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Abstract

The effect of salt on the collagen of hide/skin is of great significance 
in leather-making. However, the interaction between neutral salts 
and collagen has not been clear, since the microscopic interaction 
is hard to be observed directly from the macro level of hide/skin 
collagen. In this study, the collagen solutions in the typical neutral 
salts (NaCl, CaCl2, and Na2SO4) systems were used to explore the 
interaction mechanism between neutral salts and collagen via 
combining experiments with molecular dynamics (MD) simulation. 
The results of fluorescence measurements of pyrene, dynamic light 
scattering, atomic force microscopy, and isoelectric point suggested 
that the variation of the interaction between different neutral salts 
and collagen was accompanied with the changes in physicochemical 
properties of collagen. MD simulation further revealed more 
detailed information on the interaction mechanism between neutral 
salts and collagen at the molecular level. The computational results 
of non-bond energy of the collagen-salt model boxes indicated 
that the electrostatic interactions of different salts with collagen 
molecules had the order of CaCl2> Na2SO4> NaCl. The analyses of 
the visualized conformation and the radial distribution functions 
showed that CaCl2 with Ca2+ as contributing ion tended to form 
intramolecular salt bridges with collagen, while Na2SO4 with SO4

2- 
as contributing ion more likely formed salt bridges between collagen 
molecules in the shape of agglomerates. In contrast, NaCl with Cl- 
as contributing ion was scattered around the collagen models, and 
its effect on collagen was much smaller. The study elaborated the 
interaction mechanism of typical neutral salts and collagen to be 
helpful for further understanding and improving the use of neutral 
salts in many steps involved in leather production.

Introduction

Neutral salts, as common chemicals used in leather production, 
play an important role in the production of leather with satisfactory 
mechanical, aesthetic and hygienic performance.1 The effects 
of neutral salts on pelts in leather-making processes have been 
investigated, which were known as the salt effects such as avoiding 
undesirable swelling, dispersing fiber bundles, dehydrating, and 
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reducing the thickness variance of pelts.1-3 Although the effects 
of neutral salts in leather-making processes have been known, 
the underlying interaction mechanism between neutral salts 
and collagen in leather is not fully understood. Figuring out the 
interaction mechanism between neutral salts and collagen would 
be helpful to understand the roles of salts and provide guidance to 
make full use of salts in leather-making industry.

Collagen is the main structural component within leather and 
hide/skin in the form of high-level fiber bundles.4-6 Since the 
microscopic interaction is hard to be directly observed from the 
macro level of hide/skin collagen fibers, collagen solution is a better 
option to explore the interaction mechanisms. The physicochemical 
properties of collagen, such as microstructure, thermal stability, 
isoelectric point, viscosity, fiber-forming properties, and so on, 
would be changed with the addition of neutral salts.7-11 Wei et al. 
studied the microstructure of collagen molecules in NaCl solution 
to describe the role of NaCl in pickling and tanning processes.12 
The formation of an orderly and porous microstructure was 
observed via atomic force microscope (AFM) when NaCl was 
present in collagen solution, which was considered to help improve 
the penetration of tanning agents and the mechanical property of 
leathers.12 Brown et al. investigated the effect of neutral salts on 
the hydrothermal stability of collagen, and the results suggested 
that the neutral salts appeared to bind to collagen via electrostatic 
interaction to decrease the hydrothermal stability of collagen.13 
Penkova et al. further detected the thermal stability of collagen 
varied with salt ion species as followed the order of H2PO4

-≥ SO4
2-> 

Cl-> SCN-, indicating salts had different interactions with collagen.14 
Freudenberg et al. found that CaCl2 shifted the isoelectric point 
of collagen to a higher pH, indicating calcium ions bound to the 
carboxyl groups of collagen molecules.15 Duan et al. deduced 
that the decline of collagen viscosity at low concentrations of 
NaCl solutions was attributed to the change of interaction among 
collagen molecules due to the charge screening by chloride ions.9 
Li et al. proposed that the main interaction between multivalent 
ions and collagen was ion binding and the multivalent ions could 
change collagen surface charge after investigating the fiber-
forming properties of collagen in various salts.10 These studies have 
established an association between salts and the physicochemical 

*Corresponding author email: liguoyings@163.com 
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properties of collagen solutions, which suggested that neutral salts 
had electrostatic interactions with collagen molecules and the 
interactions between salts and collagen varied with salt species. 
However, the interaction mechanism between collagen and neutral 
salts is not completely clear, and there is little information about 
the interaction mechanism at molecular level. 

Molecular dynamics (MD) simulation is an effective method to 
explore interaction mechanism of particles at molecular level.16, 17 
This technology can simulate various experimental conditions, such 
as changes in solvent, to understand the conformation changes and 
dynamic mechanisms of proteins.18 At present, MD simulation has 
been increasingly applied in research on collagen to give insight into 
the microscopic interaction mechanisms of collagen under various 
conditions.19, 20 Niu et al. explored the mechanism of collagen 
intrafibrillar mineralization via using MD simulation to analyze 
the movement data of water and ions in the collagen mineralization 
models in presence of polyelectrolyte ions.20 Ding et al. performed 
MD simulation on a chrome tanning model containing collagen 
fibrils and polychromiums, and clearly described the cross-linking 
site, topology and capacity of the cross-linkage of polychromiums 
to peptide chains.21 Bulo et al. built a collagen fibril model and 
simulated the pickling process to study the effects of neutral salts 
(NaCl, CaCl2, and Na2SO4) on the swelling behavior of fibrils 
in pickling.4 Through the RDF analysis, it confirmed that CaCl2 
and Na2SO4 had specific stabilizing effects on fibrils owing to the 
weak self-interaction of CaCl2 and the strong interactions of SO4

2- 
with the basic amino acid residues of fibrils, respectively.4 These 
studies mainly used collagen fibril models for investigation, some 
detailed information at the molecular and atomic levels could not be 
obtained. And there are few studies using a collagen molecule model 
to investigate the interaction mechanism between salts and collagen. 
A MD simulation with a collagen molecule model would be helpful 
to explore the mechanism between neutral salts and collagen with a 
deep understanding. 

In this study, the interaction mechanism between typical neutral 
salts (NaCl, CaCl2, and Na2SO4) and collagen was investigated by 
combining experiments with MD simulation. Pyrene fluorescence 
spectra, dynamic light scattering (DLS) measurements, and 
AFM were applied to characterize the effect of the neutral salts 
on the intermolecular interactions between collagen molecules 
in different salt solutions based on the aggregation behaviors of 
collagen molecules. Zeta potential measurement was performed 
to detect the change of isoelectric point (pI). MD simulation with 
a collagen molecule model was performed to get some insight into 
the interaction mechanisms between neutral salts and collagen 
at molecular level, including energy calculation, conformation 
analysis and RDF calculation. The results were expected to further 
understand and improve the use of neutral salts in many steps 
involved in leather production.

Materials and Methods

Materials 
Collagen was extracted from bovine hide following the method of 
Li et al. with a slight modification.22 Briefly, after unhairing and 
defatting pretreatments, the dermis of bovine hide was cut into 
small pieces, and the pieces were dissolved in 0.5 mol/L acetic acid 
containing 3% pepsin (1:3000) at 4°C. Type I collagen was collected 
and purified from the supernatants by centrifuging, salting out, 
redissolving, dialyzing and lyophilizing. The collagen sponge was 
stored in a desiccator for use. 

Pepsin and pyrene were purchased from Sigma Aldrich.

Preparation of Collagen Solutions with Salts
Lyophilized collagen was dissolved in 0.01 M acetic acid to obtain 
1.0 mg/mL and 3.0 mg/mL collagen stock solutions. Then the 
1.0 mg/mL collagen stock solutions were separately mixed with 
NaCl solutions at different concentrations at 4°C to finally obtain 
0.5 mg/mL collagen sample solutions containing a series of NaCl 
concentrations (0, 40, 80, 120, 160, and 200 mM). The collagen 
sample solutions containing 0–200 mM CaCl2 or Na2SO4 were 
similarly prepared by replacing NaCl with CaCl2 or Na2SO4. The 
collagen sample solution containing 0 mM salt was used as the 
control, simply called pure Col, and the collagen sample solutions 
containing NaCl, CaCl2 or Na2SO4 were called Col/NaCl, Col/
CaCl2, and Col/Na2SO4, respectively. These sample solutions were 
subjected for the subsequent measurements. And the 3.0 mg/mL 
collagen stock solutions were separately mixed with salt solutions 
to obtain 0.001–3.0 mg/mL collagen sample solutions containing 80 
mM NaCl, CaCl2, or Na2SO4, which were used for collagen critical 
aggregation concentration (CAC) measurements.  

Measurements of Pyrene Fluorescence Spectra  
Pyrene fluorescence spectra measurements were performed to 
characterize collagen aggregation state and determine the CAC 
of collagen. Fluorescence spectra measurements were performed 
according to the method of Yang et al with slight modifications.23 
Firstly, 50 μL 400 μM pyrene solution was introduced to a 25-
mL brown glass volumetric flask and gently evaporated under a 
nitrogen gas stream. Then the collagen sample solutions (pure Col, 
Col/NaCl, Col/CaCl2, and Col/Na2SO4) were separately added 
into the volumetric flasks and fully homogenized by an ultrasonic 
cleaner at 4°C. Before measurement, the solutions were kept in a 
dark place for 12 h at 4°C. Measurements were performed with a 
fluorescence spectrophotometer (F-7100, Cary Eclipse, Agilent, 
Santa Clara, California) at 25°C. All samples were excited at 343 
nm, and the emission spectra were collected from 360 to 460 nm 
with a scanning rate of 240 nm/min. In the measurements, the slits 
opening of excitation and emission were fixed at 5 nm and 2.5 nm, 
respectively. All fluorescence measurements were performed in 
triplicate.
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12 free H+ in order to accelerate the interactions between salts and 
the collagen model. The model was further refined by geometry 
optimization with a smart algorithm in Forcite module. H2O, 
CH3COO-, H+ and salt ions (Na+, Cl-, Ca2+, and SO4

2-) were also built 
and geometry optimized. 

The final simulation system for the control group (simply called 
[pure Col] system) consisted of a collagen model, 3 CH3COO-, 15 
H+, and 500 H2O, and they were randomly placed in a cubic box 
with a density of 1 g/cm3 by Amorphous cell module. NaCl, CaCl2, 
and Na2SO4 were added and randomly dispersed into the [pure Col] 
system to constitute the corresponding systems, simply called [Col/
NaCl], [Col/Na2SO4] and [Col/CaCl2] systems, respectively, and the 
number of salts added to each system was 20. The simulation boxes 
were geometry optimized by Forcite module.

Molecular Dynamics Simulation
To investigate the interaction mechanism between the salts and 
collagen, the MD simulations with an NPT ensemble (298.15 K 
and 1 atm) were carried out by Forcite module. The Dreiding force 
field was applied in the simulation, and the Berendsen barostat and 
the Nose-Hoover thermostat were used to keep the pressure and 
temperature constant, respectively. The MD simulations consisted 
of two simulations, the first one for an equilibration run and the 
latter one with 50 000 steps for a production run. All analyses were 
calculated based on the production run. The non-bond energy 
of collagen models in different salt systems was calculated and 
the conformations of collagen models in each system were used 
to analyze the interactions between collagen models and salt 
ions. The final 500 ps trajectories of the production run were for 
radial distribution function (RDF) analysis which could describe 
the distribution of the salt ions and water molecules around the 
collagen model. The RDFs of the collagen model with salt ions and 
water were obtained by choosing corresponding particles as the 
sets to calculate, and the cutoff distance between the sets for RDFs 
was 30 Å. 

Results and Discussion

Pyrene Fluorescence Spectra Analysis
As a sensitive hydrophobic fluorescent probe, pyrene can be used 
to measure the polarity of the microenvironment of solutions.25 
Since collagen aggregation was accompanied by the formation 
of hydrophobic microdomains where pyrene was located, pyrene 
fluorescence spectra can be employed to characterize collagen 
aggregation behaviors and intermolecular interactions in 
solutions.23

Figure 1A1–A3 shows the pyrene fluorescence emission spectra of 0.5 
mg/mL collagen solutions containing 0–200 mM salts (NaCl, CaCl2, 
and Na2SO4). The spectra display the four characteristic peaks at 374, 

Measurements of Dynamic Light Scattering
Dynamic light scattering (DLS) measurements were carried out 
for the size distribution of the collagen solutions. After being 
transferred to polystyrene cuvettes, the 0.5 mg/mL collagen 
solutions containing 0–200 mM salts were immediately determined 
by a Zetasizer instrument (Nano-ZS, Malvern, UK) with an angle 
detection of 90° at 25°C. All DLS measurements were carried out 
in triplicate. 

Atomic Force Microscope Measurements 
The 0.5 mg/mL collagen solutions containing 0–200 mM salts 
were diluted to 25 μg/mL for AFM measurements. Droplets of the 
diluted solutions were immediately dropped on freshly cleaved 
mica sheets and then dried at room temperature for 48 h in air. 
The microstructure of the dried samples was observed by AFM 
(Shimadzu SPM 9600, Kyoto, Japan) in the soft tapping mode with a 
scanning rate of 1HZ.

Measurements of Zeta Potential
The 0.5 mg/mL collagen solutions containing 0 mM and 80 mM 
salts were determined for zeta potential. Firstly, the pH of these 
solutions was adjusted to 4~11 with 0.2 M NaOH under ice-bath 
conditions. Then, these solutions were immediately measured for 
the zeta potential by a Zetasizer instrument (Nano-ZS, Malvern, 
UK) at 25°C. The Smoluchowski model was chosen to calculate the 
zeta potential. Each sample was determined in triplicate.

Constructions of Collagen Model and Simulation Boxes 
Collagen molecule model and simulation box constructions, and 
molecular dynamics (MD) simulation were performed by the 
Materials Studio, version 6.0 software package (Key Laboratory 
of the Ministry of Education for Advanced Catalysis Materials, 
Institute of Physical Chemistry, Zhejiang Normal University, 
Zhejiang, China). 

The amino acid sequence of bovine hide type I collagen was retrieved 
from the UniProtKB database (entry: P02453(α1), P02465(α2)). Due 
to the big length of the collagen chains, we selected a fragment of 
the collagen chains as natural collagen molecule model based on the 
content of ionizable amino acids, and its amino acid sequence was 
listed:

α1→GEQGVPGDLGAPGPSGARGERGFPGERGVQ

α2→GERGIPGEFGLPGPAGARGERGPPGESGAA

α1→GEQGVPGDLGAPGPSGARGERGFPGERGVQ

The collagen molecule model was constructed according to the 
method of the previous work in our lab with a slight modification.24 
The basic amino acid residues of the model were protonated and 
the acidic amino acid residues were dissociated accompanied with 
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380, 385 and 394 nm, indicating pyrene was stable in solutions.25 The 
intensity ratio of the first to the third vibronic peaks (I1/I3) could 
be regarded as a polarity index.25 The I1/I3 values of the collagen 
solutions containing 0–200 mM salts are listed in Table I. From Table 
I, we found that in all studied salt solutions, with increasing salt 
concentration, the I1/I3 values first increased, suggesting the decrease 
of the hydrophobic microdomains, which was correlated with the 
disaggregation of collagen molecules and the weak intermolecular 
interactions. However, with further increasing salt concentration, 
the I1/I3 values turned to decrease, indicating the enhancement of 
collagen aggregation and intermolecular interactions. Besides salt 
concentration, the I1/I3 values and aggregation behaviors were also 
affected by salt species. It was noted that the fewest hydrophobic 
microdomains and weakest aggregation behavior of collagen 
molecules were at the salt concentrations of 40 mM for Na2SO4, 120 
mM for NaCl and 160 mM for CaCl2, respectively. Compared with 

the I1/I3 values in Col/NaCl, Col/CaCl2, and Col/Na2SO4 at the same 
salt concentration, it was speculated that the collagen aggregation 
degree and interactions with salts in salt solutions had the order of 
Na2SO4> NaCl> CaCl2. Furthermore, the order was consistent with 
the ability of these salts to suppress acid swelling in leather-making, 
which may be explained by that the salts at high concentrations 
enhanced collagen intermolecular interactions, promoted collagen 
aggregation, made water between collagen molecules out and then 
led to suppress pelts swelling. NaCl had a relative moderate ability 
to promote aggregation, so it was often used to suppress swelling, 
while Na2SO4 was used to dehydrate pelts and CaCl2 was mainly 
used to disperse fibers of leather.1 From the results, it was concluded 
that collagen aggregation behavior was affected by the concentration 
and species of salts and the salts affected the electrostatic and 
hydrophobic interactions of collagen molecules since aggregation 
was the result of these interactions.  

Figure 1. Pyrene fluorescence emission spectra in 0.5 mg/mL collagen solutions containing 0–200 mM salts 
(A1–A3). A1, Col/NaCl; A2, Col/CaCl2; A3, Col/Na2SO4. Plots of the pyrene I1/I3 ratio versus the logarithm of 

the collagen concentration in 0 mM and 80 mM salts (NaCl, CaCl2, and Na2SO4) solutions at 25°C (B). 

Table I 

The I1/I3 Ratio Values of Pyrene in 0.5 mg/mL Collagen Solutions Containing 0–200 mM Salts 
(NaCl, CaCl2 and Na2SO4) and the CAC Values of Collagen in 0 mM and 80 mM Salts
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In order to further characterize the different effects caused by salt 
species, the CAC values of collagen in 0 mM and 80 mM salts were 
determined by pyrene fluorescence spectra method. The fluorescence 
spectra of 0.001–3.0 mg/mL collagen solutions with 80 mM salts also 
showed the characteristic peaks of pyrene (data not shown). The plots 
of the I1/I3 values versus the logarithm of the collagen concentration 
in different salts are presented in Figure 1B. By curve fitting the plots 
with a Boltzmann function, the concentration where the I1/I3 value 
was 50% of the initial I1/I3 value could be regarded as the CAC of 
collagen.23 The CAC values of collagen in 0 mM and 80 mM salts 
are summarized in Table I. The CAC of pure Col was 0.502 mg/mL, 
consistent with the result of Yan et al.25 The CAC values of collagen 
with 80 mM NaCl, CaCl2, and Na2SO4 were 0.667, 0.816, and 0.402 
mg/mL, respectively, indicating at 80 mM salt concentration, 
collagen molecules were induced to aggregate by Na2SO4, disperse 
slightly by NaCl and strongly disperse by CaCl2. And it further 
indicated that at 80 mM, collagen intermolecular interactions 
were enhanced by Na2SO4, weakened slightly by NaCl and strongly 
weakened by CaCl2, which implied collagen molecules had different 
interaction mechanisms with different salts. 

Dynamic Light Scattering (DLS) Analysis
DLS can characterize the size distribution of collagen molecules 
and aggregates in salt solutions (NaCl, CaCl2, and Na2SO4). Figure 
2 displays the size distribution of 0.5 mg/mL collagen solutions 
containing 0–200 mM salts. All collagen solutions show two 

distribution ranges with values of 10–150 nm (called region A) 
and 460–2670 nm (called region B), which might be ascribed to 
the collagen aggregates with various sizes and the rod-like shape of 
collagen molecule.26 Changes in the range and intensity of the two 
regions were observed in these sample solutions. For Col/NaCl (Figure 
2B1–B5), the intensity of region B decreased and region B shifted to a 
smaller size region when NaCl concentration increased from 0 mM 
to 120 mM. Whereas, when NaCl further increased to 200 mM, the 
changes in size distribution were opposite to the above changes. It 
indicated that NaCl induced the disaggregation of collagen aggregates 
at 40–120 mM, but at higher concentrations (160–200 mM) NaCl 
promoted aggregation due to the enhanced collagen interactions. 
In Figure 2C1–C4 (Col/CaCl2), region B obviously shifted to a 
smaller size region with increasing CaCl2 concentration, indicating 
collagen was dispersed by 40–160 mM CaCl2, which was ascribed to 
the increase of electrostatic repulsions between collagen molecules. 
Figure 2D2–D5 (Col/Na2SO4) shows the regions A and B both 
shifted to regions with larger particle sizes as Na2SO4 concentration 
increased, suggesting that Na2SO4 enhanced collagen interactions 
and promoted aggregation. The intensity of region B slightly reduced, 
which might be deduced that the formation of larger aggregates was 
accompanied with the disaggregation of some aggregates. The DLS 
results agreed with the results of pyrene fluorescence spectra. From 
the aspect of the aggregates size distribution, DLS results directly 
confirmed that collagen aggregation behavior and interactions could 
be modulated by these salts.

Figure 2. The size distribution of 0.5 mg/mL collagen solutions containing 0–200 mM salts by DLS at 25. A, 
pure Col; B1–B5, Col/NaCl; C1–C5, Col/CaCl2; D1–D5, Col/Na2SO4. 
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Atomic Force Microscope (AFM) Images
Figure 3 displays the AFM images and morphological changes of 
collagen in 0–200 mM salt solutions. The collagen concentration 
(0.5 mg/mL) was close to collagen CAC (0.502 mg/mL), so it could 
be observed that some collagen molecules entangled with each other 
and aggregated in Figure 3A. Figure 3B1–B3 shows a disordered and 
loose morphology of collagen at 40–120 mM NaCl, while with more 
NaCl, collagen molecules were induced to entangle tightly and form 
orderly aggregates with spaces in Figure 3B4–B5. Wei et al. reported 
a similar phenomenon and ascribed it to the dehydration effect of 
NaCl.12 Compared with NaCl, CaCl2 induced collagen molecules to 
form dispersed loose porous networks in Figure 3C1–C4, and the 
porous structure was obvious in Figure 3C5, suggesting CaCl2 had 
a dispersing effect on collagen. While Col/Na2SO4 presented tight 
entanglements with larger diameter of aggregates as presented 
in Figure 3D2–D5, especially obvious in Figure 3D5, indicating 
collagen interactions and aggregation were enhanced by Na2SO4. It 
was interesting to find that the morphology of collagen in different 
salts observed by AFM corresponded to the different effects of salts 
in leather-making. The AFM results were kept in line with the results 
of the fluorescence and DLS, and it suggested that NaCl, CaCl2 and 
Na2SO4 had different effects on the micromorphology of collagen 
aggregates and interactions.

Zeta Potential Analysis 
Zeta potential measurements were conducted to determine isoelectric 
point (pI) of collagen and further study the electrostatic interactions 
of collagen molecules in presence of salts. Figure 4 presents the zeta 
potential and pI of collagen in 0 mM and 80 mM salt solutions. 
The pI of pure Col was 7.5, similar to the result of Freudenberg et 
al.,15 and the pI values of Col/NaCl, Col/CaCl2, and Col/Na2SO4 

at 80 mM salt concentration were 6.4, 10.8 and 5.5, respectively. 
The pI and surface charge of collagen were greatly affected by salt 
species, and the effect of CaCl2 and Na2SO4 on pI was similar to the 
result of Li.10 The change of pI was correlated with the preferential 
adsorption and binding of salt ions on collagen molecules.10, 15, 27 The 
decreases of pI by NaCl and Na2SO4 implied that collagen mainly 
interacted with Cl- of NaCl and SO4

2- of Na2SO4. The preferential 
adsorption and binding of Cl- and SO4

2- on the positively charged 
residues of collagen, such as amino groups, reduced the positive 
charge of collagen, which led to the decrease of pI. At the same time 
the binding of the negative salt ions (Cl- and SO4

2-) to collagen could 
weaken the electrostatic repulsion between collagen molecules and 
promote collagen aggregation. On the contrary, the increase of pI by 
CaCl2 implied that collagen had a preferential binding with positive 
Ca2+ of CaCl2. The preferential binding of Ca2+ on the negatively 
charged residues of collagen, such as carboxyl groups, reduced the 

Figure 3. AFM height images of 0.5 mg/mL collagen solutions with 0–200 mM salts. A, pure Col;  
B1–B5, Col/NaCl; C1–C5, Col/CaCl2; D1–D5, Col/Na2SO4.
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Interactions between Collagen and Salts by Conformation 
Analysis  
Molecular dynamics (MD) simulation is an effective tool to explore 
the interactions of collagen molecules with salt ions at molecular 
level and the conformation analysis from MD simulation can make 
the interactions visualized.16, 17 The conformations of the different 
salt systems at the end of the simulation run are shown in Figure 
5. The water molecules are not shown for a better visual effect, and 
there are two collagen models in each conformation because two 
boxes are displayed. 

Figure 5 shows that in all salt systems, salt ions were around 
collagen models and had electrostatic interactions with collagen 
model. It was found that the salt ions bridged the acidic amino acid 
residues and basic amino acid residues of collagen molecules by 
intramolecular and intermolecular salt bridges, labeled in purple 
and red circles, respectively. In [Col/NaCl] system (Figure 5A), 
salt ions were scattered around collagen model, and there was an 
intermolecular salt bridge formed between the collagen models. 
By magnifying the intermolecular salt bridge in the red rectangle, 
we observed that Cl- mainly interacted with the amino groups 
of collagen models to form salt bridges. The binding of Cl- to 

collagen and the salt bridges could promote collagen interactions 
and aggregation. Figure 5B shows that in [Col/CaCl2] system, Ca2+ 

and Cl- wrapped around the collagen models with a line shape, 
and salt ions tended to form intramolecular salt bridges which 
was not beneficial for the interactions between collagen models. 
An intermolecular salt bridge was formed by CaCl2 and Ca2+ 
mainly interacted with the carboxy groups of collagen models. 
The binding of positive Ca2+ to collagen enhanced the electrostatic 
repulsions between collagen models and then promoted collagen 
dispersion. In [Col/Na2SO4] system (Figure 5C), the salt ions 
formed clusters between the collagen models, and SO4

2- mainly 
interacted with collagen models. Compared with NaCl and CaCl2, 
Na2SO4 tended to form more intermolecular salt bridges between 
collagen molecules in the shape of agglomerates, indicating 
that Na2SO4 had a stronger ability to form intermolecular salt 
bridges and promote collagen aggregation. And the negative SO4

2- 
directly interacted with the amino groups of collagen models, 
which could screen the positive charge of collagen and reduce 
electrostatic repulsion, as same as the results reported by Mertz 
et al.28 Therefore, Na2SO4 could enhance collagen interactions and 

negative charge of collagen, which led to the increase of pI. The 
binding of Ca2+ could enhance the electrostatic repulsion and inhibit 
aggregation. Compared with the monovalent salt ions (Na+ and Cl-), 
the divalent salt ions (Ca2+ and SO4

2-) had stronger interactions with 
collagen because the change of pI in Col/CaCl2 and Col/Na2SO4 was 
bigger than that in Col/NaCl.

Non-bond Energy Analysis in Different Salt Systems
The interactions between salts and collagen are non-bond interactions 
which include hydrogen bond, van der Waals and electrostatic 
interaction, so we calculated non-bond energies of collagen models 
in different salt systems to study the interactions between salts and 
collagen. The non-bond energies of collagen models in different salt 
systems are listed in Table II. As shown in Table II, the total non-
bond energy of collagen models in salt systems was lower than that 
in [pure Col] system, and the non-bond energies including hydrogen 
bond, van der Waals and electrostatic energies of collagen models 
were affected by the salts. Also, it was observed that the change in 
electrostatic energy was bigger than the change in other non-bond 
energies, indicating the salts interacted with collagen mainly via 
electrostatic interactions. The magnitude of the effects of salts on 
electrostatic energy was ranked as NaCl< Na2SO4< CaCl2, which was 
consistent with the magnitude of changes in the pI result. 

Figure 4. Zeta potential measurement of collagen in 0 mM  
and 80 mM salt solutions at 25°C.

Table II 

Non-bond Energies (kcal/mol) of Collagen Model in [pure col] System and Different Salt Systems 
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promote aggregation due to enough intermolecular salt bridges 
formed in the shape of agglomerates and the screening charge 
effect of SO4

2-. 

Radial Distribution Function Analysis 
Radial distribution function (RDF) is often used to analyze 
interactions of particles in simulation because it can describe the 
distribution and densities of the selected particles appearing around 
the collagen model.29 The RDF values are positively correlated with 
the densities of the particles and they are normalized by the average 
densities.4 We calculated RDFs to study the interactions between 
salts and collagen and the effect of salts on the hydration shell of 
collagen molecules.

The RDFs of Collagen–salt ions describe the distributions of salt 
ions around the charged amino acid residues (Glu, Asp and Arg) 
of the collagen model and they are shown in Figure 6A1–C2. All 
of the Collagen–salt ions RDFs had a peak within a distance of 5 
Å and the peak values were much larger than 1, suggesting these 
salt ions were around the ionizable amino acid residues of collagen 
and had strong electrostatic interactions with the amino acid 
residues. In [Col/NaCl] system, the density of Cl- around collagen 
was higher than that of Na+ around collagen by comparing the 
peak values in Figure 6A1 and A2, indicating Cl- of NaCl was the 
contributing ion for the interaction with collagen. The interaction 
of Cl- with collagen was also reported by Bersusan et al.30 Similarly, 
it could be inferred from Figure 6B1–C2 that Ca2+ of CaCl2 and 
SO4

2- of Na2SO4 were the contributing ions, and there were some 
studies reported the strong interaction of SO4

2- with the charged 
moieties of amino acids.28, 31 The density of Na+ around collagen 
in [Col/NaCl] system (Figure 6A1) was higher than that in [Col/
Na2SO4] system (Figure 6C1), which could be deduced that SO4

2- 
had stronger interactions with collagen than Cl-. Similarly, the 
noticeable decreased density of Cl- in the [Col/CaCl2] system 
(Figure 6B2) suggested Ca2+ had stronger interactions with collagen 
than Na+. It seemed that divalent salt ions had greater effects on 
collagen than monovalent salt ions, which was supported by the 
electrostatic energy result. The results of contributing ions based 
on RDFs were consistent with the pI results. Since the contributing 
ions of NaCl and Na2SO4 were anions, the electrostatic repulsions 
between collagen molecules could be weakened by the screening 
charge effect of salt anions, and Na2SO4 had a stronger ability to 

promote collagen interactions than NaCl. CaCl2 could enhance 
collagen electrostatic repulsions by the binding of positive Ca2+ to 
collagen and then disperse collagen. 

The RDFs of Collagen–H2O describe the distribution of water 
molecules around the collagen model in different systems and they 
are shown in Figure 6D–G. In [pure Col] system (Figure 6D), the 
first peak with a value bigger than 1 was at 3.19 Å, indicating water 
molecules were likely to appear around collagen molecules at this 
distance and it corresponded to the position of the first hydration 

Figure 5. Conformations of collagen model in various salt systems. A, [Col/
NaCl] system; B, [Col/CaCl2] system and C, [Col/Na2SO4] system. Red and 
purple circles represented intermolecular and intramolecular salt bridges, 

respectively. Pink dashed lines represented electrostatic interactions.



	 Interaction Mechanism between Neutral Salts and Collagen 	 279

JALCA, VOL. 118, 2023

shell of collagen molecules. In [Col/NaCl] system (Figure 6E), the 
first hydration shell of collagen molecules shifted to a closer distance 
from collagen, at 2.93 Å, and the first peak value was larger than 
that in the [pure Col] system. It suggested that NaCl increased the 
density of water in the first hydration shell of collagen, which was 
the result of the weakened interactions between collagen models 
by NaCl. A similar change of the first peak was found in Figure 
6F, and the change was more noticeable. Figure 6F suggested that 
CaCl2 made the first hydration shell of collagen shift to 2.03 Å and 
observably enhanced the density of water around collagen. CaCl2 

had a bigger effect on the enhancement of the hydration shell of 
collagen than NaCl, indicating collagen molecules were more 
dispersed in CaCl2 solution than in NaCl solution. The strong 
solvation effect of Ca2+ was also reported by Bulo et al.4 Contrary 
to NaCl and CaCl2, as depicted in Figure 6.G, Na2SO4 reduced the 
density of water in the first hydration shell of collagen and then 
excluded the water to a farther distance from collagen, at 11.79 
Å, which corresponded to the position of the second hydration 
shell. It may be attributed to that Na2SO4 enhanced collagen 
intermolecular interactions, which made water move outward. The 
results of Collagen–H2O RDF suggested that the density of water 
in the first hydration shell of collagen was increased a little by NaCl 
and clearly increased by CaCl2, while clearly decreased by Na2SO4, 
which was correlated with different interactions of the salts with 
collagen.  

The interaction mechanism between typical neutral salts (NaCl, 
CaCl2, and Na2SO4) and collagen was investigated, which was 
helpful for understanding the different roles of the salts in leather-
making. The results revealed that Ca2+ of CaCl2, SO4

2- of Na2SO4, 
and Cl- of NaCl were the contributing ions for the interactions 
of the salts with collagen. CaCl2 tended to form intramolecular 
salt bridges with collagen and the binding of Ca2+ enhanced the 
electrostatic repulsions among collagen molecules, which could 
widen the distance between collagen molecules and induce 
collagen to form loose porous networks. At the same time, more 
water was attracted to appear around collagen in the presence of 
CaCl2. Then, as a result, collagen fibers and fiber bundles could 
be dispersed and opened up by CaCl2. Gao et al. also reported 
that Ca2+ could widen the distance between fibers and disperse 
fibers, but Ca2+ also could make fibers swell and expand.32 Na2SO4 
obviously promoted collagen aggregation owing to clustered 
intermolecular salt bridges formed between collagen molecules 
and the weakened electrostatic repulsions by binding of SO4

2-. 
Na2SO4 induced collagen to aggregate tightly, which could make 
water between collagen move outward, so Na2SO4 could dehydrate 
collagen fibers and fiber bundles. Owing to the strong ability of 
Na2SO4 to dehydrate and promote aggregation, fibers and fiber 
bundles might be not fully dispersed. Zhang et al. found that 
the opening effect of SO4

2- on fiber bundles was not satisfying.33 
Compared with CaCl2 and Na2SO4, NaCl had a moderate ability 

Figure 6. RDFs of collagen model with salt ions (A1–C2) and water (D–G) in different systems. A1, A2, E,  
[Col/NaCl] system; B1, B2, F, [Col/CaCl2] system; C1, C2, G, [Col/Na2SO4] system; D, [pure Col] system.
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to promote collagen aggregation and could induce collagen to 
form orderly aggregates with spaces, which could make water 
move outward. So when NaCl with high concentration was used 
in pickling, fibers would not be swollen and fiber bundles would 
be dispersed, which was beneficial for producing leather with good 
mechanical and hygienic performance.2,5 Fibers and fiber bundles 
could be fully dispersed by CaCl2, while fully dehydrated by 
Na2SO4, and moderately dispersed and dehydrated by NaCl. 

Conclusion

The interaction mechanism between typical neutral salts (NaCl, 
CaCl2, and Na2SO4) and collagen was investigated by combining 
experiments and MD simulation. The experimental results 
(Pyrene fluorescence spectra, DLS, AFM, and pI) indicated that 
the variation of the interaction between different neutral salts and 
collagen was accompanied with the changes in physicochemical 
properties of collagen. MD simulation further revealed that 
the electrostatic interactions of different salts with collagen 
molecules had the order of CaCl2>Na2SO4>NaCl. Ca2+ of CaCl2, 
SO4

2- of Na2SO4, and Cl- of NaCl were the contributing ions for 
the interactions of the salts with collagen. CaCl2 tended to form 
intramolecular salt bridges with collagen and the binding of Ca2+ 
enhanced the electrostatic repulsions among collagen molecules, 
which led to the dispersing effect of CaCl2. Na2SO4 tended to 
form intermolecular salt bridges between collagen molecules in 
the shape of agglomerates and the binding of SO4

2- weakened the 
electrostatic repulsions, which promoted collagen interactions. 
NaCl was scattered around the collagen models, and its effect on 
collagen was much smaller. MD simulation with a natural collagen 
molecule model shed light on the mechanism between neutral 
salts and collagen at the molecular level. The results would provide 
guidance for further understanding and improving the use of 
neutral salts in the leather production. 
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Abstract

Sorting and aligning of crust leather for grading on position wise 
defect distribution is one of the methods adopted in the tanning 
industry. This method is generally carried out manually by a veteran 
on official sampling position and their input is critical because it 
is directly linked to sales of the crust leather. The opinion of the 
experts is believed to be stable and consumes a good amount of time 
too. Hence, in the current research a robust defect detection method 
and ranking of crust leather images based on image processing 
techniques is proposed to give a stable solution in a short span of 
time. A custom-made dataset of crust leather images consisting of 
5640 images were used in this study.  The pixel intensity has been 
extracted on demarcated position of various regions including neck, 
belly left, belly right, center and butt instead of official sampling 
position through horizontal and vertical mapping of coordinates with 
a new method Grading Score on Image Position wise (GSIP) on the 
actual images. The image processing techniques using Canny Edge 
Detection and filters such as Laplacian, Median, Prewitt, Roberts, 
Sobel and Scharr were implemented to get the pixel intensity grouped 
and classified based on parameters within acceptable range using a 
Naïve Bayes Classifier. The classifier confirms that the accuracy of Set 
I - Actual Images and Set II - Defects with implementation of canny 
edge detection over other image processing techniques at 99.50%. 
Therefore, the current research confirms that the proposed GSIP 
method would give an additional tool to inspectors while ranking 
the crust leather based on region wise surface level defect detection 
of crust leather images based on image processing techniques.

Introduction

Leather is a by-product of the meat industry and annually the 
international trade is estimated to be about US$ 80 billion.1 The 
conventional process associated in making leather starts from the 
initial stage of collection of raw hides & skins, then soaking, liming, 
fiber opening (re-liming), fleshing, deliming, pickling, chrome 
tanning, splitting & shaving, post tanning (crust leather)2 and 
ends up with the stage called finishing.3 Finished leather is further 
processed for the making of leather footwear, leather garments, 
leather goods and saddlery & harness. The value of the finished 
leather is determined depending upon the observations4 made on 

the surface on official sampling positions of the crust leather. The 
role of inspectors is to observe the surface level5 and it is the key 
which basically determines the value of the finished leather. Experts 
usually segregate upon the ranking like 1, 2, 3, 4, 5, 6, 7 and R.  
Normally, the rank 1-2 will go into high-end products, 3-4 will go 
into mid-range products and 5-6 will go for low range products and 
the R will be considered for direct rejection.6,7 

To extract some useful information, the image processing technique 
is applied on an image with Edge Detection and Filters.  Yang Liu 
et al.8 has presented an adaptive, robust and effective edge detector 
and described edge points as strong edge, pixels, weak edge pixels 
and non-edge pixels depend on the gradients while segmentation 
with Canny algorithm. Gandhi et al.9 applied Canny edge detection 
on images of letters placed on ground and captured through drone 
cameras. The Canny edge detector10 goes a step further by employing 
non-maximum suppression to extract a thinner contour and applying 
the double threshold algorithm to get the weak edges. However, 
it is difficult to get a suitable threshold, especially in a dynamic 
environment where the background changes rapidly. To extract the 
structural details Canny edge detection11 technique is applied based 
on double threshold algorithm to extract a thinner contour even on 
the weak edges in all real edges which is shown in Equation 1.

	 ▼ (Ga * Im) where Ga: Gaussian and Im: Image	 (1)

Filters such as Laplacian, Median, Sobel, Roberts, Scharr and Prewitt 
detect pixels with brightness, colors and gradients to reduce noise.12 
Laplacian enhances the edges of an image with pixel intensity values.  
Median filter reduces noise in an image based on pixel intensities. 
The Sobel calculates the gradient of image intensity on regions of 
high spatial level of each pixel.  Roberts detect the edge of the image. 
Scharr detects edges deriving by pixel intensity corresponding to 
gradient edges. Prewitt detects edges based on the pixel intensities 
of an image in horizontal and vertical directions.

Aslam, M., et al.13 have reported on inspection methods based on 
leather surface defects based on deep learning methods. They 
have mentioned that the market value will be reduced based on 
significant defects present in raw hides and leather as per the sub-
divisions of a hide such as Head, Shoulder, Bend, Belly, Side, Crop, 
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Back, Croupon, Dosset and Culatta. Lai, K., et al.14 have presented 
an automated vision system intending to detect and classify surface 
defects in steel plate. Authors implemented Sobel filter for detecting 
edges and adopted fuzzy neural network for the defect classification. 

Gong, R., et al.15 have proposed a classifier support vector hyper-
spheres with insensitivity to noise (INSVHs) on steel plate surface 
defects such as hole, scratch, bruise, wave, scarring and scale based 
on region of defects. Hu, L., et al.16 have developed a new method to 
identify steel-plate surface defects such as Common defects consisting 
of Bumps, Scratches & Oil Spots and non-common defects consisting 
of Stains & Dirtiness.  They have implemented synthetic minority 
over-sampling technique (SMOTE) and AdaBoost.BK algorithm. 

Suvdaa, B., et al.17 have proposed a framework for exact defect points 
by forming a single image on the basis of feature vectors in steel 
surface using Scale Invariant Feature Transform for defects detection 
and Support Vector Machines for defects classification. Villar, P., et 
al.18 have proposed an automatic method for defect classification of 
the Wet Blue leather from the Gray Scale image, the RGB and HSV 
color model. The features were extracted based on the Sequential 
Forward Selection method and classification was implemented 
using a Supervised Neural Network. 

Pistori, H., et al.19 have suggested defect detection in raw hide and wet 
blue leather having four different defects such as brand marks, tick 
marks, cuts and scabies through demerit count reference standard 
for leather raw hides. They have implemented two tailed, t-student 
test while classification using support vector machines. Vasagam, 
S.N., et al.20 have presented the options of defects Identification 
of Crust Leathers using Computer-aided Grading by calculating 

position of defects, extent of defects and the distribution of defects 
with a Logical table for objective grading.

Liong, S.T., et al.21 have proposed instance segmentation to distinguish 
whether the leather sample contains a defective part or not using deep 
learning to classify the three-categories of leather images. Jian, L., et 
al.22 have proposed using Feed-forward Neural Network (FNN) by 
combining decision trees in defect detection and classify the leather 
based on surface defects of shape, texture and color. Bong, H.Q., et 
al.23 has introduced an automated vision-based system which consists 
of an image grabbing mechanism on locating position of the leather 
defects by classifying based on color, shape and texture using the 
classifier SVM. 

Sornam, M. and Vasagam, S.N.24 had suggested a model to group the 
Intermittent Leather Images using Linear Discriminant Model as per 
the category of normal leather and defective leather based on surface 
level features such as base color, other than base color, share of regions, 
share of cutting area, share of cutting value, position wise length and 
position wise breadth. Xie, X., et al.25 has proposed an improved image 
matching algorithm of defects by describing spatial signals on navel 
orange surface based on compressed sensing by combining of wavelet 
transform (WT) and speeded up robust features (SURF). 

Aslam, Y., et al.26 has proposed an automatic segmentation and 
quantification approach for inspecting defects on Metal from 
digital images consisting of input image and ground truth using 
convolutional neural network (CNN) approach.  Vasagam, S.N. and 
Sornam, M.27 has proposed an Intermittent Leather Defect Detection 
based on Outer and Inner radius using Leather Image Surface 
Feature Extraction LISFE derived from Black Hat transformation 

Table I

Summary of Authors, Techniques and Area

S. No Authors Name of the Technique/method Area / Material

1. Aslam, M., et al.13 Deep Learning Methods Wet blue leather

2. Lai, K., et al.14 Automated Vision System Steel

3. Gong, R., et al.15 Support Vector Hyper-Spheres with Insensitivity to Noise Steel

4. Hu, L., et al.16 New method to identify steel-plate surface defect Steel

5. Suvdaa, B., et al.17 Scale Invariant Feature Transform and Support Vector Machines Steel

6. Villar, P., et al.18 Sequential Forward Selection method and Supervised Neural Network Wet Blue leather

7. Pistori, H., et al.19 Sequential Forward Selection and Supervised Neural Network Raw hide and wet blue leather

8. Vasagam, S.N., et al.20 Computer Aided Grading Crust Leather

9. Liong, S.T., et al.21 Instance segmentation Leather

10. Jian, L., et al.22 Feed-forward Neural Network Leather

11. Bong, H.Q., et al.23 Support Vector Machines Leather

12. Sornam, M. and Vasagam, S.N.,24 Linear Discriminant Model Intermittent Leather

13. Xie, X., et al.25 Wavelet Transform and Speeded Up Robust Features Orange

14. Aslam, Y., et al.26 Convolutional Neural Network Metal

15. Vasagam, S.N. and Sornam, M.,27 Ensemble Algorithms Intermittent Leather
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and Hough transformation. The majority of the research discussed 
as shown in Table I in this field had explored classifying the images 
on the basis of surface level. It shows the importance of studying the 
images on the surface and indicates that there exists an ample scope 
in determining the surface level defect detection on region wise on 
crust leather images based on image processing techniques.

•	 �The authors in the research article have set an objective to give 
emphasis on region wise surface level defect detection instead of 
official sampling position and then ranking of the leather images 
on the basis of position of the region using image processing 
techniques. The contributions of authors are given below.

•	 �A custom-made dataset of crust leather images consisting 
of 5640 images consisting of two datasets. Dataset I consists 
of the original images with truth values, original images 
applied with Canny Edge Detection and also from Filters such 
as Laplacian, Median, Prewitt, Roberts, Sobel and Scharr. 
Dataset II consists of original images with truth values and 
original images applied with Canny Edge Detection. 

•	 �Pixel intensity has been extracted on five regions based on 
Horizontal and Vertical mapping of coordinates.

•	 �Ranking of crust leather image has been implemented from 
the extracted feature with the proposed method called 
Grading Score on Image Position wise (GSIP).

•	 �Classification of ranking by grouping them as “within the 
acceptable Range” or “Not within the acceptable Range” 
based on the threshold value set as the individual rank which 
is less than or equal to threshold value of four with Naïve 
Bayes classifier.

The manuscript has covered the remaining sections of Methodology, 
Results & Discussions in the following sections which is represented 
in Figure 1 and working model is shown in Figure 2. 

1.	 �Creation of Dataset I and II

2.	 �Implementation of contour of five regions and applied Canny 
Edge Detection & Other Filters

3.	 �Feature extracted based on Horizontal and Vertical mapping 
of coordinates

4.	 �Generation of Ranking Matrix of crust leather image from the 
extracted feature with the proposed method called Grading 
Score on Image Position wise (GSIP)

5.	 �Classification of ranking by grouping them as “within the 
acceptable Range” or “Not within the acceptable Range” 
based on Naïve Bayes Classifier.

Figure 1. Workflow

Figure 2. Working Model
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Methodology

A.	 �Dataset of Crust leather images: Image dataset of Crust 
leather images in the Set I and Set II consisted of 4872 and 
768 respectively. These images were originally taken using a 
Konica camera and cropped into the size of 250 x 250 with 
72 dpi for Set I and 300 x 300 with 96 dpi for Set II. In the 
Set I image, dataset is consisting of image filtered from actual 
images from filters such as Laplacian, Median, Sobel, Roberts, 
Scharr and Prewitt as shown in Figure 3. 

B.	 �Region wise Horizontal and Vertical Mapping - Feature 
Extraction: In general, the experts who do the sorting will 
look into the areas of official sampling position and cutting 
area consisting of the Neck, Belly, and, Butt positions in the 
hide/skin.28  The region of interest of the sorting person is 
mostly depending on the official sampling position on the hide 
or skin. Gogaev, O.K. and Demurova, A.R.,29 had studied on 
thickness on the belly region and also mentioned about other 
regions such as neck, shoulder and thigh. Dagnew, N., et al.30 
studied differences between Butt, Neck and Belly Regions 

while making an assessment of histology and biochemical 
properties of sheep skin. Basil-Jones, M.M., et al.31 measured 
edge-on the three positions namely Belly, official sampling 
position and, neck.  In line with this, the current study has 
introduced a new method for defect detection on the five 
positions of the hide/skin namely Neck (N), Belly Left (BL), 
Belly Right (BR), Centre (C) and Butt (BT). The conventional 
sampling method is shown in Figure 4a and the proposed 
surface-based sampling is shown in Figure 4b.

Every pixel in each and every region was applied with binary 
threshold in identifying the boundaries of the particular shape 
which is otherwise called contours and stores the coordinates of 
row and column.  Accordingly, the Class Label (Ci) for horizontal 
(Rowi) and vertical (Columnj) is calculated as shown in the 
Equation 2.

	 Cij = (Rowi, Columnj 	 (2) 

where Ci: Image Cropping in line with co-ordinates  
of ith  row and jth column

Figure 3. Sample image and filtered images Workflow

Actual Image Canny Edge 
applied image

Laplacian filter 
applied image

Median filter 
applied image

Sobel filter 
applied image

Roberts filter 
applied image

Scharr filter 
applied image

Prewitt filter 
applied image

Figure 4a. Demarcated position of various regions within the hide  
for official sampling position

Figure 4b. Demarcated position of various regions within the hide  
for surface defect detection
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about 87.88% and as per the grading mentioned in the Table III, it 
fits in the grade 4.

Yeh et al.,32 had suggested methods are contrast method through 
histogram, internal color level method, external color level method 
and fuzzy method is by establishing a demerit count between physical 
unusable area calculation and unusable region defect grouping 
based on the percentage share of unusable area. However, they have 
commented that there is no stable method and for classifying the wet 
blue hide have been done using the Table IV. As per the table, if the 
area is above 8750 pixels, the grade will be allotted as 4. Establishing 
a Demerit Count Reference Standard33 for the Classification and 
Grading of Leather Hides.

The mapping of pixel points at each and every region is designed as 
shown in Table I and Table II for three regions. The image cropping 
is implemented for the Region 1, the ith and jth values are equal as it 
becomes the starting point, for the Region 2, ith value becomes row 
size and jth value as 1 as this is the mid-point and for the Region 3, the 
ith value becomes row size multiplied by 2 and jth value as 1 becomes 
last point.

Generation of Ranking Matrix:
In generation of ranking, the label values of Horizontal and vertical 
class values are mapped with the possible probabilities which is 
derived from the threshold value of the image.  The cutting area is 

Table I

Sample 6×6 Matrix representation of pixel points where i is row,  
j is column and n represent the size = 6

(1.1) (1.2) (1.3) (1.4) (1.5) (1.6)

(2.1) (2.2) (2.3) (2.4) (2.5) (2.6)

(3.1) (3.2) (3.3) (3.4) (3.5) (3.6)

(4.1) (4.2) (4.3) (4.4) (4.5) (4.6)

(5.1) (5.2) (5.3) (5.4) (5.5) (5.6)

(6.1) (6.2) (6.3) (6.4) (6.5) (6.6)

Table II

Representation of three region mapping of pixel point as Row Size (RS) = n/3

Region 1 Region 2 Region 3

Where i=1, j=1
Row count start = i

Row cound end = RS
Column Count Start = i
Column Count end = j

Where  i=RS, j=1
Row count start = i

Row cound end = RS * 2
Column Count Start = j
Column Count end = n

Where i=RS * 2, j=1
Row count start = i
Row cound end = j

Column Count Start = j
Column Count end = n

Table III

Cutting area and corresponding Grading

Grade Cutting Area 

1 100 %

2 95%

3 90%

4 85%

5 80%

6 70%

R <70%

Table IV

Intermittent Leather grading based on area of usefulness  
based on demerit count

Grade or Rank Area of usefulness

1 <2500

2 2500 to <5000

3 5000 to < 8750

4 >= 8750
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Label values of ClassLabelHor, and ClassLabelVer are derived 
based on the pixel intensity value associated with respect of the co-
ordinates of horizontal (Rowi) and vertical (Columnj) as stated in 
Table V. 

Grading Score on Image Position wise (GSIP) ranking the Crust 
leather image based on the Algorithm I. The ClassRank value is 
carried with the input value of Horizontal and Vertical as per the 
equation (3) and (4). GSIP is predominately considering the useful 
area present in the Center region. Accordingly, based on the possible 

probabilities of the N, BL, BR, C and BT, RankClass Label is created 
with the ranking such as 1, 2, 3, 4, 5, 6, 7 and 8.

	 ClassLabelHor = I < 2 where I is the intensity value	 (3)

	 ClassLabelVer = J < 5 where J is the intensity value	 (4)

Where I and J is represents P(N), P(BR), P(BR), P(C),  
P(BT), P(N), P(BR), P(BR), P(C), P(BT) which are  

Pixel intensity value of Neck, Belly Left, Belly Right,  
Centre and Butt respectively.

Algorithm I : Rank Calculation:

  Step 1: Input ClassLabelHor, ClassLabelVer

  Step 2: �if ClassLabelHor and ClassLabelVer are same then ClassRank = either 
ClassLabelHor nor ClassLabelVer

  Step 3: �otherwise ClassRank will be maximum value of either ClassLabelHor nor 
ClassLabelVer

Table V

Ranking based on Pixel intensity value associated with the co-ordinates of horizontal (Rowi) and vertical (Columnj)

P(N)  
<=2 for horizontal 

<=5 for vertical

P(BL)  
<=2 for horizontal 

<=5 for vertical

P(C)  
<=2 for horizontal 

<=5 for vertical

P(BL)  
<= 2 for horizontal 

<=5 for vertical

P(BR)  
<= 2 for horizontal 

<=5 for vertical

ClassLabelHor /  
ClassLabelVer

Yes Yes Yes Yes Yes 1

Yes Yes Yes Yes No 2

Yes Yes Yes No Yes 2

Yes Yes Yes No No 3

Yes No Yes Yes Yes 2

Yes No Yes Yes No 3

Yes No Yes No Yes 3

Yes Yes Yes No No 4

No Yes Yes Yes Yes 2

No Yes Yes Yes No 3

No Yes Yes No Yes 3

No Yes Yes No No 4

No No Yes Yes Yes 3

No No Yes Yes No 4

No No Yes No Yes 4

No No Yes No No 5

Yes Yes No Yes Yes 6

Yes Yes No Yes No 7

Yes Yes No No Yes 7

Yes Yes No No No 8

Yes No No No No 8

Yes No No Yes Yes 6

No Yes No Yes Yes 7

No No No No No 8
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Classification with Naive Bayes:
Shi, Y., et al.34 had proposed a jamming identification scheme based 
on small data driven Naive Bayes classifier. For the classification 
using Naive Bayes classifier, the ranks are grouped into two cases, the 
first case as “within the acceptable Range” having the value less than 
or equal to 4 and the alternative case having the value more than 8 as 
“Not within the acceptable Range” corresponding to an image.

Results & Discussions

Initially the original crust image of Set I are applied with Canny 
Edge Detection and also filtered with Filters such as Laplacian, 
Median, Prewitt, Roberts, Sobel, Scharr. After which as stated 
in Table VI, the Contour of the images are identified on the five 

 Table VII

Demarcated position of various regions within the hide for surface defect detection

Actual Image Neck region Belly Left side region Centre region Butt region Belly Right side region

(A)

(B)

(C)

(D)

Table VI 

Coordinates for an image of 250 × 250

Region / Area Row Column Height Width

Neck 1 1 10 250

Belly Left side 1 11 200 50

Centre 50 11 200 150

Butt 1 211 40 250

Belly Right side 201 11 200 50

positions consisting of Neck, Belly Right, Belly Left, Butt and 
Center. Then each and every image is broken into five parts as per 
the anatomy of the animal to identify the Contour of five regions 
based on the horizontal and vertical coordinates.
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The sample images of (A) Camera Man, (B) Leena, (C) Hide image 
and (D) Prewitt Filtered image are given in the table VII as per the 
demarcated position of various regions consisting of Neck region, 
Belly Left side region, Centre region, Butt region, and Belly Right 
side region. 

The table VIII shows the Probabilities and various Position with 
Ranking Matrix of Dataset I and II generated from Algorithm 
I whereas initially the ranking is generated for Dataset I and it is 
observed from the Table VIII that the canny implemented Set I - 
Actual Images Applied with Canny confirms significantly working 
well over other dataset I filters with the Set I - Actual Images 
with Truth Values. Hence, in the dataset II, only the Canny edge 
detection is implemented and it also confirms significantly that out 
of 384 defect-based images to an extend of maximum. Once again 

it is confirming that the Canny edge detection-based filtering is 
significantly working well. A sample of the output is shown in Figure 
5 Position with Ranking Matrix for the corresponding column and 
row of regions. 

The Ranking of Dataset I and II are grouped into two categories 
namely within the acceptable range and not in the acceptable range 
which is derived from the ClassRank having less than 5. The GSIP 
is applied on the identified dataset is shown in Figure 6.  According 
to the chosen dataset, the rank 8 covers maximum. The result shows 
that the defect classification with respect to Set I- Actual Images, 
Set I- Actual Images with Canny are better than of Set I – Laplacian 
Filter applied in Actual Image, Set I – Median Filter applied in Actual 
Image,  Set I – Prewitt Filter applied in Actual Image, Set I – Roberts 
Filter applied in Actual Image, Set I – Sobel Filter applied in Actual 

Img count_no_N rowwisecount_N count_no_BT rowwisecount_BT count_no_C rowwisecount_C count_no_BL rowwisecount_BL count_no_BR rowwisecount_BR ClassLabelHor ClassLabelVer
1 2 37 1 5 1 37 1 5 1 5 1 7
2 1 5 1 5 1 5 1 5 1 5 1 1
3 1 5 1 5 1 5 1 5 1 5 1 1
4 1 5 1 5 1 5 1 5 1 5 1 1
5 5 36 3 5 1 260 1 140 2 82 3 8
6 1 40 1 117 1 57 1 85 1 18 1 8
7 8 57 1 224 1 249 1 110 1 92 2 8
8 3 5 1 73 1 64 2 153 1 45 2 8
9 1 5 1 5 1 25 1 42 2 25 1 8

10 1 5 1 27 1 5 1 62 1 5 1 3
11 1 5 1 5 1 20 1 5 1 5 1 6
12 2 9 1 18 1 12 1 10 1 5 1 8
13 1 5 1 18 1 5 1 5 1 5 1 2
14 1 5 1 5 1 5 1 5 1 5 1 1
15 1 5 3 277 4 122 4 156 1 33 8 8
16 1 5 1 14 1 5 1 10 1 5 1 3
17 1 5 1 5 1 5 1 5 1 5 1 1
18 2 17 2 90 3 20 1 13 1 63 6 8

Figure 5. output derived from the Algorithm I

Table VIII

Ranking of Dataset I and II

Data Set I & II / Ranking Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Rank 6 Rank 7 Rank 8

Set I - Actual Images with Truth Values 564 33 1 0 0 9 2 0

Set I - Actual Images Applied with Canny 0 0 92 504 4 1 0 8

Set I – Laplacian Filter Applied in Actual Image 54 6 3 1 1 4 0 540

Set I – Median Filter Applied in Actual Image 23 21 3 0 1 4 0 557

Set I – Prewitt Filter Applied in Actual Image 34 12 11 1 5 7 4 535

Set I – Roberts Filter Applied in Actual Image 51 10 7 2 1 6 4 528

Set I – Sobel Filter Applied in Actual Image 35 14 11 5 3 4 4 533

Set I – Scharr Filter Applied In Actual Image 39 10 7 2 2 5 1 543

Set -II - Defects Truth Values 37 16 7 1 1 5 3 314

Set -II - Defects Canny 0 1 0 0 0 0 0 383
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Table IX

Naïve Bayes Classifier Comparison of various image files

Dataset Within  
acceptable range

Not within the 
acceptable range

Classification 
Accuracy

Set I - Actual Images with Human 598 11 0.99

Set I - Actual Images with Canny 596 13 0.995

Set I – Laplacian Filter applied in Actual Image 64 545 1

Set I – Median Filter applied in Actual Image 47 562 1

Set I – Prewitt Filter applied in Actual Image 58 551 0.985

Set I – Roberts Filter applied in Actual Image 70 539 0.99

Set I – Sobel Filter applied in Actual Image 65 544 0.99

Set I – Scharr Filter applied in Actual Image 58 551 0.99

Set -II - Defects Human 61 323 0.945

Set -II - Defects Canny 1 383 0.995

Figure 6. The GSIP chart of the dataset I and II 
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Image and Set I – Scharr Filter applied in Actual Image. In the case 
of Set II, classification of Set II – Actual Images and Set II – Actual 
Images with Defect implemented Canny.

Comparison of Naïve Bayes Classifier is shown in Table IX 
confirming the significant accuracy of Set I - Actual Images and 
Set II - Defects with implementation of canny edge detection over 
other image processing techniques at 99.50%. Moreover, among 
the filters applied in Set I, the sobel filter is also performing better 
than other filters at 91.17%. Hence, current study confirms that the 
proposed GSIP based ranking in detecting the surface based defect 
is significant as per the demarcated position of five regions within 
the hide for surface defect detection.

Conclusion

The proposed ranking matrix on the basis of demarcated position 
of five regions within the hide for surface defect detection namely 
Neck, Belly Left, Belly Right, Center, and Butt using Grading 
Score on Image Position wise (GSIP) is significantly performing 
as the accuracy of Set I - Actual Images and Set -II - Defects with 
implementation of canny edge detection over other image processing 
techniques at 99.50% for the dataset consisting of 5640 images  using 
Naïve Bayes Classifier in this research article. Hence, current study 
confirms that the demarcated position of five regions and ranking 
would give an additional tool to inspectors while ranking the Crust 
leather.
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Abstract

Isolation and identification of protease and lipase producing 
moderately halophilic bacteria from soak liquor samples and 
studying their adverse effects to the sheepskin using scanning 
electron microscopy may provide critical data on decomposition of 
raw hide/skin materials during soaking process. Moreover, enzyme-
production properties of the moderately halophilic isolates (such 
as catalase, oxidase, lipase, protease, urease, caseinase, amylase, 
cellulase, pullulanase, xylanase) were determined. The effects of 
different NaCl concentrations, pH and temperature values on the 
growth of moderately halophilic bacterial isolates were tested. In 
the present study, four moderately halophilic bacterial isolates 
were isolated and selected for further experiments. The isolated 
species designated as SLMHB5, SLMHB10, SLMHB12, SLMHB13 
were similar to Vibrio alginolyticus, Terribacillus halophilus, Vibrio 
alginolyticus, and Vibrio parahaemolyticus species, respectively. 
Scanning electron micrographs of sheepskin samples demonstrated 
that enzymatic activities of moderately halophilic bacteria isolated 
from soak liquor samples which decomposed the skin structure. 
After 35-days storage period, the sheepskin sample showed bad 
odor, sticky appearance and hair slip. Hence, it is recommended to 
control these microorganisms during the soaking process with an 
effective antimicrobial agent.

Introduction

The leather industry is among the oldest traditional industries and 
it has a very important role in the world economy. The hides and 
skins, that are byproducts of the food industry, are processed and 
converted into valuable leather products in the leather industry. 
Fresh hides and skins are ideal growth environments for a wide 
variety of non-halophilic bacteria and yeasts originating from the 
animal itself and environmental sources.1-3 If the fresh hides and 
skins are not preserved immediately, the enzymatic activities of these 
microorganisms may cause the deterioration of hides and skins. 
Traditionally, the hides and skins have been cured with salt or brine 
to remove water from the structure of hides and skins. However, 
the salt curing preservation process also causes contamination of 
hides and skins with moderately halophilic bacteria, halotolerant 

bacteria, extremely halophilic archaea, and haloversatile bacteria 
in the leather industry.3-8 If the curing process is not accomplished 
adequately, metabolic activities of these microorganisms may cause 
bad odor, hair slip, and decomposition of hides and skins during 
storage and transportation periods which may decrease final leather 
quality.

The soaking process is the first stage in leather processing 
to remove preservation salt, non-collagenous proteins, and 
glycosaminoglycans. This process also cleans hides and skins from 
blood, manure, and dirt. In this process, salted hides and skins 
are rehydrated and collagen fibers return to the original hydrated 
structure by reabsorbing water.9 Various researchers have found 
large numbers of microorganisms in soaked hides and soak liquors 
in the leather industry.1,5,7,10-17 The microorganisms found on salted 
hide may grow in the soaking process.

Although moderately halophilic bacteria were reported on salted 
hides and skins, there are a limited number of studies related to 
moderately halophilic bacteria found in soak liquor.18 In one of 
those papers, motile and aerobic moderately halophilic bacteria 
were isolated from drained soak liquor.18 The researchers reported 
that total counts of moderately halophilic bacteria were detected 
as 2.3×105 CFU/mL-7.9×105 CFU/mL in the soak liquor samples.18 
In another preliminary study, total moderately halophilic bacterial 
counts, total proteolytic moderately halophilic bacteria, and total 
lipolytic moderately halophilic bacteria were investigated in twelve 
soak liquor samples collected from Tuzla Leather Organized Region 
(Tuzla, İstanbul/Türkiye).19 The researchers reported that total 
moderately halophilic bacterial counts and proteolytic moderately 
halophilic counts were found as 1.8×104-4×106 CFU/mL and 1.2×104-
1.4×106 CFU/mL, respectively. Lipolytic moderately halophilic 
bacterial counts were detected as 1×104-2×106 CFU/mL on Tween80 
Agar Medium and 1×103-5.1×105 CFU/mL on Rhodamine B-Olive 
Oil Agar Medium, respectively.19 

Vibrio alginolyticus, Terribacillus halophilus, and Vibrio 
parahaemolyticus, which are the test isolates in the present study, 
have also been isolated from different samples by other researchers. 
For instance, Vibrio alginolyticus was reported as a halophilic 
bacteria causing various diseases in marine animals such as fish, 
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crustaceans and molluscs.20,21 Furthermore, Vibrio alginolyticus has 
been isolated from patients, brine shrimp, skin and sea water.22-24 
The species can cause enteric diseases in humans and animals.25 It 
is among the important opportunistic bacterial pathogens.26 Vibrio 
alginolyticus was reported as a naturally occurring organism in 
seafood, estuarine water and coastal waters25 and a reservoir of 
virulence genes in aquatic environments.27 It was also isolated from 
seawater samples,28 the primary organism from moribund clam 
larvae,20 diseased aquatic animals,27 and saltpan soil samples.29 
The researchers stated that Vibrio alginolyticus isolates were able 
to produce lipase, caseinase, amylase, lecithinase and protease 
enzymes.27,28 Vibrio alginolyticus isolates were able to grow at 
between pH 7.5-9, 10-40°C.25 

Essghaier and colleagues used moderately halophilic Terribacillus 
halophilus isolate to improve the growth of tomatoes.30 The 
intracellular antifungal enzyme (chitinase) produced by 
Terribacillus halophilus caused the reduction of spore germination 
of Botrytis cinerea and the treated tomato with moderately 
halophilic Terribacillus halophilus isolate could grow.30 The 
intracellular enzymes of moderately halophilic bacteria can be 
used in biotechnological applications.30,31 Pathogenic Terribacillus 
halophilus strains which are resistant to different disinfectants such 
as benzalkonium chloride, sodium hypochlorite and chloroxylenol 
were isolated from foods and surfaces of kitchen.32 Some of these 
chemicals have been used in the food industry as well as in the 
leather industry. Microorganisms may develope resistance against 
chemicals due to the misuse of these and other antimicrobial agents. 
Endospore-forming Terribacillus halophilus has been isolated 
from soil and saltpan samples.29,33 The investigators reported that 
Terribacillus halophilus showed growth at between pH 5-10, were 
motile and oxidase negative.33 Vibrio alginolyticus and Terribacillus 
halophilus strains which were isolated from the saltpan soil samples 
collected from Vedaranyam were reported as protease and amylase 
producers.29 

Vibrio parahaemolyticus was reported as a human pathogen found 
in marine environments.34 It is known as an important seafood-
borne pathogen causing vomiting, abdominal cramps, headache 
and diarrhea.35 Urease-positive Vibrio parahaemolyticus was 
isolated from frozen sea foods, patients and sea water samples.36 
Vibrio parahaemolyticus was isolated from raw seafoods34 and oyster 
samples.37 In another study, the Vibrio parahaemolyticus strains 
isolated from oyster samples were shown to produce protease, lipase, 
caseinase and amylase.37

Due to the global economic importance of leather and related 
goods, determination of moderately halophilic bacteria in soak 
liquor is very important for leather industry to prevent their 
adverse effects. Consequently, in this study it was aimed to 
isolate and identify moderately halophilic bacteria from soak 

liquor samples. The effects of different NaCl concentrations, pH 
and temperature values on the growth of moderately halophilic 
bacterial isolates were tested. Enzyme-production properties of 
the isolates were also investigated. Moreover, the adverse effect of 
protease and lipase producing moderately halophilic bacteria on 
the sheepskin samples were also assessed using scanning electron 
microscope.

Experimental

Soak Liquor Samples
Four soak liquor samples were obtained from Tuzla Leather 
Organized Region (Tuzla, Istanbul/Türkiye) and placed into sterile 
bottles. The soak liquor samples were immediately brought to the 
laboratory on ice. 

Isolation of Moderately Halophilic Bacteria from Soak Liquors
Twenty mL of soak liquor samples were put into glass bottle 
containing 180 mL of Sterile Physiological Saline Solution (SPSS) 
(10% sodium chloride) and the glass bottles were placed in an 
orbital shaker at 150 rpm for two hours at 24°C. 100 µL of direct 
and serial dilutions (10-1-10-6) of soak liquor solutions were spread 
onto the surface of the Complex Agar Medium (CAM) plates 
containing 5% yeast extract.38,39 Finally, the salt concentration 
of test media was adjusted to 10% (w/v) with the following 
ingredients (SW10, saline water): 0.7% (w/v) MgCl2, 8.1% (w/v) 
NaCl, 0.96% (w/v) MgSO4, 0.2% (w/v) KCl, 0.036% (w/v) CaCl2, 
0.006% (w/v) NaHCO3, and 0.0026% (w/v) NaBr.38 The CAM 
plates were incubated at 37°C for 24 hours. After the incubation, 
different bacterial colonies were selected according to their colony 
properties. The selected bacterial colonies were streaked again to 
obtain pure isolates. The pure cultures were phenotypically and 
genotypically analyzed. 

Molecular Characterization of Moderately Halophilic Isolates
The genomic DNA extraction was performed according to the 
QIAamp DNA MiniKit (Qiagen, Hilden/Germany). 16S rRNA 
gene was amplified with the universal primers 16F27-16R1488. The 
reactions of Polymerase Chain Reaction (PCR) amplification (95°C 
for 5 min, 25 cycles at 94°C for 1 min, 50°C for 1 min, 72°C for 2 
min, final 10 min extension at 72°C) contained forward primer (2.5 
μL), reverse primer (2.5 μL), PCR buffer (5 μL), dNTPs (10 mM, 8 
μL), MgCl2 (25 mM, 2.5 μL), Taq DNA Polymerase (0.5 μL), template 
DNA (1 μL), distilled water (28 μL), in a final volume of 50 μL.40 
The PCR products were purified using QIAquick PCR Purification 
Kit. The 16S rRNA gene sequence analysis were performed by 
Macrogen Inc. (Seoul, Korea). The comparison of 16S rRNA gene 
sequencing among the isolates and closely related species were 
determined further using ChromasPro (South Brisbane, Australia) 
and EzTaxon-e tool (Seoul, Korea).41 
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GenBank Accession Number 
16S rRNA sequence data of the isolates SLMHB5, SLMHB10, 
SLMHB12, SLMHB13 reported in this paper, have been deposited 
in NCBI and GenBank nucleotide sequence database under the 
respective accession numbers: OP435723; OP435724; OP435725 and 
OP435727.

Cell Morphology and Pigmentation of Moderately  
Halophilic Isolates
The cell morphology and pigmentation of overnight cultures of 
each test isolate were investigated under optimal conditions. Gram 
staining was applied to each test isolate according to standard 
procedures.42 

Effects of NaCl, pH and Temperature on Moderately  
Halophilic Bacterial Growth
Effect of different NaCl concentrations and optimum NaCl 
requirement of moderately halophilic bacteria were investigated on 
both CAM plates without salt and CAM plates containing different 
salt concentrations (0%, 1%, 2.5%, 5%, 7.5%, 10%, 12.5%, 15%, 17.5%, 
20%, 22.5%, 25%, 27.5%, 30%). Effect of different pH values and 
optimum pH requirement were tested on CAM plates containing 
10% NaCl at different pH values (4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0, 
12.0, 13.0). Moreover, the effect of different temperature values such 
as (4°C, 10°C, 20°C, 25°C, 30°C, 37°C, 40°C, 45°C, 50°C, 55°C, 
60°C).42 

Enzymatic Activities of Moderately Halophilic Isolates
Catalase activity
Catalase activity was tested by adding 3% H2O2 onto the bacterial 
colonies grown on CAM. The formation of bubbles on the bacterial 
colony was accepted as a positive catalase activity.42 

Oxidase activity
Oxidase activity was investigated by spreading the colony of test 
isolate with a sterile loop onto the filter paper dropped with oxidase 
reagent. Immediate color change from pink to dark purple was 
accepted as positive oxidase activity.42 

Lipase activity
Lipase activity was examined on the Tween80 Agar Medium 
(TW80M) containing Tween80 (1%, w/v). The inoculated agar 
plates were incubated for 48 hours at 37°C in an incubator. After 
incubation, the presence of opaque zones around the colonies on 
TW80M was taken as evidence of lipase activity.43 

Protease activity
Protease activity was determined using Gelatine Agar Medium 
(GAM) containing gelatine (2%, w/v). The inoculated agar plates 
were incubated for 48 hours at 37°C in a incubator. After incubation, 
the plates containing GAM were flooded with Frazier solution. Clear 

zones around the colonies were accepted as an evidence of positive 
protease activity.43 

Urease activity
Urease activity was examined on Christensen Urea Agar. After 
growth was obtained, the test tubes were checked for red or pink 
color.44 

Caseinase activity
Caseinase production was tested on the Plate Count Agar medium 
containing 2% skim milk. After incubation, the clear zones around 
the bacterial colonies were accepted as positive activity of caseinase 
enzyme.44

Amylase activity
Amylase activity was tested on CAM prepared with 0.5% (w/v) 
starch. The incubated plates were flooded with iodine. Clear halos 
around the colonies accepted as positive amylase activity.43 

Cellulase activity
Cellulase activity was tested on the cellulose agar medium prepared 
with 2 g carboxymethyl cellulose, 1 g casamino acid, 1 g yeast extract, 
20 g agar and 1000 mL sterile saline water (10%).44-46 The inoculated 
plates were incubated at 37°C for 24 hours.44-46 After the incubation 
period, Congo Red (0.1%) solution was flooded on the bacterial 
colonies. Then, the plates were left for 30 minutes. After 30 minutes, 
the colonies on the plates were washed with 1 M NaCl solution. After 
the washing process, the clear zones around the bacterial colonies 
were accepted as positive cellulase activity. 

Pullulanase and xylanase activities 
Pullulanase and xylanase activities of the test isolates were examined 
on the plates containing the substrates azurine-cross-linked (AZCL)-
pullulan and AZCL-xylan, respectively. Transparent zones observed 
around the colonies on xylan and pullulan media were accepted as 
positive xylanase and pullulanase activities.43 

Curing Skins with Enzyme Producing Moderately  
Halophilic Isolates and Storage Period
The damage caused by the mixed culture of enzyme producing 
moderately halophilic bacterial isolates (Vibrio alginolyticus, 
Terribacillus halophilus, Vibrio alginolyticus, Vibrio 
parahaemolyticus) isolated from four soak liquor samples was 
investigated. Two pieces of freshly butchered sheep skin sample 
were obtained from the tannery. Thirty mL of brine solution (20% 
NaCl) and 10 g sheep skin pieces were mixed in two flasks. The 
sheep skin sample treated with only sterile brine solution was 
prepared as control. In sterile physiological saline solution (20% 
NaCl), each enzyme-producing isolates was suspended and this 
bacterial suspension adjusted to 0.5 McFarland turbidity standard 
(108 CFU/mL). Ten mL of each bacterial suspension was added 
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into the flask including brine solution and sheep skin sample. The 
flasks were shaken at 70 rpm at 24°C for 18 hours. Then, the cured 
sheep skin samples were taken from the flasks and stored at room 
temperature for 35 days. After the storage period, the samples were 
examined under the scanning electron microscope.15 In addition, 
the organoleptic features (bad odor, sticky appearance, hair slip) 
were observed on the cured sheep skin samples during 35 days.

Preparation of Stored Skin Samples for Scanning Electron 
Microscope 
Glutaraldehyde solution (4%) prepared with phosphate buffer (0.1 
M, pH 7.2) was applied to sheep skin samples for 30 minutes. The 
sheep skin samples were washed three times for 10 min with the 
phosphate buffer (0.1 M). Osmium tetroxide (1%) prepared in 
phosphate buffer (0.1M) was applied to the sheep skins for one hour 
at 24°C. The samples were washed two times in sterile distilled 
water for 15 min and 95%, 75%, 50%, 35%, and absolute ethanol. 

The mixture of the ethanol-HMDS [1:2 (v/v)] (1×30 min), ethanol-
hexamethyldisilazane (HMDS) [1:1 (v/v)] (1×30 min) and HMDS 
(2×30 min) were used during the air drying process. The sheepskin 
samples were put in a desiccator for 14 h. Then, the sheepskin 
samples were observed by Scanning Electron Microscope (Fei 
Quanta 450 FEG ESEM SEM, Model FEG 450).47 

Results and Discussion

In the present study, three different moderately halophilic bacterial 
species -Vibrio alginolyticus (two isolates), Vibrio parahaemolyticus 
(one isolate), and Terribacillus halophilus (one isolate)- were isolated 
and identified from four soak liquor samples obtained from Tuzla 
Leather Organized Region (Tuzla, Istanbul/Türkiye) (Table I). All 
test isolates showed yellow pigmentation on the Complex Agar 
Medium. Vibrio alginolyticus and Vibrio parahaemolyticus were 
Gram-negative, Terribacillus halophilus was Gram-positive (Table 

Table I

Phenotypic characteristics of the moderately halophilic bacterial isolates

Characteristics Vibrio alginolyticus Terribacillus halophilus Vibrio alginolyticus Vibrio parahaemolyticus

Isolate code SLMHB5 SLMHB10 SLMHB12 SLMHB13

Pigmentation yellow yellow yellow yellow

Gram staining - + - -

Cell morphology curved-rod rod curved-rod curved-rod

NaCl range (%) 3-15 3-15 3-15 3-20

Optimum NaCl (%) 10 10 10 10

Temperature range (°C) 20-40 20-40 20-40 20-45

Optimum temperature (°C) 37 37 37 37

pH range 6-9 6-9 6-9 5-9

Optimum pH 7.0 7.0 7.0 7.0

Endospore formation - + - -

Motility + - + +

Production of indole + - + +

Citrate utilization + - + +

H
yd

ro
ly

tic
 A

ct
iv

iti
es

Catalase + + + +

Oxidase + - + +

Lipase + + + +

Protease + + + +

Urease + + + +

Caseinase + + + +

Amylase + + + +

Cellulase - - - -

Pullulanase - - - -

Xylanase - - - -
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I). The cells of Vibrio alginolyticus and Vibrio parahaemolyticus 
were curved-rod, the cells of Terribacillus halophilus was rod-
shaped. All isolates showed growth at 3-15% NaCl, 20-40°C and 
pH 6-9, Vibrio parahaemolyticus also showed growth at 20% NaCl, 
45°C and pH 5. All test bacteria were able to grow at 10% NaCl, pH 7, 
37°C (Table I). Hence, these isolates were considered as moderately 
halophilic. Terribacillus halophilus exhibited endospore formation. 
All isolates were motile, produced indole, and utilized citrate except 
Terribacillus halophilus. While all isolates produced catalase, lipase, 
protease, urease, caseinase, amylase, they did not produce cellulase, 

pullulanase and xylanase. Only Terribacillus halophilus was oxidase 
negative (Table I). 

To examine adverse effect of lipase and protease producing moderately 
halophilic soak liquor isolates to the structure of sheepskin, sterile 
and freshly slaughtered sheep skin samples were cured with a mixed 
culture of test bacteria (Vibrio alginolyticus, Terribacillus halophilus, 
Vibrio parahaemolyticus) for 35 days at room temperature. As shown 
in Figure 1, the curing process of the sheepskins sample with the 
sterile saline solution protected the sheepskin structure against the 

Figure 1. SEM micrographs of sheepskin sample treated with the sterile saline solution (control).  
The bar = 5 µm

Figure 2. SEM micrographs of sheepskin sample treated with a mixed culture of moderately halophilic 
Vibrio alginolyticus, Terribacillus halophilus, and Vibrio parahaemolyticus. The bar = 100 µm
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microbial damage during 35 days of storage period. 

Figure 2 clearly demonstrates that the destructive effects of 
moderately halophilic bacterial cells of the mixed culture on the 
sheepskin structure. The mixed culture of the test isolate caused 
weakening fibers in the corium and splitting (Figure 2). 

Changes in the organoleptic characterictics such as sticky 
appearance, hair slip, bad odor, and compactness of the sheepskin 
structure were also observed on the sheepskin sample treated with 
a mixed culture of moderately halophilic Vibrio alginolyticus, 
Terribacillus halophilus, and Vibrio parahaemolyticus (Figure 
2). After the storage period, only the control sample (cured with 
sterile brine solution) did not show hair slip, bad odor and sticky 
appearance (Figure 1). In Figure 2, the compactness of collagen 
fibers of sheepskin sample was adversely affected by the enzymes 
produced by the test bacteria.

In a previous study, SEM micrographs showed that hides cured 
with protease producing extremely halophilic archaeal isolates 
caused red discoloration and grain damage after 49 days of 
storage time at 41°C.15 In the study conducted by Birbir and her 
colleagues (2020), proteolytic and lipolytic extremely halophilic 
archaea (Haloarcula salaria AT1, Halobacterium salinarum 22T6, 
Haloarcula tradensis 7T3) were isolated from deteriorated salted 
sheepskin samples having red discolorations.48 In that study, the 
freshly slaughtered sheepskin samples were cured with each test 
strain (Haloarcula salaria AT1, Halobacterium salinarum 22T6, 
Haloarcula tradensis 7T3), and with their mixed culture for 47 days 
at 33°C.48 The researchers reported that organoleptic changes were 
closely related to enzymatic activities of the microorganisms.48 
They also reported that electron micrographs of each test isolate 
and their mixed culture destroyed the skins’ collagen fibers.48 In 
the present study, the structural damage of the sheepskin was due 
to the proteolytic and lipolytic activities of moderately halophilic 
bacteria, 

Conclusion

This is the first study that investigates moderately halophilic 
bacterial species (Vibrio alginolyticus, Terribacillus halophilus, and 
Vibrio parahaemolyticus) found in the soak liquor samples obtained 
from Tuzla Leather Organized Region. All isolates produced 
catalase, lipase, protease, urease, caseinase and amylase enzymes. 
SEM micrographs of sheepskin sample treated with the mixed 
culture of moderately halophilic bacterial isolates also showed that 
these enzyme-producing isolates damaged the structure of the 
raw sheepskin sample. The experimental data obtained from this 
study clearly showed that inadequate preservation during soaking 
process may cause serious quality defects on crude sheepskins. 
Hence, effective antimicrobial applications should be applied in the 

soaking process to obain high quality leather product in the leather 
industry. 
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Abstract

By-products of pomegranate juice enterprises are evaluated as a 
“green” raw material for many industries. In this study, pomegranate 
peels which are well known with high polyphenolic content were 
evaluated as a potential source of tanning agent for leather industry. 
For this purpose, firstly pomegranate peels were extracted in Koch 
extractor at 70°C for 8 hours. In order to determine the tanning 
ability, 30% of ground pomegranate peel powder (containing 
7.2% of active tannin matter) was used in the tanning process 
and pomegranate peel tanned leather was evaluated in terms of 
increases in thickness and shrinkage temperature, color change and 
mechanical properties. The application of pomegranate peel tannin 
in the tanning process provided that an acceptable shrinkage 
temperature (68.5°C) and mechanical properties for vegetable 
tanned leathers. The results revealed that the tannin obtained from 
pomegranate peel has a remarkable tanning effect and can be used 
in the tanning process. Thus, it is concluded that pomegranate peels 
can be evaluated as a new source of tannin for leather industry.

Introduction

Polyphenol-rich plant extracts (vegetable tannins) bearing a large 
number of hydroxyl and other functional groups have ability to 
form strong linkages with collagen.1 Therefore, vegetable tannins are 
taken into consideration as eco-friendly and manageable tanning 
agents and they contribute to remarkable improvement in leather 
properties by tanning process.2 Vegetable tanning technology 
was prevalent process for leather industry over centuries until it 
has gradually been displaced to chrome tanning by the end of the 
19th century.1 However, vegetable tanning agents have recently 
regained their former popularity due to the increasing interest and 
even compelling trend towards more sustainable, greener and eco-
friendly tanning processes. On the other hand, the vegetable tannin 
sources having commercial importance for tanning are limited due 
to scarce number of tannin rich plant materials. In recent years, 
numerous researchers have been focused on searching for new 
tannin sources that can be used in leather industry as tanning 
agent.3-6

Among the alternative tannin sources, pomegranate peels which are 
generated as waste in fruit juice enterprises have recently attracted 
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the attention of many industries.7-10 The peels constitute 30-40% of 
the pomegranate fruit and they remain as a byproduct after juicing 
fruit. On a global scale, there are 3 million tons of total pomegranate 
production, resulting in approximately 1.62 million tons of waste.11 
Due to their high polyphenolic content and antioxidant properties, 
pomegranate peels are no longer considered as waste, but as a 
valuable raw material source for sustainable, eco-friendly and green 
chemical production.

From the literature review, it was seen that there is limited data 
available concerning the possible usability of pomegranate peels as 
a source of tanning agent and its detailed tanning properties.2,12 So, 
as the first step pomegranate peel tannin was decided to be used as 
a retanning agent in leather processing and besides its retanning 
performance, its effect on prevention of Cr(VI) formation was 
investigated in a previous study.13 Especially the high tannin content 
and considerable filling properties obtained from the study drove to 
investigate its solo performance. Thus, as a complementary study, in 
the present part, it was focused on investigation of pomegranate peel 
tannin’s tanning performance as a main tanning agent. 

Materials and Methods

Materials
The pomegranate peels were supplied from a food company 
operating in Torbali/Izmir. Before experiments, pomegranate peels 
were rinsed, dried and broken into pieces similarly the previous 
study.13 Pickled sheep skins (breed of Métis) were used in tanning 
trials.

Methods
Tannin extraction: Extraction of pomegranate peels was carried 
out in a similar way as described in the previous study.13 From the 
evaluation of the findings obtained from the previous study, it was 
seen that higher extraction temperature did not have a significant 
contribution to the extraction yield and tannin content, so the 
extractions were carried out at 70°C in the present study.

Re-determination of the tannin content by repeating extraction 
processes has required due to following reasons: a) It should not be 
ignored that the tannin content of pomegranate peels may change 
more or less on account of different harvest times. The presence 
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of tannin can differ from plant to plant, and part to part of a plant 
since plant polyphenolic compounds are produced naturally. b) In 
order to accurately calculate the amount of tannin to be used in 
tanning process, the tannin content of the raw material to be used 
must be known exactly. Extraction yield was calculated according 
to Formula 1.

	(%) Extraction Yield = (extract obtained (g)/pomegranate peels used (g)) × 100	(1)

Tannin and non-tannin matter contents of obtained extract were 
determined according to the SLC 114.14 115,15 11616 and 11717 test 
methods. All analyses were repeated three times and mean data were 
given.

Tanning with Pomegranate Peel: Pomegranate peels were ground 
by micro mill (Super Mixer SM 108) into powder form before the 
tanning process. Approximately 30% of ground pomegranate peel 
powder (containing 7.2% of active tannin matter considering the 
determined tannin content) was weighed by taking in account 
the weight of intact pelt and used in tanning process in order to 
determine tanning effect. The applied tanning recipe is given in 
Table I. It should be pointed out that the recipe was not prepared 
to manufacture of garment, shoe upper etc., only a basic tanning 
recipe was applied to determine the tanning effect of pomegranate 
peels.

Determination of tanning properties of pomegranate peel: Filling 
coefficient and shrinkage temperature, the most important indicators 

Table I

Tanning recipe

Process Amount (%) Product Temperature (°C) Duration (min.) pH

Depickling 150 Water (8 °Bé  NaCl) 28-30 15

1 HCOONa 40

0.3 NaHCO3 60 4.8

Draining - Thickness Measurement

Tanning 70 Water 35

10 Ground Pomegranate Peel 90

10 Ground Pomegranate Peel 90

10 Ground Pomegranate Peel 37 90 (left in bath 
overnight 7-8 rpm)

0.1 Fungicide 20

0.7 HCOOH 60 3.7

Washing 200 Water 10

Draining - Thickness Measurement 
Aging for 1 week - Shrinkage Temperature Measurement

Retanning-
Fatliquoring

200 Water 35

1 Neutralizing Syntan 30 5.0

3 Amphoteric Acrylic Polymer 30

4 Sulphited Natural Fatliquor 45 75

3 Synthetic Fatliquor

3 Lanolin Fatliquor

0.8 HCOOH 90 3.6

Washing 200 Water 10



	 Pomegranate Peel Tannin  	 303

JALCA, VOL. 118, 2023

for qualifying tanning effect, of tanned leather were determine in 
order to evaluate tanning properties of pomegranate peel. Before 
tanning (after depickling process) the thicknesses of pelt (T1) and 
after tanning the thickness of leather (T2) were measured from 8 
different points in wet form according to ISO 258918 and mean data 
were determined. Filling coefficient was calculated according to 
Formula 2. 

	 (%) Filling coefficient = ((T2 - T1) / T1) x 100	 (2)

The shrinkage temperatures of intact pelt and tanned leather were 
determined according to ISO 338019 with three repetitions and mean 
data was given.

Measurement of color: The color and color components of 
pomegranate peel tanned leather were measured by using the Minolta 
CM-2600d Spherical Spectrophotometer according to the CIE*Lab 
color system. Color measurements were taken from 15 different parts 
of the leather sample and the result was given as mean value.

Physical Properties of Tanned Leather: In order to determine the 
mechanical properties of pomegranate peel tanned leather, the 
tensile strength and percentage of elongation20 and tear load21 of 
the leather were determined. Samples for the tests were taken in 
accordance with ISO 241822 standard. The samples were conditioned 
according to the ISO 241923 standard and their thicknesses were 
measured according to the ISO 258918 standard. For both tests, 3 

parallel and 3 perpendicular samples were taken, and the test results 
were given as the mean value.

Results and Discussion

Extraction Yield and Tannin Content of Pomegranate Peel: During 
the extraction of plant materials, water-soluble/insoluble non-tannin 
matters (such as sugars, salts, flavones, gallic acid, other acids, etc.) also 
pass into the extract as well as tannins. Looking from the viewpoint 
of the tanning process, although non-tannin matters do not have 
tanning properties, their presence in the tanning bath may affect the 
character of produced leather. The tannin/non-tannin and soluble/
insoluble matter contents of pomegranate peel extract are given in 
Figure 1. The extraction yield was determined to be 44.5(±0.2)%.

Gurler12 reported that the pomegranate peels, which were supplied 
from a company as a ready extract, contain 37.2% tannin and 72.1% 
total soluble matter and El Maujahed et al.2 reported that 38.2% of 
extraction yield was obtained from the extraction of pomegranate 
peels with distilled water in 1:10 ratio for 12 hours at 100°C in the 
dark ambient by use of ethanol as an additive.

According to the results, it was seen that the extraction yields and 
tannin contents differ in pomegranate peels. Many factors such 
as harvest time, supplied region and extraction conditions can be 
effective for this variation.

Figure 1. Tannin/non-tannin and soluble/non-soluble matter contents of pomegranate peel extract.
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In Table II, a comparison of commercially available tannins and 
tannin sources are given above (since there are various types of plants 
and different plant species having various amounts of tannin contents 
even for a type of tannin, in this table are approximate values).

Tanning properties of pomegranate peel: The shrinkage temperatures 
and thicknesses of intact pelt and the leather treated with pomegranate 
peels are given in Table III. From the results, it was clearly seen that 
tanning with pomegranate peels resulted in a remarkable increase 
in shrinkage temperature (26.8°C) and filling coefficient (57.1%) 
comparing with the intact pelt. From the evaluation of the shrinkage 
temperature and filling coefficient results, it was deduced that 
pomegranate peel tannin has an effective tanning ability. 

Pomegranate peel extract solutions at different ratios (15, 20, 30%) 
were used in tanning process of garment leathers by Gurler12 and 
it was stated that the highest shrinkage temperature was obtained 

to be 79°C with 15% of pomegranate peel. However, controversially, 
it was also specified that as the amount of used pomegranate peel 
extract increased, the shrinkage temperature decreased to 74°C. 

Color of tanned leather: Leathers tanned with vegetable tannins 
possess the characteristic color of the tannins used. This type of 
leather is either not dyed through or dyed in pastel or dark tones, 
arbitrarily. For this reason, it is important to determine the final 
color of leather tanned with pomegranate peel. Table IV shows the L, 
a, b values obtained from color measurements of the tanned leather. 
From the examination of the data, it was seen that the color of the 
leather tanned with pomegranate peel is predominantly in yellow 
tones and contains a slight reddish tone. 

Mechanical properties of tanned leather: Physical test results 
of leather tanned with pomegranate peel are given in Table V. It 
can be obviously seen that the obtained tensile (20.1 N/mm2) and 

Table III

Thickness and shrinkage temperature values of intact pelt  
and tanned leather

Thickness (mm) Shrinkage temperature (°C)

Intact pelt 0.7(±0.5) 41.7(±0.6)

Tanned leather 1.1(±0.4) 68.5(±0.7)

Table IV

Color measurement values of leather tanned  
with pomegranate peel

L a b

75.7(±0.6) 3.2(±0.3) 28.3(±0.7)

Lightness/brightness (L=0 black, L=100 white),  
red/green color (+a red, -a green) and yellow/blue color (+b yellow, -b blue).

Table V

Mechanical properties of leather tanned with pomegranate peel

Tensile Strength  
(N/mm2)

Elongation at break  
(%)

Tear Strength

Max. Force (N) Thickness (mm)

20.1(±2.9) 71.2(±5.4) 32.0(±1.5) 0.7(±0.02)

Table II

 Comparison of commercially available tannins and tannin sources

Tannin Tannin Type Part of Plant % Tannin in extract % Tannin content in plant part

Mimosa Condensed Bark 70 36

Qubracho Condensed Wood 70 21

Chestnut Hydrolysable Wood 75 10

Olive Hydrolysable Leaf 28 10

Pomegranate Hydrolysable Peel 54 24

Sumach Hydrolysable Leaf 50 20

Tara Hydrolysable Pods 50 40

Gambier Condensed Leaf 50 25
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tear (45.7 N/mm) strengths met the acceptable quality standards 
recommended by United Nations Industrial Development 
Organization (UNIDO)24 for vegetable tanned upholstery leathers 
(<2 mm of thickness, 10 N/mm2 for tensile strength and 15 N/mm for 
tear strength). In addition, the obtained values also met the quality 
requirements for garments leathers recommended by UNIDO24 
regardless of the tanning method (min. tensile strength of 12 N/mm2 
and min. tear strength of 20 N/mm).

In literature, related to the mechanical properties of the leathers 
tanned with pomegranate peel; Gurler12 reported that the highest 
tensile and tear strength values of pomegranate peels tanned leathers 
were found to be 6.3 N/mm2 and 17.4 N/mm, respectively. 

Conclusion

In this study, the tanning ability of pomegranate peel tannin and 
its possible utilization as a main tanning agent in leather industry 
were investigated. For this purpose, after determining the tannin 
content of the pomegranate peels, a basic tanning process was 
applied using 30% of ground pomegranate peel powder (containing 
7.2% active tannin matter considering the determined tannin 
content). Considering the filling coefficient (which is also a sign of 
fiber isolation), shrinkage temperature and physical properties of the 
tanned leather, it was concluded that pomegranate peels (containing 
remarkable polyphenolic compounds) which arise from as a waste 
in fruit juice enterprises can be utilized as a new source of vegetable 
tanning agent.

In case of using ground pomegranate peel powder instead of 
extraction product, it is crucial to determine the tannin content of 
pomegranate peels, since the tannin content of pomegranate peels 
may change more or less on account of different harvest times, in 
order to accurately calculate required amount of tannin to be used 
in tanning process according to different types of vegetable tanned 
leather articles.

However, it is necessary to emphasize here that tanning with 
increasing amounts of pomegranate peel powder bearing higher 
amounts of active tanning matters i.e. 11-15% (which is generally 
required for different types of vegetable tanned leather articles) 
will result in much better tanning performance and leather 
characteristics.
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Industry News

Professor Jianzhong Ma Announced as Recipient  
of the IULTCS Merit Award 2023

It is with great pleasure that IULTCS announces Prof Jianzhong 
Ma has been chosen as the winner of the prestigious IULTCS 
Merit Award for Excellence in the Leather Industry. The IULTCS 
was founded for the purpose of encouraging the technology, 
chemistry and science of leather on a worldwide basis. It is 
therefore appropriate that we recognise the achievements of those 
of stature in our industry who have contributed significantly 
to our global understanding of the leather industry and its 
by-products. The IULTCS Merit Award is given biennially by 
the IULTCS Executive to an individual, whose past or current 
endeavours have had an extraordinary impact on our industry 
and provide an example for others to follow. Prof Jianzhong Ma 
fits this profile perfectly.

Prof Jianzhong Ma has published more than 240 academic 
articles on prestigious international peer-reviewed journals, 
such as Advanced Functional Materials, Angewandte Chemie 
International Edition, Green Chemistry, Carbohydrate Polymers, 
etc. Seven of them were selected by ESI high citation papers. 
More than 100 National Invention patents and 7 international 
invention patents have been authorized. He has published 9 
books including 2 monographs, among which “Chemistry of 
Leather Finishing Materials” has been rated as one of the national 
top-quality courses. To formulate and revise 7 National and 
Industrial Standards. Currently, Prof. Jianzhong Ma’s H-index 
(Reported by Web of Science) is 39 and total citation is more than 
7056 times.

His extensive list of Practical Achievements is long and varied, 
with much of his time dedicated to the leather industry, helping 
to maintain sensible adjustments to testing methods as well as 
working on new technology for a better future for the leather 
industry worldwide. He is project leader of 973 pre-research 
Project of China, 863 Project of China, Key Project of the 
National Natural Science Foundation of China, General Project 
of the National Natural Science Foundation of China, National 
Key Research and Development Plan Project, and over 60 items of 
University-Enterprise Cooperation Research Projects.

Prof Jianzhong Ma has been actively involved with the development 
and industrialization of new leather tanning agents, retanning 
agents, finishing agents, fattening agents, and other chemicals, 
transferred to more than 40 enterprises at home and abroad.

Functional finishing agents such as cold resistant, hydrophobic 
and antifouling chemicals have been developed and put into 
practice. The achievement won the 2nd prize of national 
technological invention, as well as 2 types of 1st prize of provincial 
and ministerial technical invention.

He has presided over the national teaching team, national quality 
courses, national planning textbooks and national experimental 
teaching demonstration centre etc. He has cultivated more than 
100 graduate students, including entrepreneurial talent of the 
national “Thousand Talents Plan”, young top-notch scholar of the 
“Ten Thousand Talents Plan”, and young scholar of Yangtze River 
Scholars. A large number of outstanding engineering talents have 
been delivered to the industry. He won the 2nd prize of national 
teaching achievement.
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Lifelines

Min Gu is studying for her Master’s degree at the College of Biomass 
Science and Engineering, Sichuan University, China. 

Xiaoxia Zhang has a Master’s degree and now she is studying as a 
doctor candidate at the College of Biomass Science and Engineering, 
Sichuan University, China.

Yuanzhi Zhang, see JALCA 115, 279, 2020.

Songcheng Xu has a PhD at the College of Biomass Science and 
Engineering, Sichuan University, China. 

 Guoying Li, see JALCA 116, 100, 2021.

S. Nithiyanantha Vasagam is working as a senior Principal Scientist 
at CSIR-Central Leather Research Institute (CSIR-CLRI) and has 22 
years of experience in the field of Information Science & Technology. 
He received his Master of Computer Science from Madurai Kamaraj 
University, Madurai in the year 2000. His areas of interest include 
Image Processing, Artificial Neural Networks, Artificial Intelligence, 
Machine Learning. 

M. Sornam is Professor in the Department of Computer Science, 
University of Madras. She received her MSc in Mathematics from 
the University of Madras in 1987, Master’s Degree in Computer 

Applications from the University of Madras in 1991 and received 
her Ph.D in 2013 from University of Madras. She has published 
112 papers in Indian and international journals, presented at 
national and international seminars, organized & participated in 
56 workshops/seminars. Her area of specializations are Artificial 
Neural Networks, Artificial Intelligence, Machine Learning, Deep 
Learning and Image processing. 

Pinar Caglayan graduated from Biology Department, Ataturk 
Faculty of Education, Marmara University. She received MSc, 
and PhD Degrees in Biology from Institute of Pure and Applied 
Sciences, Marmara University. She was an Erasmus student in 
Department of Microbiology and Parasitology, Faculty of Pharmacy, 
Sevilla University, Spain (2008-2009). Associated Professor 
Pınar Caglayan has been working at Division of Plant Diseases 
and Microbiology, Marmara University since 2011. Her research 
interests are moderately halophilic bacteria, extremely halophilic 
archaea, antimicrobial agents, hide microbiology, electric current 
applications on microorganisms.

Cigdem Kilicarislan Ozkan has been working in the Leather 
Engineering Department of Ege University since 2010. She completed 
her PhD in 2018. Her research activities and fields of interests 
are sustainable tanning materials, tannin extraction techniques, 
modification of biopolymers and leather technologies.
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Letter to the Editor

Dear Editor,

I feel it necessary to register my disappointment in the paper: 
“Application of Acid Protease for Eco-friendly Pre-Treatment of 
Goat Skin to Improve Antimicrobial Finish using Herbal Natural 
Extracts”.  

The use of the term “Finish” in the leather industry implies a process 
following completion of tanning and retanning.  It is therefore not 
clear whether the antimicrobial application was made on the pelt 
or on leather.  One has to make the assumption that the application 
was on the untanned skin following enzyme treatment as there is 
reference to “alternative to conventional wet chemical treatment” 
and no documentation of tan or retan process.  If so, then the need 
for antimicrobial processing following acid protease treatment is 
moot.  There is no need for preservation treatment at this stage and 
immediate processing through tanning and retanning would in 

any case wash away most of the antimicrobials.   Furthermore, the 
rationale  for the research undertaken - “leather is highly prone to 
microbial proliferation and biodeterioration” - is simply false.  Intact 
leather artifacts from centuries ago belie this statement.  Hides, skins 
or pelts - yes; leather - no.

I also feel it necessary to speak specifically to the incorrect 
interpretation of the “zone of inhibition” technique for evaluating 
antimicrobial effects.  “Growth” or “No Growth” must be evaluated 
on the leather.   Zone of inhibition is correctly interpreted as the 
ability of an antimicrobial to diffuse into the Agar to exhibit effect 
and NOT for the protection of a sample against microbial attack.   
In fact, there should be less protection of the skin or leather as 
antimicrobial substance is lost to the matrix.  The continued use of 
this technique in our industry to show efficacy of antimicrobials in 
protecting a substrate is simply wrong.

Sincerely,
Dr. Elton Hurlow
Past President ALCA / Past President 
IULTCS 
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