of money for treatment of wastes generated
from leather processing operation. Because the untreated
leather chemical wastes are spoiling the land fertility,
aquatic life of the organism and breathing problem due to
odor, which is discharged into environment. So, the
leather industry needs the changes to replace the chemical
usage in leather processing operation to minimize the
pollution load generation in the environment. Leather
industry is now adapted for microbial enzyme based
leather processing operation, which is the viable

alternative for chemical method and also minimized
amount of pollution load generation in the environment.
The microbial enzyme such as protease, lipase, xylenase
are used in leather processing operation, which attracts the
tanners in good manner.
The skins and hides are the very important raw material
for leather processing operation [1,2]. The raw materials
are preserved by enormous amount of salt (sodium
chloride) after immediate flying house operation to
prevent from decomposition and skin putrefying organism
such as Bacillus cereus, Bacillus putrefaciens, Bacillus
subtilis, Bacillus mesenthericus, Micrococus rubescens,
Pseudomonas aeruginosa, Penicillium sp. and Aspergillus
niger. The salted skin and hide was removed before
processing into leather by soaking into water, which leads
to higher Total Dissolved Solids (TDS) in the waste water
[3]. The salt is discharged mainly from salt curing,
pickling, and chrome tanning operation but mostly from
curing stage. The leather industry is contributing 40% of
TDS and 55% of chlorides in the effluents. So, the
additional investment need for removal of TDS in the
waste water. Sodium chloride is very difficult to remove
and also cause problems to the effluent treatment.
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According to pollution control board norms the TDS must
be 2100 mg/L in the treated leather waste water [4,5].
Leather industry is still having lack of preservation
technology to preserve the skins/hides without salt
(sodium chloride). So, the industry is very much needing
eco-friendly alternative technology for preservation of
leather raw materials. Therefore development of a viable
alternative preservation system is the need of the hour for
protecting leather industry from environmental issues. The
present research is focusing on using bacteriocin as an
effective bio-preservative to preserve the skin without any
harmful effect to living beings.
Bacteriocin is prepared for skin/hide and leather
preservation, because it contains antimicrobial and
antifungal active compounds in its fluids and which is
ribosomally synthesized bactericidal peptides and are
produced by few microorganisms in all major lineages of
Eubacteria and Archaebacteria. Bacteriocins are low
molecular weight, cationic, amphophilic molecules [6].
Bacteriocin is already current in use for food preservation
to prevent the food material from food spoiling microbes
for long term storage. Lactic acid bacteria (LAB) are
capable of inhibiting various microorganisms in a food
environment and display crucial antimicrobial properties
with respect to food preservation and safety [7]. In this
present investigation, the principle of inhibiting various
micro organisms of LAB to the leather is explored. The
bacteriocin produced from the Lactobacillus plantarum
was characterized and then studied for preservation of
goat skin in the place of conventional sodium chloride
method. In the conventional method, sodium chloride at
the level of 40-50% (based on skin wet weight) is applied
to preserve the skins. But in the current study at the level
of 15% of bacteriocin was used for preservation of
skin/hide/leather based on the weight.
Bacteriocin is used as preservatives in various
industries to stabilize the end products. The application of
bacteriocin is already tested in food, pharmaceutical, and
fermentation industry only. But the current involves
application of bacteriocin to leather industry for
preservation of skins/hides and leather preservation. The
new attempt was made first time in leather industry. It is
very much clear from the above discussion that treatment
cost of waste using bacteriocin does not require any
additional investment and technology for the treatment of
effluent whereas the salt treated effluent liquor requires
solar evaporation pan or other membrane treatment for
treatment of wastes.

2. Materials and Methods
2.1. Goat Skin Samples Collection
Goat skin samples were collected after immediate
slaughter house operation and all skin samples were kept
inside on sterile plastic bags and immediately transported
to laboratory and stored at room temperature for 1–3 days.
The all chemicals and microbiological media were used in
this study was purchased from Sigma-Aldrich chemicals
and Hi-Media, in Mumbai, India.
Some of the following skins putrefying microbial sp.
were isolated from the fresh goat skins, bacteria such as
Bacillus cereus, Bacillus putrefaciens, Bacillus subtilis,

Bacillus
Mesenthericus,
Micrococus
rubescens,
Pseudomonas aeruginosa, Penicillium sp. and fungi such
as Aspergillus niger. But Bacillus putrefaciens and
Pseudomonas aeruginosa were considered for the further
studies.

2.2. Isolation of Potential Lactic
Bacteria (LAB) from Various Meats

Acid

The various raw materials used for isolation of Lactic
acid bacteria (LAB) were chicken intestine, chicken meat,
fish meat, fish entrails and were procured from local
market of Chennai. The LAB isolation procedure was as
follows: 10 g of meat sample were homogenized and
dissolved in 90 ml of saline sample to make up 10-1
dilution. The 10 ml of homogenized sample was poured
on MRS agar medium by pour-plate method and the plates
were incubated at 37ºC for 24-48 h. Some of the colonies
were selected and sub cultured in MRS agar medium for
24 h at 37ºC. The mother inoculums were stored at 6ºC in
MRS agar medium and sub cultured at regular intervals of
30 days. Isolated cultures were identified by biochemical
tests and staining techniques [8,9]. The catalase test
reaction was visualized through Phase Contrast
Microscopy.

2.3. Production
Bacteriocin

and

Purification

of

The isolated LAB was inoculated in to conical flak
containing 500 ml of MRS broth incubated at 37°C for 36
h. The culture was centrifuged at 1000 rpm for 10 min and
supernatant was taken and further partially purified by
precipitation method by using Ammonium sulfate
followed by dialysis and gel filtration chromatography
[10]. Bacteriocin protein concentrate was estimated by
Bradford (1976) method.

2.4. Effect of Bacteriocin against Enzyme
Treatment
Bacteriocin was tested against various proteolytic
(Trypsin, Pepsin, Papain) and non-proteolytic (α- Amylase,
Lipase) enzymes. For this study; aliquot containing 0.5 ml
of the concentrated bacteriocin was incubated for 24 h at
37°C with the following enzymes at 10 mg/ml
concentration; (i) Trypsin (ii) Pepsin (iii) Papain (iv) αAmylase (v) Lipase. All the enzyme activities were
measured after treatment with bacteriocin by using
respective substrates.

2.5. Isolation of Skin Putrefying Bacteria
from Goat Skins
For isolation of skin putrefying organisms, the skin
samples were gently parted and staple cut into 5 × 5 cm
pieces in aseptic condition and added to a 500 ml conical
flask containing 100 ml of sterile physiological saline
(0.85% NaCl). The samples were agitated and serially
diluted before streaking into petriplates containing plate
count agar medium, Nutrient Agar medium and LB agar
medium. The plates were incubated at 30°C for 1–5 days
and discrete colonies with different morphological
characteristics were picked up from the petriplates and sub
cultured, stored at -4°C as pure culture [11].
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2.6. Evaluation of Antibacterial Activity of
Bacteriocin by Plate Assay Method
The isolated bacterial cultures from goat skin were
grown in nutrient broth for 24 h at 37°C. Then nutrient
agar medium was prepared and poured into the petriplates
and appropriate numbers of wells were made after
solidification. 60 µl of bacteriocin was added into each
well and pre-incubated at 4°C for 2-3 h to allow the
bacteriocin to diffuse into the agar medium and then the
24 h nutrient broth culture was taken and swabbed on the
nutrient agar plates. The plates were further incubated for
18 h at 37°C and examined for zone of clearance around
the individual wells [12]. The diameter of the zone of
clearance, if any thus formed, was measured in arbitrary
units per ml (AU/ml) from the volume taken in the well
(µl).
AU ml =

Diameter of the of zone clearance ( mm ) × 1000
Volume taken in the well ( µ l )

2.7. Scanning Electron Microscopy (SEM)
Observation of Bacteriocin Treated Skin
Putrefying Bacterial Culture
Purified bacteriocin was added to 10-4dilution of
bacterial cells and incubated at 37°C for 24 h. After
incubation, the cells were centrifuged at 6000 rpm for 15
min and washed twice with 0.01 M Potassium phosphate
buffer (pH at 7.0). The samples obtained in the form of
pellets after centrifugation at 6000 rpm were cross-linked
with 2% Glutaraldehyde for 2 h at 4°C. The pellet thus
obtained was dehydrated in a gradient ethanol (10-100%).
Initially, 40% ethanol was used and centrifuged and then
the cells were transferred onto the slide and subsequently
treated with 100% ethanol. The slides were then dried in
desiccators. The control and treated samples were poured
in BHI agar and incubated at 37°C for 24 h and then the
samples were subjected to SEM studies. The growth was
observed visually after incubation.

88

The preserved skins sample of both the control and
experiment were processed to crust leathers in accordance
with normal tanning practices and then tested for their
physical strength properties. The crust leather was
conditioned at a temperature of 20°C and 65% at relative
humidity over a period of 48 h before measurement. The
leather properties such as tensile strength, elongation at
break, tear strength and grain crack were measured in an
Instron tensile testing machine (BIS standards). Leather
quality was also visually inspected and graded by experts,
who are working in leather processing division at Central
Leather Research Institute, Chennai, in India.

2.10. Scanning Electron Microscopic (SEM)
Analysis
The SEM analysis was carried out for order to verify
the fiber structure of leather free from bacterial attack. The
control and bacteriocin treated crust leather sample was
cut into 5 mm × 2 mm size from the official butt portion
were subjected to SEM studies to assess the effect of
bacteriocin on the grain surface and ﬁber orientation in the
cross section of leather. A JOEL JSM 5300 scanning
electron microscope was used to study the cross section of
the leather.

2.11. Measurement of Pollution Load
The pollution load generation such as biochemical
oxygen demand (BOD), chemical oxygen demand (COD),
total dissolved solvent (TDS) and chlorides (Cl) were
measured from spent liquor of experiment (after treatment
of bacteriocin) and control skin samples [14].

3. Results
3.1. Isolation and Identification of Lactic Acid
Bacteria (LAB)

2.8. Bacteriocin Application for Goat Skin
Preservation
Freshly stripped goat skins (commercial levels) were
taken for the experiment and made it two halves. The left
halves (experimental samples) were immersed in various
conc. of bacteriocin solution (0.1, 1, 2, 3, 4, 5, 10, 15 and
20%) and right halves were treated with salt at the level of
40% on the green weight, which serves as a control. The
experimental and control skin samples were folded and
stored at an ambient temperature for 1 week. 100 g of skin
samples were taken from each control and experimental
samples and were cut into small pieces and soaked well in
the sterile water in different beakers containing 250 ml of
sterile water. The soaking water was inoculated into
nutrient agar plates after serially diluted by 10-3 to 10-9 and
kept for incubation at 37°C. The organism growth was
observed on nutrient agar plates after 24 h incubation time
[13].

2.9. Physical Strength Properties
Bacteriocin Treated Leather

of

Figure 1. Lactobacillus plantarum rods viewed by Phase Contrast
Microscope

The twenty LAB cultures were isolated from various
meat products and four LABs were found to have
bacteriocin activity among twenty cultures [15]. One LAB
culture showed maximum bacteriocin activity compared to
other three LAB culture. Hence, that particular strain was
taken for further studies, which is identified as
Lactobacillus plantarum. The Lactobacillus plantarum is
rod shaped lactic acid bacteria viewed by Phase Contrast
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Microscope (Figure 1). The Lactobacillus plantarum was
used for bacteriocin production, which showed the
maximum bactiocin activity of 470 units/ml at the pH 4.5,
temperature at 40°C and the duration of 48 h.

The bacteriocin showed 35.60 fold and 1.76 fold of
purification
respectively
for
both
gel-filtration
Chromatography method and ammonium sulfate
precipitation method. The protein content of the
bacteriocin was measured after purification; the conc. of
protein is 0.55 mg for purified by gel-filtration
Chromatography and 0.50 mg for ammonium sulfate
precipitation method (Table 1).

3.2. Purification and Protein Estimation of
Bacteriocin

Table 1. Purification of bacteriocin
Total Activity
Protein
Total protein
(AU)
(mg/ml)
(mg)

Purification steps

Volume
(ml)

Activity
(AU/ml)

Crude bacteriocin

50

310

15500

11

5

400

2100

1

500

500

Ammonium Sulfate
precipitation method
Gel Filtration
Chromatography

Specific activity
(AU/mg protein)

Activity
Recovery (%)

Purification
Fold

55

25

100

1

12

0.50

44

14

1.76

0.55

0.55

890

3.33

35.60

3.3. Evaluation of Bacteriocin Activity against
Enzymes

3.4. Antagonist Activity Associated with
Bacteriocin

The bacteriocin was applied against various enzymes
such as Pepsin, Trypsin, α-amylase, Lipase and Papain.
Bacteriocin lost the activity against almost all the enzymes,
which indicates presence of glycopeptides in the
bacteriocin and carbohydrate moiety may also be
associated with its activity (Table 2). The residual activity
of Trypsin is 68% (lost the activity of 32%), similarly the
proteases enzymes such as Pepsin and Papain showed the
residual activity of 56 and 54% respectively against
bacteriocin. The protease enzyme showed less enzymatic
activity compared to other enzymes. The Lipase and αamylase showed the residual activity of 98 and 100%
respectively.

LAB cultures isolated from various meat products
exhibited a broad spectrum of antimicrobial activity
against various bacteria. The bacteriocins from the LAB
are potent in inhibiting organisms [16]. Thus remarkable
activity of bacteriocin was observed against 8 organisms
obtained from goat skin. It can be seen from results that
the antimicrobial activity of bacteriocin against the
Pseudomonas aeruginosa and Bacillus putrefaciens were
recorded 200 AU/ml and 340 AU/ml respectively for both
organisms.

S.No
1

Table 2. Effect of enzymes on bacteriocin activity
Enzymes
Residual Activity (%)*
Trypsin

68

2

Pepsin

56

3

α-Amylase

100

4

Lipase

98

5

Papain

54

*Residual activity compared with antimicrobial activity before the
treatment.
Results are means of three individual assays with SD less than 5% about
the mean.

3.5. Antibacterial Activity Associated with
Bacteriocin by SEM Analysis
An attempt was made to observe the morphological
changes in the bacteriocin treated cells of target
microorganism by SEM analysis (Figure 2). In this
experiment the bacterial colonies obtained from goat skin
were used as the target microorganisms. The SEM images
show the appearance of complete lysis of bacterial cell
wall [17], which confirms the antibacterial activity of
bacteriocin against skin putrefying microorganisms
(Figure 3). So the bacteriocin can be prepared for
preservation of skin and leather in leather industry and
which will minimize the pollution load generation by
replacing the chemical preservatives.

Figure 2. (a) Scanning electron micrographs of Bacillus cereus control (b) Scanning Electron Micrographs of Bacillus cereus treated with partially
purified bacteriocins
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Figure 3. SEM Photographs of the bacteriocin treated bacterial cells. a) Control samples (b) Experiment

3.6. Preservation of Goat Skin by Bacteriocin
Table 3. Antibacterial activity of bacteriocin against microbial
consortium on goat skin
Sample

CFU cm-2

Control (without any treatments)

2.8 ± 0.3 × 108

Control (Nacl-50%)

1.8 ± 0.5 × 103

Bacteriocin- 1%

2.6 ± 0.6 × 108

Bacteriocin- 2%

1.9 ± 0.6 × 104

Bacteriocin-3%

6.6 ± 0.3 × 103

Bacteriocin- 4%

1.4 ± 0.3 × 102

Bacteriocin- 5%

1.0 ± 0.1 × 102

Bacteriocin- 10%

1.0 ± 0.1 × 101

Bacteriocin- 15%

No growth

Bacteriocin- 20%

No growth

The goat skins containing various bacterial growth was
preserved by bacteriocin at various concentrations level (1,
2, 3, 4, 5, 10, 15 and 20%) and was stored for 7 days.
Then the skin bacteria (viable only) was counted after
storage, which is given in Table 3. It is observed from the
table, the CFU cm-2 is reduced to the level of 1.0 ± 0.1 ×
101 for the skin that was treated with 10% bacteriocin. The
skin treated with bacteriocin at the level of 15 and 20%
shows no growth of colony and this is one of the reason
that bacteriocin is used as a preservative in skin
preservation. The pollution load generated from
bacteriocin treated skins shows reduction of pollution
loads at huge level. The Table 4 shows the comparison of
pollution load generation in both bacteriocin treated and
salt treated skins. The table shows the reduction of TDS at
the level of 94.4% and Chlorides at the level of 95.6% in

S.No
1
2
3
4
5
6

soaking process in bacteriocin treated skin sample. The
reduction of pollution load is excellent in the experimental
sample over control sample. The experiments were
optimized and the results were studied in a larger scale
and discussed in a detailed manner.
Table 4. Comparison of pollution load generation during soaking
operations for bacteriocin treated and salt treated skin
Pollution load (ppm)
Pollution Parameters
Bacteriocin
Salt treated
treated skin
skin
Bio-Chemical Oxygen Demand (BOD)

1150

1560

Chemical Oxygen Demand (COD)

1690

2820

Total Dissolved Solids (TDS)

1210

17500

Chlorides (cl)

460

10,170

3.7. Replication of Present Approach
The bacteriocin was prepared at larger quantity by
using fermenter and the preservation experiments were
carried out. Table 5 shows various preservation
experiments with bacteriocin and the properties of skin
during preservation period. It is seen from the table that
the skin treated with bacteriocin at 15% shows negative
factor of hair slip at some places but with positive factors
of putrefaction odor, easy rehydration in soaking. The
other experiments carried out with bacteriocin at 20%
show no hair slip and positive factors of the above
mentioned properties. It is confirmed that bacteriocin at
20% is very much needed to inhibit the skin isolates for
the preservation of skin. Hence bacteriocin at 20% is
optimized for commercial scale and the experiments were
repeated and the leather qualities were studied. The skins
were further processed into crust leathers.

Table 5. Various preservation experiments with bacteriocin and the properties of skin during preservation
Properties of skin
Experiments
Quantitry of Bacteriocin
(-)ve findings
(+)ve findings
Experiment 1
15%
No grain damage, No putrefaction
Hair slip found at some places
Experiment 2
15%
odor, Easy rehydration in soaking
Experiment 3
15%
Experiment 4
20%
No hair slip, No grain damage, No
putrefaction odor, Easy rehydration in
None
Experiment 5
20%
soaking
Experiment 6
20%
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Table 6. Leather quality in terms of visual assessment by 10 point ratings
Bacteriocin (20%) treated leather

Salt (50%) treated leather

Properties
10 Point ratings

Properties

10 Point ratings

Properties

Grain Properties

7± 0.5

Grain is smoother

8± 0.2

Grain is tight in structure

Softness

9± 0.3

Good softness

8± 0.5

Moderate softness

Fullness

7± 0.5

Moderate fullness

8± 0.3

Better fullness

Dyeing Property (intensity)

8± 0.2

Uniform in color, uptake is better

7± 0.5

Uniform in color but uptake is moderate

Strength

8± 0.3

Good strength

8± 0.5

Good strength

General Appearance

8± 0.5

Good

8± 0.5

Good

Table 6 shows leather quality in terms of 10 point
ratings. The experimental leather produced by bacteriocin
treated skin shows good softness, dyeing property,
strength as compared to salt produced leather. The
experimental samples are able to produce the leather
qualities as that of salt treated skin samples. It is clear that
bacteriocin treated leather shows comparable leather
quality as that of salt preserved leather.
Physical properties of the crust leathers processed from
bacteriocins treated skins shows comparable physical
Parameters
Tensile Strength (kg/cm2)
Elongation at break (%)
Tear Strength (N)
Load at grain crack (kg)
Distension at grain crack (mm)

strength properties with those of conventionally salt
preserved skin (Table 7). Similarly Figure 4 shows SEM
photographs of the leather processed from bacteriocin
treated skins. The results show that there is no much
difference in the fiber orientation of the experimental and
control samples. It confirms that the fibers of the
bacteriocin treated skins did not undergo any bacterial
degradation. From the above results, it is very clear that
there is no putrefaction damage on bacteriocin treated
skins.

Table 7. Physical strength properties of bacteriocin treated leather
Bacteriocin treated skin (Experiment)
Salt treated skin (control)
240
220
67.20
62.50
50.20
50.10
30.10
30.20
8.40
8.60

Minimum requirements
200
40
30
20
7

Figure 4. SEM Photographs of the leather preserved by Bacteriocin. a)Experiment, b) Control samples

3.8. Worker Health Safety while Handling of
Bacteriocin

4. Discussion

Bacteriocin is an extracellular fluid, which secretes out
from all lactic acid bacteria. The bacteriocin is normally
containing antimicrobial activity, which can inhibit the
growth of microorganism and is not harmful to any other
living beings including human. So, the bacteriocin can be
used for leather preservation and handling of bacteriocin
for leather preservation did not cause any health problem
to the workers. Bacteriocin can trust 100% safe in health
aspects and also no researchers have reported about the
toxicity of bacteriocin so far [18].

Most of the bacteriocin producing LAB was found in
meat and meat based food products due to high protein
content, so the chicken meat was used as sources for
isolation of potential bacteriocin producing organism of
Lactobacillus plantarum [19,20,21,22]. The Lactobacillus
plantarum strain was produced high amount of bacteriocin
and was applied for goat skin preservation. The
antibacterial activity of bacteriocin has been evaluated
against bacterial colonies associated with goat skin. In
order to determine the antibacterial efficiency of
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bacteriocin, bacteria were isolated, identified and MICs
values of bacteriocin were determined for each isolates
[23,24,25]. The results are presented in Figure 4. The
antimicrobial activity of the isolate obtained from goat
skin showed 200AU/ml for Pseudomonas aeruginosa, and
340AU/ml for Bacillus putrefaciens. The maximum
activity was recorded for Bacillus putrefaciens.
On evaluating various concentrations of bacteriocins to
inhibit the bacterial growth on goat skins, it was found
that the goat skins which got immersed in 15%
bacteriocins remained free from bacterial growth even
after 7 days storage at room temperature (29oC). This
proves that bacteriocins can be used as preservative for
skin preservation [26]. It has been shown that while
assessing any preservative material for its efficacy, the
preservative need to be bacteriocidal in first place and
then bacteriostatic in nature, so that it can inhibit all
bacteria from fresh skins as well as during the
preservation period of skins. Bacteriocin is very well used
to reduce TDS and chloride problem owing to reduction of
the same from conventional salt preservation methods.
Hence, TDS and chlorides cannot be treated through
conventional methods [27,28].
Bacteriocin helps to preserve the goat skins thereby
tanneries are able to meet environmental discharge norms
set by the authorities for TDS and chlorides by this
method [29,30]. Bacteriocin based inhibition of bacterial
growth on goat skins will overcome these environmental
constraints as it reduces more than 90% of TDS and
chlorides emission in soaking effluent. SEM studies
revealed that the leather obtained from bacteriocin treated
skin did not show any grain damage and was much better
to the goat skin treated with salt indicating that bacteriocin
had not affected the quality and texture of the goat skin.
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