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Abstract

Objectives The utilization of biotechnology in
leather sector has more extensive in modern years;
more particular to proteolytic enzymes and employed
in several steps of the leather making such as soaking,
dehairing, bating, solid waste management etc. The
current study evaluates the performance of alkaline
protease from Bacillus crolab MTCC 5468 in single
soaking of goat skins matrix by comparing with the
conventional multiple soaking processes.

Results  According to the obtained results, the opti-
mum concentration for maximum rehydration of goat
skins was accomplished at 1.0% (v/w) of alkaline
protease at duration of 3 h over traditional rehydration
method (4-6 h). The moisture level, total protein,
chloride content and total organic carbon of enzymatic
rehydration was superior to that of conventional
rehydration and it was also used to measure the
effectiveness of rehydration process. Scanning
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electron microscopic images of enzymatically pro-
cessed leather exhibits enhanced opening of fiber
bundles and smooth grain surface than conventional
method. Furthermore, the alkaline protease treated
leather exhibited improved moisture uptake, removal
of chlorides and suppleness because of hydrolysis of
non-collagenous proteins as indicated by well opened
up fiber bundles in histological analysis.

Conclusions The application of alkaline protease in
rehydration operation of leather production confirmed
scope for diminishing water quantity around 66.6%,
soaking duration at 50%, minimizing use of harmful
dehairing chemicals at 50-60%, thereby, eliminating
the bating operation during pre-tanning. These out-
comes suggest that alkaline protease have potential
application in rehydration of skins for immense
environmental concerns of leather tanning sectors.
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Introduction

The worldwide environment is increasingly deterio-
rating with period as a result of the socio-economic
activities of manhood. The manufacturing industries
more particularly leather tanning industry, cause
contrary differences in the instantaneous environment
and therefore, being dared by society. The leather
processing industry has instigated an adverse effect on
the environment. In beam house processes, leather
making comprises a sequential unit processes that can
be categorized into three groups: (i) pre-tanning,
which clean and remove non-leather making proteins
from the hide/skin; (ii) tanning process, which stabi-
lize the hides/skins; and (iii) post-tanning and finish-
ing procedures for camouflage properties to the leather
products (Thanikaivelan et al. 2005). Generally,
leather manufacturing includes numerous steps and
several chemicals are added and a variety of compo-
nents are expelled (Saikia et al. 2017). The major
problems that arise in leather making industry are
availability of good quality water and management of
effluent. Approximately 30-35 m® wastewater is dis-
posed to environment during the manufacturing of
every 1 ton of raw hides/skins by world leather
industry (Ahmed Basha et al. 2009). It is estimated that
over 600 kg of wastes is produced for every ton of
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wet-salted hide, which results in 200-300 kg of
leather (Ozgunay et al. 2007).

The leather making comprises of altering the raw
hides/skins, a greatly perishable material, into
stable leather and is appropriate for a wide variety of
end applications. The raw hides/skins is made up of
about 60% moisture content, 35% proteins (both
fibrous and non-fibrous) fats, carbohydrate moieties
and mineral salts (Zambare et al. 2013; Buljan et al.
1997). The fibrous protein collagen is the leather
creating material. The different constituents of the
animal hides/skins except the collagen are separated
often damaging to the creation of good quality
leathers. Conventionally, sodium chloride i.e., com-
mon salt (30-40%) is used for dehydration of hides/
skins. These dehydrated hides/skins are sent to leather
industries for further processing.

In leather making, the first unit operation performed
in the leather industries is the soaking or rehydration in
which the salt is removed and the goods are rehydrated
to their original condition. Rehydration is generally
accomplished either in drums or paddles. Typically,
300—400% water is used in each stage of rehydration
along with small quantities of non-ionic wetting
agents to hasten the soaking and a bactericide to
prevent bacterial attack. The first change of water is
commonly stated to as dirt soaking which removes
adhering blood, dung and partial removal of salt.
Second or third changes of water are necessary to
bring back the raw material to the original form which
eliminates complete salt and inter-fibrillar proteins
such as albumin, globulin etc. The soak liquor
discharged from traditional rehydration process which
comprises a substantial concentration of soluble
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protein, 500-1000 mg/L; fats, 80-155 mg/L; muco-
polysaccharides, 120230 mg/L; and  TDS,
30,000-70,000 mg/L (Maharaja et al. 2019). Tradi-
tionally, the rehydration takes about 8-20 h for wet
salted skins (Sharphouse 1983) and 24—48 h for dried
skins (Sarkar 1991).

Microbial enzymes have been broadly used in
leather making such as soaking, dehairing, bating and
degreasing processes. Currently, enzyme-mediated
leather processing is being employed in several
tanning industries due to its better environmental
performance (Kandasamy et al. 2012; Senthilvelan
et al. 2012). As an alternative to conventional
rehydration the eco-benign enzymatic soaking was
studied. In earlier studies, the proteolytic enzymes
obtained from A. flavus and B. subtilis were used for
soaking and some amylolytic enzymes were also seen
to exhibit rehydration properties (Kamini et al. 1999).
Benefits of enzymes during rehydration are that, this
method loosens the scud, initiates the opening up of
fiber bundles, produces wrinkle free grain surface,
improves softness, improves pliability, increases area
yield and reduces the processing time. Thus, this work
focuses on the application of alkaline protease from a
novel Bacillus crolab MTCC 5468 in single effective
rehydration of goat skins with reduced water quantity,
time duration and eliminating the bating process in
pre-tanning; thereby providing good quality leather
with environmental benefits.

Materials and methods

Materials

1. Alkaline protease acquired from novel bacteria
named Bacillus crolab MTCC 5468 was formerly
isolated in the laboratory with an accession
number HM446165 from IMTECH, Chandigarh,
India.

2. The crude alkaline protease was prepared by solid
state fermentation using single solid substrate
(wheat bran alone).

3. Raw salted goat skins for rehydration operation
were processed from local traders.

4. All the chemicals used in this work were of
analytical and commercial grade.

Methods
Alkaline protease by solid state fermentation (SSF)

The optimization parameters for maximum production
of enzyme were formerly standardized in the labora-
tory. The alkaline protease was obtained by solid state
fermentation using 500 g wheat bran alone was
moistened with 1000 mL double distilled water (i.e.
1.0:2.0 ratio) and it was autoclaved at a temperature
120 °C at 15 1bs for 15 min. The sterilized wheat bran
in tray was then inoculated with 30% (v/w) of 24 h old
bacterial culture containing a cell count of 1.9 x 107%
cells/mL prepared in nutrient broth. This was then
incubated at 37 °C for 96 h. At the end of fermentation
process, the enzyme was extracted from fermented
wheat bran using homogenization in tenfold quantity
of 0.2 M carbonate-bicarbonate buffer at pH 9.0
followed by centrifugation to obtain the crude alkaline
protease. The enzyme activity and protein content of
alkaline protease was calculated using standard meth-
ods (Ranjithkumar et al. Ranjithkumar et al. 2017a, b).

Protease assay

Proteolytic activity was measured by the Kunitz
method (1947). Concisely, to 0.9 mL of 0.2 M
carbonate- bicarbonate buffer, pH 9.0, 0.1 mL of
crude alkaline protease and 1 mL of 1% casein were
added. A 3.0 mL of 10% trichloroacetic acid (TCA)
was added to enzyme blank before adding the
substrate. The enzyme samples and the blank were
incubated for 10 min at 37 °C followed by deactivat-
ing the reaction of enzyme sample by TCA addition.
Then the samples were filtered through Whatman No.
1 filter paper. In a separate tube, a 0.1 mL aliquot of
this filtrate was made up to 1 mL using double distilled
water and to this was added 0.2 mL of copper sulphate
(6 mM), 1 mL sodium hydroxide solution (0.245 N),
1 mL sodium carbonate (4.9%) and 0.2 mL sodium
potassium tartrate (0.25%) and kept at room temper-
ature for 15 min after vortexing. To this 0.5 mL of
Folin’s phenol reagent was mixed and incubated in
dark for 20 min. After incubation, the blue color
developed was then read at 640 nm using UV-
spectrophotometer. One unit of proteolytic activity
(U) was defined as microgram of tyrosine liberated per
minute per mL of the crude enzyme under standard
assay conditions.
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Protein content of alkaline protease

Protein content of the alkaline protease was estimated by
Lowry’s method (1951). A 0.2 mL of alkaline protease
was made up to 1.0 mL using double distilled water. To
this diluted alkaline protease (crude), 0.2 mL of copper
sulphate and 1.0 mL of sodium hydroxide solution was
added. After vortexing, 1.0 mL of sodium bicarbonate
and 0.2 mL of sodium potassium tartrate were added
and incubated at room temperature for 15 min. To the
tubes 0.5 mL Folin’s phenol reagent was added and
incubated in dark for 20 min and water was used as
blank. The blue color developed was read at 640 nm in
spectrophotometer. The amount of protein present in the
crude alkaline protease was determined using bovine
serum albumin (BSA) as standard.

Application of alkaline protease in rehydration
The rehydration ability of the crude alkaline protease

was assessed at laboratory scale. Two sets of exper-
iments were carried out as shown in the Table.

S.No Experiments Process Soaking agents

Control Three soaking 1st soaking + 300%

water

I 2nd soaking + 300%
water

3rd soaking + 300%
water

11 Experiment  One soaking 0.5% enzyme

alone + 300% water

I 1.0% enzyme

alone + 300% water
v 1.5% enzyme

alone + 300% water

\'% 2.0% enzyme
alone + 300% water

Salt preserved raw goat skins were taken and cut
into five pieces of approximately 300 g (v/w) weight
each, marked as I, II, III, IV, V and was taken for
rehydration studies. Goat skin piece (I) was taken for
conventional soaking (Control) and remaining (II, III,
IV, V) for enzymatic rehydration method (Experi-
ment). Three soaking was carried out for control. In
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the first soaking, the skins were soaked in 300%
(v/w) water for one hour and the same was repeated
for additional soaking process at every 1 h interval, in
the case of control.

One time soaking was carried out for enzymatic
rehydration, where the remaining goat skins were
soaked in 300% (v/w) water with different concentra-
tions of alkaline protease from Bacillus crolab MTCC
5468 (0.5, 1.0, 1.5 and 2.0% (v/w) alone) without any
chemical additives. The percentages of inputs (protease
enzyme) were calculated based on the mass of the skin
and soaking experiment was performed at room
temperature. Rehydration was conducted by pit method
for both control and experimental goat skins and their
action on goat skin was assessed at 1 h interval.

All pieces of goat skins were observed periodically
for its rehydration, water uptake and softness of the
goat skins during soaking (up to 7 h). At the end of
every 1 h, the samples were collected and subjected to
moisture analysis, chloride and protein content.
Finally, the soaked goat skins were dehaired, limed
and tanned using standard methods given in “Ap-
pendix 1”. The chrome tanned skins were further
converted into crust leather as per the standard
methods given in “Appendix 2” and were evaluated
for their physical and organoleptic properties.

Moisture analysis

The moisture analysis of both control and experimen-
tal rehydrated skin samples was collected up to 7 h at
1 h interval were determined by A.P.H.A method
(1985). 1 g of soaked skin was taken on previously
weighed concave glass and was kept in a hot air oven
at 105 °C for about 5 h. After drying, it was cooled in a
desiccator and weighed.

The % of moisture content of the soaked goat skin
samples was calculated using the following formula

Wet weight(g) — Dry weight(g)

% Moisture = -
o lorsture Wet weight(g)

x 100

Chloride (C17) content

The salinity profile of control and experimental soak
liquor was collected at every 1 h interval and studied
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by Argentometric method. A 10 mL of processed
liquor sample were taken and neutralized using dilute
H,SO,4 (pH 7.0-8.0). To this add 1.0 mL of potassium
dichromate (K,Cr,0O5) indicator and mix well and
titrate against standard silver nitrate (AgNos) solution
till AgCrO, starts precipitating as pale red precipitate
at end point.

A—B) xNx35.45x 1000
Volume of sample

Chloride (C17) (mg/L)= (

where A is the AgNOj; required for sample, B is
AgNOj; required for blank, N is Normality of AgNOj,

Total organic carbon (TOC)

During soaking experiments, the soak liquor was
collected at every 1 h intervals and investigated the
concentration of total organic carbon (TOC) using a
TOC elementar (Model Vario SELECT 39101002
Instrument). The purpose of these assays was to detect
the elimination of organic matter (lipids, keratin and
non-collagenous proteins from the extracellular
matrix) from the goat skins and to recognize a more
effectual process for skin cleaning (De Souza and
Gutterres 2012).

Analysis of total protein content of soak liquors

After soaking, the spent liquor was collected at every
1 h interval from control and experiment soak liquor
and centrifuged at 5000 rpm for 5 min. Then the total
protein content in supernatant was estimated by
Lowry’s method (1951) using BSA as a standard.

Chrome content of tanned leathers

The chromium content of both conventional and
experimental wet blue leather was determined by
standard IUC method to estimate their chromium
uptake ability of conventional and enzymatically
processed leathers. The results were expressed on
dry weight basis of respective wet blue leathers
(Mclaughlin and Theis 1945; TUC 8 1998).

Thermal stability of leathers

The chrome tanned control and experimental leathers
were measured for shrinkage temperature according to
the standard method (IUP 2 2000; IUP 16 2000).

Water vapour permeability

The crust leather from control and experiment were
analysed for water vapour permeability and water
absorption (IULTCS/IUP15 2012; Ranjithkumar et al.
2017a).

Capillary flow porometry analysis

The crust leathers were subjected to PMI capillary
flow porometer to analyze the pore size and its
distribution (Chen and Penumadu 2006; Fernando and
Chung 2002).

Scanning electron microscopic analysis and EDX

The crust leather from control and experimental
samples were cut from the official sampling position
(TUP 2 2000) washed and fixed in formalin solution.
Then samples were dehydrated using ethyl alcohol
series and were dried. The dehydrated samples were
then gold coated using Edwards E 306 sputter coater
and were observed using FEI Quanta 200 High-
Resolution Scanning Electron Microscope. Corre-
spondingly, the control and enzyme treated crust
leathers were subjected to energy-dispersive X-ray
spectroscopy (EDX) analysis to reveal the presence of
chromium and other elements. A JEOL JSM 5300 LV
(Bruker) SEM with EDX was used to study the
elemental distribution of the leather samples.

Histological studies

After soaking, the goat skins were conventionally
dehaired and approximately 5 cm? sizes were cut from
official sampling portions and were prepared for
histological analysis using standard method (Bancroft
and Gamble 2004). Briefly, the pelt samples were
washed thoroughly with double distilled water fol-
lowed by 10% (v/w) formaldehyde fixation. After
fixation, the pelt were consecutively dehydrated with
10%, 30%, 50%, 70%, 90% and 100% (v/v) of ethyl
alcohol followed by xylene action and then dehydrated
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samples were fixed in paraffin wax. The samples were
then sectioned (6 um thickness) using microtome
instrument (Leica). Thus, sectioned samples were
stained using hematoxylin and eosin. The slides were
then microscopically observed for histological struc-
tures pattern.

Analysis of spent liquors

At the end of rehydration operation, the spent soak
liquors from both conventional and experimental
rehydration processes were collected separately and
were studied for their pollution parameters by mea-
suring different parameters such as Biological Oxygen
Demand, Chemical Oxygen Demand, Total Dissolved
Solids and Total Suspended Solids as per the standard
procedures (Clesceri et al. 1989).

Physical and organoleptic properties of crust
leathers

The samples from control and experimental crust
leathers were conditioned for 24 h at 20 °C and 65%
relative humidity as per the standard procedure. The
physical properties such as tear strength, tensile
strength and % elongation at break and grain crack
strength were measured (IUC 8, 1998). The bulk
properties of crust leathers, such as grain appearance,
grain smoothness, fullness and softness were evalu-
ated by hand and visual examination by three expe-
rienced leather technologists.

Results and discussion

Alkaline protease from Bacillus crolab MTCC
5468

The proteolytic activity of alkaline protease from
Bacillus crolab MTCC 5468 by solid state fermenta-
tion was found in the range of 38,000-42,000 U/gds
(Fig. 1) and protein content was in the range of
75-92 mg/mL (Fig. 2). The crude alkaline protease
was formerly studied at different temperatures
(25-50 °C) and pH (6-12). The temperature for both
alkaline protease production and bacterial growth was
found to be in the range of 30-45 °C, while optimum
enzyme production was perceived at 37 °C. With
respect to pH, strain growth and production of alkaline
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protease was better over a wide range of pH 8—11, with
maximal growth and enzyme activity is found at pH
9.0 (Ranjithkumar et al. 2017a, b).

Moisture content of leathers

The soaking of salted animal skins require longer
periods (5—6 h) for maximum rehydration of skins. To
reduce the soaking duration and water quantity,
alkaline proteases have been employed in this study.
The wet salted goat skins were soaked in 300%
(v/w) water (one soaking) with various quantities of
enzyme without any chemical additives and 300%
(v/w) water alone was carried out for conventional
soaking (Three soaking) and were observed intermit-
tently for its moisture uptake capability as well as the
softening of the goat skins. Results obtained showed
that, the % of moisture content was improved for 0.5%
(v/iw) and 1.0% (v/w) protease (Fig. 3). Higher
enzyme concentrations causes major removal of
soluble proteins and looseness which may lead to
decrease in the physical strength of goat skins. The
better moisture level is due to the removal of non-
leather forming proteins mainly globular proteins
present in the skin matrix (Zambare et al. 2013). So,
the most appropriate concentration of maximum
rehydration was attained at 1.0% (v/w) alkaline
protease and softening of goat skins was achieved at
3 h

One time rehydration of goat skin (Experiment)
with alkaline protease (1.0% (v/w)) results in the
better removal of inter-fibrillar materials and clean
pelt (elimination of salt, dirt, blood from the goat
skin), because of the efficient enzymatic action,
paving way for effective rehydration at 3 h, compared
to conventional method with numerous soakings with
longer duration. According to Jianzhong et al. (2013)
the rehydration conditions have been maintained at pH
9.0, with added chemical additives for effective
rehydration, while in this present study the enzymes
solely was employed without any chemical additives
and there is no separate soaking conditions to be
maintained as aforementioned. Therefore, significant
reduction of water quantity and duration of the
rehydration process was observed when alkaline
protease was employed.
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evaluated by chloride analysis in the spent soak liquor.

Chlorides content in soak liquors

Usually, sodium chloride is used to protect the fresh

goat skins from decay immediately after they are
flayed in the slaughter house (Senthilkumar et al.

The soaking efficacy of the alkaline protease from
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2011). The salt present in preserved skins has to be
removed before further processing, which is accom-
plished by rehydration, using more water in traditional
multiple soaking, thereby producing the first source of
wastewater. The salinity profile of both control and
enzymatic soak liquor are shown in Fig. 4. The results
of the salt removal of single soaking with 1.0%
(v/w) enzyme treated soak liquor was comparable to
that of 1.5 and 2.0% (v/w). Control and 0.5% (v/w)
enzyme treatment did not show significant removal of
salt, compared to other enzyme concentrations. There-
fore, the suitable concentration for maximum salt
removal was attained at 1.0% (v/w) protease enzyme.

Protein content in soak liquors

In leather processing, alkaline proteases are used to
remove elastic fibers and globular proteins. The
effectiveness of the protease enzyme can be consid-
ered by determining the hydrolysis of non-leather
making proteins from the skins (Fig. 5). The protein
content of the enzymatically treated soak liquor is
higher than that in the conventionally soak liquor. The
protein content of the experimental soak liquor
gradually increased up to 1.0% (v/w) enzyme treated
liquor. Protein content of the soak liquor which is
treated with 0.5% (v/w) enzyme is lesser when
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compared with other concentrations (1.0, 1.5 and
2.0% (v/w)). The protein content showed increasing
tendency up to 3 h; beyond which no significant
increase was observed. The maximum removal of
protein was observed in 1.0% (v/w) of enzyme treated
liquor at 3 h. The reason for the increased level of
protein content in the enzymatic soaking is due to the
removal of non-collagenous materials, facilitating
better rehydration of the goat skin matrix.

Total organic carbon

The values of total organic content (TOC) in the spent
soaking liquor were shown in the graphs (Fig. 6).
Differences in organic matter removal were observed
in the control and experiment. At the beginning (after
1 h), the enzymatic treatments showed superior per-
formance than the conventional soaking. The organic
content removal slowly increased when enzyme
concentration increased from 0.5 to 1.0% (v/w) at
every 1-h interval of enzymatic soaking than the
control. The profile indicates a correlation between
processing time and removal of soluble protein.
Increasing the enzyme concentration (2.0% (v/w))
led to an insignificant increase of organic matter
content in the spent soak liquor. This means that the
excess of enzyme does not improve the release of
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organic matter. Durga et al. (2019) reported that use of
carbohydrases (1.0% (v/w)) on rehydration of goat
skin resulted in removal of TOC ~ 11,000 mg/L in
3 h. While in the present study, the better removal of
TOC ~ 14,000 mg/L at the end of 3 h. The maxi-
mum value of total organic carbon is due to significant
removal of organic matter present in the skin matrix;
thereby, obtaining clean goat skin when alkaline
protease was employed during rehydration. Hence,
TOC analysis indicated substantial removal non-
collagenous proteins from skin matrix in the enzy-
matic soaking (1.0% (v/w)) within shorter duration
than conventional methods.

Chrome content of tanned leathers

The chrome content and shrinkage temperature of the
tanned leathers of both control and experimental was
determined and is shown in the Table 1. The results
obtained from chromium analysis of enzymatically

soaked skins were better when compared with control
skins. 1.0% (v/w) enzyme treated wet blue leathers
were comparable to that of remaining of enzyme
treated wet blue leathers. This may be due to the
opened up collagen bundles, better pore size, wherein
more number of collagen cross linking sites were
accessible for fixation with tanning operations. The
chrome content in the conventionally soaked skins
was less compared to enzymatic soaking.

Effluent analysis

The pollution parameters of both control and exper-
imental soak liquor are presented in Table 2. As seen
from the enzymatic rehydration, a substantial reduc-
tion was observed in pollution parameters such as
chemical oxygen demand (COD), Total suspended
solids and total dissolved solids over conventional
rehydration. Furthermore, the soak liquors of enzy-
matic method have shown a decrease of total solids

Table 1 Chrome content

- Experiments
and shrinkage temperature

Chrome content (Cr,03)

Shrinkage temperature (°C)

Control

0.5% enzyme
1.0% enzyme
1.5% enzyme

. 2.0% enzyme
+ Standard deviation

391 £0.2 101 £ 1.5
4.19 £ 0.1 102 £ 1.7
427 £03 104 £1.2
4.18 £ 0.2 103 + 1.4
4.10 £ 0.3 102 £ 1.6
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Table 2 Effluent parameters
Soaking process Chemical oxygen demand Total dissolved solids Total suspend solids Total solids
(ppm) (ppm) (ppm) (ppm)
Conventional 8200 £ 10 38,500 £+ 10 8500 £ 10 47,000 = 10
rehydration
Enzymatic rehydration 3500 £ 10 30,500 £+ 10 6900 + 10 26,400 £+ 10

+ Standard deviation

and COD approximately 80% and 55% of pollution
load respectively and possible to reduce 60-65%
water usage in rehydration leads to significant
decrease of effluent discharge. Additionally, the
practice of alkaline protease in rehydration process
causes the marginal reduction of dehairing compounds
such as Ca(OH), and sodium sulfide, leading to a
major reduction in the environmental pollution param-
eters. So the results obtained from enzymatic method
of leather making can be considered as a preeminent
way for eco-benign process for environment.

Water vapour permeability of crust leathers

The water vapour permeability (WVP) of both con-
ventional and experimental crust leathers are shown in
Table 3. The result indicates that WVP of the enzy-
matically soaked goat skins was better than that of the
conventionally soaked skins. In three enzyme concen-
trations such as 1.0, 1.5, 2.0% (v/w), similar WVP
values were observed and there are no significant
differences between them. Increased WVP of the
enzymatically soaked leather is due to the reason that
it results in a complete removal of non-collagenous
proteins, and well opened fiber structure leading to the
free flow of water vapour through the collagen fibers,

Table 3 Water vapour permeability of crust leathers

while avoiding the water diffusion through the crust
leather, facilitating better comfort for footwear user.
The values of WVP of enzymatically soaked leather
(1.0% (v/w) enzyme concentration) was slightly
higher than other concentrations of enzyme. WVP of
the 0.5% (v/iw) enzyme treated leather and conven-
tional crust leather was significantly low unlike other
experimental crust leathers which may be due to lesser
pore size and insufficient opening of fibers bundles.

Capillary flow porometry analysis

Capillary flow porometry (CFP) measurements have
been carried out for both conventional and enzymat-
ically processed crust leathers. The mean flow pore
diameter values are shown in the Table 4. It is evident
from Fig. 7 the experimental goat crust leather (0.5%,
1.0% 1.5% and 2% (v/w) enzyme) have pore size in
the range of 0.10-0.52 pm, 0.1-1.1 pm, 0.1-1.0 pm,
0.1-0.52 pm and 0.1-1.0 pm; whereas the conven-
tionally soaked skins showed less pore size in the
range 0.1-0.35 pum. These results indicate that the
enzyme treated leathers has better pore size over
conventional multiple soaking; probably due to the
better opening up of collagen fibres by hydrolysis of
non-collagenous proteins.

Table 4 Capillary flow porometry analysis of crust leathers

Experiments Water vapour permeability (mg/cm*/h) Experiments Mean flow pore diameter range (pm)
Control 16.10 £ 1.3 Control 0.11-0.15 £ 0.1
0.5% enzyme 18.35 £ 1.7 0.5% enzyme 0.12-0.14 £ 0.2
1.0% enzyme 20.30 £ 1.5 1.0% enzyme 0.15-0.20 £ 0.2
1.5% enzyme 19.20 £ 1.6 1.5% enzyme 0.14-0.16 £ 0.2
2.0% enzyme 19.90 &+ 1.3 2.0% enzyme 0.10-1.00 £ 0.3

+ Standard deviation

+ Standard deviation
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Fig. 7 Capillary flow porometry of crust leathers a control b 0.5% enzyme ¢ 1.0% enzyme d 1.5% enzyme and e 2.0% enzyme

Scanning electron micrograph and EDX

The surface and cross section of control and enzyme
treated crust leathers were examined at a magnification
of x 250 and micrographs are given in Figs. 8, 9. The
morphological analysis of enzymatically soaked goat
skins were comparable or slightly better than that of
conventionally soaked skins. In the conventionally
soaked skins, the grain surface was slightly rough with
moderate opening of fibre bundles. The 1.0%, 1.5% and
2.0% (v/w) enzyme treated skins displayed smooth
grain surface and better opened up fibre structure than
0.5% (v/w) enzyme treated skins. From the SEM
images it can be concluded that the fibre bundles are
loosened well and uniformly spread in enzyme treated
leather that confirmed the data obtained from histolog-
ical assessment (Fig. 9).The alkaline protease from
Bacillus crolab MTCC 5468 was able to act efficiently
on skin matrix and facilitate better removal of non-
collagenous proteins and loosening of fibre structure.
Paul et al. (2001) described that protease is well known
for hydrolyzing the inter-fibrillary non-collagenous
proteins and loosening of fibre bundles. So this is
considered as a benefit of enzymatic rehydration method
over the conventional numerous soaking processes.
The SEM-EDX investigation of control and exper-
imental leather samples were shown in Fig. 10. From
the results, the 1% (v/w) enzyme treated sample,

@ Springer

weight % of Cr is 28.73 while atomic % is 15.94
indicating relatively higher percentage of Cr as present
in the sample, when compared to control leather which
relatively absorbed lower amount of Cr, exhibiting
weight % of Cr is 17.11 while atomic % is 9.68. EDX
results expose that, enhanced chromium absorption
maybe due elimination of non-leather forming pro-
teins and well opened collagen fiber bundles within the
skin matrix; in which more number chromium uptake
in goat skin during tanning operation.

Histological analysis

The rehydration capability of the alkaline protease
from Bacillus crolab MTCC 5468 was assessed
histologically for sections of dehydrated goat skins.
The histological analysis of control and experimental
pelts are shown in Fig. 11. The opening of collagen
fibre bundles in the enzymatically soaked pelt was
better to that of conventionally soaked pelt. Addition-
ally, enzymatic rehydration facilitates the loosening of
hair. The enzymatic soaked goat skin specimens
showed empty follicles whereas the control showed
left over disintegrated hair follicles. From the results
obtained from histological analysis the 1.0% (v/w)
enzyme concentration sufficient for optimum opening
of fiber matrix of goat skins. The result implies that
alkaline protease can work as a very good soaking aid
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Fig. 8 Scanning electron micrographs of pelt samples showing the grain surface at a magnification of x 250 from a control b 0.5%
enzyme ¢ 1.0% enzyme d 1.5% enzyme and e 2.0% enzyme
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Fig. 9 Scanning electron micrographs of pelt samples showing the cross section at a magnification of x 250 from a control b 0.5%
enzyme ¢ 1.0% enzyme d 1.5% enzyme and e 2.0% enzyme

in leather making process. The application enzymatic dehairing chemicals by 30-60% (Zambare et al. 2013;

rehydration facilitates also dehairing or liming oper- Nielsen 2006).
ation of leather making which reduces the need for
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Fig. 10 SEM-EDX analysis of crust leather specimen for a control b 0.5% enzyme ¢ 1.0% enzyme d 1.5% enzyme and e 2.0% enzyme

Physical and organoleptic properties of leathers

The tear strength, tensile strength, % of elongation at
break and grain crack of crust leathers from both
control and experiment are shown in Table 5. The
properties of the enzymatically soaked goat skins (0.5,
1.0, 1.5 and 2.0 (v/w)) were comparable to that of

conventionally soaked goat skins. The properties of
enzyme treated (both 1.0% and 1.5%) and control
sample crust leather show that there was no significant
difference between them. However, tear strength, %
elongation at break and shrinkage temperature of
enzyme treated leather was considerably better when
compared to conventionally soaked goat skins. By the
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Fig. 11 Histological (H & E staining) analysis of pelt samples showing the cross section at x 20 magnification from a conventional
soaking b 0.5% enzyme ¢ 1.0% enzyme d 1.5% enzyme and e 2.0% enzyme
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Table 5 Physical characteristics of crust leather

Tensile strength (kg/cm?) % Elongation at break  Tear strength (kg/cm)  Grain crack strength

Experiments

Distension (mm)

Load (kg)

89 +03
9.1 £0.6
93+04
92+ 0.6
92+ 0.7

32 £09 29 £ 0.6

43 +£03

232 £ 0.2
235+ 0.2
240 £ 0.6
239 + 0.1
238 + 0.4

Control

35£0.38 31£03

44 £ 04

0.5% enzyme

40 + 0.6 32£05

46 £ 0.5

1.0% enzyme

39+ 05 31 £0.1

45 + 04

1.5% enzyme

39+ 0.7 31 £0.2

45 + 0.7

2.0% enzyme

+ Standard deviation

.5% enzyme
.0% enzyme
5% enzyme
.0% enzyme

Control
1
2

A,
EEH 0
1

0.0.0.90.9.9.9.9.9.9.9.9.9.9.90.9.9.
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Fig. 12 Organoleptic properties of goat crust leathers

10N

.

Conclus

results of SEM and histological analysis, on using

enzyme in the rehydration process, a better opening of

The alkaline protease from Bacillus crolab MTCC
5468 has a nature to hydrolyze non-collagenous skin

collagen bundles was observed. The evaluation of
organoleptic properties of crust leathers showed that

proteins in the skin matrix. The enzymatic processes

the rating for softness, grain flatness, smooth and

work faster than the chemical processes. From the
results, it may be concluded that when 1.0% (v/w)

enzyme was used for soaking of goat skins could be

fullness of enzymatically soaked leather was compa-
rable to the conventionally soaked leather; the grain
flatness and smoothness of enzyme treated skins are
slightly better than the control (Fig. 12). Therefore,

completed in 3 h duration with single soaking. By

adopting the enzymatic method, it is possible to reduce

using enzyme in soaking is likely to improve the

60-65% water in soaking operation. No major differ-
ences in the SEM images of the goat skins were

leather grain quality compared to that of control

leathers.

observed between the various concentrations of
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enzymes applied in soaking. However, enzymatic
soaking showed significant differences in the analysis
of the TOC and proteins in the residual baths than
conventional process. It is also found by adopting this
system of soaking, that there is no deterioration in
physical or functional properties in the resultant
leathers. Application of alkaline protease during
soaking reduced the soaking time, promoted hair
loosening, and assisted dehairing process by minimiz-
ing the use of chemicals.
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Appendix 1

The soaked goat skins from conventional were
subjected to unhairing using 3% (w/w) sodium
sulphide and lime 10% (w/w) whereas, partial unhair-
ing chemicals (sodium sulphide 1.5% (w/w) and lime
5%(w/w)) were used for experimental skins. After
unhairing all goat skins were relimed using 10% lime
and 150% water for 48—72 h. These relimed goat skins
were defleshed (sub-cutaneous tissues) using fleshing
machine. After defleshing, the skins were delimed
using 1% (w/w) ammonium chloride with 100% water
(v/iw) for 45 min in rotating drum, followed by
treatment with 1% (w/w) alkali bate for 30 min in
conventional method. After bating operation, the goat
skins were washed two times and drained out. The
washed skins were pickled using 8% (w/w) common
salt and 80% (v/w) fresh water and run for 10 min
followed by acidification using 0.5% (v/w) formic acid
was mixed with 10% (v/w) water and given for 2 feeds
at 10 min interval and run for 15 min, then 1% (v/w)
sulphuric acid was mixed with 10% (v/w) water and
given for 4 feeds at every 10 min intermission and the
drum was additional run for 60 min. The final pH of
pickled goat skin was 2.8 and the pickled skins were
tanned using 8% (w/w) basic chromium sulphate
(BCS) for 2 feed in half of the pickle bath for 90 min,
then 50% (v/w) water was added and run for 30 min.
After two feed of BCS, was basified using 1% (w/w)
sodium formate was mixed with 10% (v/w) water and

@ Springer

added to the rotating drum and then 1% (w/w) sodium
bicarbonate was mixed with 10% (v/w) water and fed
in 3 parts at 10 min intervals. Then, drum was
continuously run for more than 60 min for additional
fixing of tanning material. After chrome tanning
operation, the pH of the both liquor and wet blue
was observed to be 3.8.

Appendix 2

The wet blue leather was washed with 100% (v/w)
water in a drum for 10 min, the water was drained out
and wet blue leathers were treated with neutralizing
syntan 1% (v/w) in 100% (v/w) float in a drum and run
for 20 min. After this, 0.5% (w/w) sodium formate and
0.5% (w/w) sodium bicarbonate were added to the
running drum in 3 feeds at 10 min time interval. After
the liquor accomplished a pH of 5.0, the wet blue
leathers were washed twice with water 200% (v/w) for
10 min. After completion of washing, 100% (v/w)
water with 3% (w/w) resin syntan were added to the
drum and run for 20 min. Followed by this, dying was
carried out using 2% (w/w) acid dye for 30 min and fat
liquoring was carried out with synthetic fat liquor 4%
(w/w) in the drum for 30 min. Subsequently, mela-
mine based re-tanning syntan 4% (w/w) was added
and run for 40 min followed by the addition of
synthetic fat liquor 4% (w/w), polymeric fat liquor 3%
(w/w) and natural fat liquor oil 4% (w/w) and further
running the drum for 40 min. Finally, the auxiliaries
were leather was fixed using 2% (v/w) formic acid
diluted with 20% (v/w) water and added at 3 feeds at
every 10 min interval and the drum was further run for
30 min. After this, the leather was piled overnight and
were subjected to setting and hooked for drying. The
dried crust leathers were staked and buffed using 400
grit emery papers.
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