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Abstract. In this study, a chitosan based coating method was developed and applied on the shoe lining leather
surface for evaluating its inhibition to bacterial and fungal attacks. At first, chitosan was prepared from raw prawn shells
and then the prepared chitosan solution was applied onto the leather surface. Secondly, the characterization of the
prepared chitosan and chitosan treated leather was performed by solubility test, ATR-FTIR, XRD pattern, SEM and
TGA. Evaluation of antimicrobial efficacy of chitosan was assessed against two gram positive, two gram negative
bacteria and a reputed fungi by agar diffusion test. The results of this study demonstrated that chitosan took place in
both the surface of collagen fibres and inside the collagen matrix of crust leather. The chitosan showed strong
antimicrobial activities against all the tested microorganisms and the inhibition increased with increasing percentage of
chitosan. Therefore, the prepared chitosan in this study can be an environment friendly biocide, which functions
simultaneously against different spoilage bacteria and fungi on the finished leather surface. Thus by using the prepared
chitosan in shoe lining leather, the possibility of microbial attack during shoe wearing can be minimized which is one
of the important hygienic requirements of footwear.
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1. Introduction

Leather was considered to be the original materials for making footwear from the early stages of
footwear industries and about half of all leather produced today is used to make shoes (Bienkiewicz
1981).

In footwear industries, the first priority is to produce hygienic, highly qualified, safe footwear as
well as eliminating microorganisms’ growth in the footwear in order to meet the consumer's demand.
However, the footwear's provide suitable environment for microbial growth like bacteria, fungi as
there is available moisture, warmth conditions, nutrients from feet sweat and greases/olis from
insoles inside the shoes during wearing (Orlita 2003). Also, leather having a network of collagen
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easily acts as a good source for quick growth of microorganisms (Fernandes ef al. 2013). Specially,
foot odor is mainly derived from isovaleric acid produced from staphylococcus epidermidis,
degrades leucine present in sweat. Also, Bacillus subtilis was shown to be closely associated with
increased foot odor (Widrow et al. 1991). Boahin ef al. examined thin films of flesh left on the
grained side of the leather, start to decay when they come in contact with moisture (Boahin ef al.
2013).

In extreme cases, high growth and large proliferation of Aspergillus niger microbes on the leather
surface of footwear will occur prospective health complications for the customers (Orlita 2003), i.e.,
foot ulceration and amputation (Jennings et al. 1999, Ara et al. 2006, Johannesson et al. 2009,
Sanchez-Navarro et al. 2011).

To overcome these problems, bacterial and fungal eradication of the leather products can be
achieved by fabricating leather with antimicrobial properties (Aksoy and Kaplan 2013). For example,
antibacterial properties of the leather products can be obtained by applying antiperspirants, spray
formulations and hygroscopic insoles in the foot or inside the shoe (Aksoy and Kaplan 2013).
Besides, various natural and synthetic biocides have been used recently to preserve hides during
processing (Orlita 2003, Stockman et al. 2007). However, the biocides have adverse effects on
human health and environment (Sirvaityte et al. 2011). Kaygusuz et al. indicated that the use of
Ti0,-Si0; nanocomposite improved certain performance characteristics of leather (Kaygusuz et al.
2017). Although the metal nanoparticles like silver nanoparticles (AgNPs) coatings are
biocompatible, non-toxic and long-lasting products that does not create any toxicity problems, the
process of their preparation is expensive (Liu et al. 2012, 2015, Velmurugan et al. 2014). On the
other hand, marine chitin isolated chitosan is considered to be cheap, non-toxic, biocompatible,
biodegradable for functional coatings development due to its strong inhibitory effect, a broad
spectrum of antimicrobial activities and film forming capability (Muzzarelli 1977, Muzzarelli et al.
1990, 2012, Xu et al. 1996, Kumar et al. 2004, Rinaudo 2006, Santos et al. 2017, Furtado et al.
2018, Sousa et al. 2018). In the textile industry, eco-friendly chitosan has already been used to
develop fabrics (El-Tahlawy ef al. 2005, Dev et al. 2009, Tseng et al. 2009). In the leather industry,
chitosan and chitosan derivatives, i.e., methacrylic acid—acrylamide—chitosan copolymer are found
to be used as auxiliary agents in the chrome-tanned leather dyeing process (Burkinshaw and Jarvis
1996, Lv et al. 2011, Plavan 2012, Aslan 2013). For example, the synthesized PEGylated chitosan
copolymers can also be efficiently used for antimicrobial coating of leather product (Luo et al. 2016).
Fernandes et al. developed and applied chitosan based antimicrobial leather coatings for coating of
footwear insoles (Fernandes et al. 2013). To the best of our knowledge, there is no application of
chitosan-based coatings along with a binding agent for shoe lining leather in the literature. Therefore,
the development and application of an antimicrobial chitosan coating for shoe lining leather would
be highly demandable at present time in order to protect the foot from microbial attack.

A typical leather or textile coating formulation mainly contains polymeric binder and several
additives like biocide, adhesion promoter, colorants etc, which are applicable through brushing,
spraying, roll coating etc. (Billah 2018). Poly vinyl acetate (PVAc) is mainly used as a binder for
different types of materials such as fibre, leather etc. (Mark 2014). The main advantages of PVAc
are its easier and wider application, elasticity, resistance to ageing, low cost, availability, resistance
to microbial attack and non-toxicity (Rebsamen 1983, Paris 2000, Kim et al. 2007, Sedivka 2015).
It was reported that mixing PVAc with zinc sulphate and copper sulphate enhanced the antimicrobial
characteristics of material (De Jesus ef al. 2017, Marasigan et al. 2019). Besides, PVAc containing
bioactive fillers showed effective antimicrobial activity against oral bacteria (Nagai et al. 2017). In
addition, modified PVAc substrates can also be used in packaging. (Padmanabhan et al. 2015). In
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case of prepared leather, the addition of PVAc will not only prolong the binding capability but also
enhance the antimicrobial performance. Therefore, due to both antimicrobial and binding properties,
PVAc was chosen to mix with chitosan solution before applying onto leather surface.

In this study, chitosan coating in addition to PVAc as a binding agent is applied on crust leather
surface which is mainly used as lining leather in different types of footwear to resist bacterial and
fungal attack when comes in contact with the foot. First, raw prawn shells were processed into
chitosan solution and then the prepared chitosan solution was sprayed onto the leather surface of
both grain and flesh sides. The prepared chitosan and chitosan treated shoe lining leather was
evaluated by a number of analytical techniques and biological test.

2. Materials and methods
2.1 Raw materials

2.1.1 Leather
Chrome tanned crust leather manufactured from goatskin was collected from Apex tannery,
Savar leather industrial park, Hemayetpur, Dhaka, Bangladesh.

2.1.2 Raw prawn shell
Raw prawn shells were collected from prawn hatchery of Bagerhat district, Khulna division,
Bangladesh.

2.1.3 Standards

Besides chitosan, Polyvinyl acetate (PVAc) and Acetic acid were purchased from Sigma-Aldrich
Authorized Bangladesh Distributors, Kuri & Company (Pvt.) Ltd., 78, Motijheel Commercial Area
Dhaka-1000, Bangladesh. Deionized water was used for the preparation of chitosan and acetic acid
solutions.

2.1.4 Preparation of chitosan

Chitosan produced from raw shrimp shells according to the previous study (Dey et al. 2016,
Islam et al. 2019). Three chitosan solutions (0.5%, 1% and 2% w/v) were prepared in 1% (v/v) acetic
acid with continuous stirring at room temperature until complete dissolution (at least for 1 h). The
prepared chitosan solutions were labeled as 0.5% CH, 1% CH and 2% CH.

2.2 Application of chitosan solution on crust leather

2.2.1 Stock solution of PVAc
1 gm of PVAc was dissolved in 500 mL de-ionized water and heated under 70°C until dissolved.

2.2.2 Modification of chitosan solution for application
25 mL of each chitosan solution (CH 0.5%, CH 1%, and CH 2%) was taken in a beaker and
mixed properly with 5 mL of PVAc solution which made a thin film on the leather sample.

2.2.3 Surface modification of leather
Modified chitosan solution was applied on leather by hand spraying. 30 mL of each prepared
sample solution (CH 0.5%, CH 1%, and CH 2%) was applied twice on 1ft* leather. The prepared
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chitosan solutions 0.5% CH, 1% CH and 2% CH were applied on leather surfaces and the chitosan
treated leathers were named as L-CH 0.5%, L- CH 1% and L-CH 2% respectively. The untreated
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Fig. 1 Schematics of chemical interactions between leather (collagen), chitosan & PVAc

leather was named as controlled and denoted by L.

2.3 Characterization of chitosan, chitosan treated and untreated leather

2.3.1 Attenuated total reflectance fourier transform infrared spectroscopy (ATR-FTIR)
The ATR-FTIR analysis of chitosan and leather samples was performed by Perkin Elmer

universal ATR sampling accessory in the range of 700-1000 cm™.

2.3.2 Scanning electron microscopy (SEM)
The surface morphology of chitosan and leather samples was studied by SEM machine (JSM-

6490LA, JEOL, Japan).

Table 1 The physical tests carried out with standard method

S1. No. Test name Standard norm
1 Tensile Strength IUP-6
2 Stitch Tear Strength DIN 53331
3 Simple Tear Strength SATRA PM 162
4 Dry & Wet Rub Fastness DIN 54021/ SLF 6
5 Perspiration Fastness BSEN-ISO-105
6 Water Vapor Permeability SATRA PM 172
7 Shrinkage Temperature SATRA PM 17
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2.3.3 Thermogravimetric analysis (TGA)
Thermal characterization of chitosan and leather samples was carried out by thermo gravimetric
analysis (TG/DTA 7200 EXSTAR, Hitachi, Japan) technique.

2.3.4 X-ray diffraction (XRD)
X-ray diffraction pattern of chitosan flakes was recorded through an x-ray diffractometer (Ultima
IV, Rigaku Corporation, Japan) at room temperature.

2.4 Antimicrobial activity assay

2.4.1 Antibacterial assessment

Antibacterial activity of prepared chitosan solutions and chitosan treated leather samples were
accessed by checking zone of inhibition against S. aureus, E. coli, B. subtilis and P. aeruginosa in
TSA media through agar well diffusion method.

2.4.2 Antifungal assessment

Antifungal activity of prepared chitosan solutions and chitosan treated leather samples were
accessed by checking zone of inhibition against Aspergillus niger in TSB media through agar well
diffusion method. The test was carried for 10 days.

2.5 Physical and mechanical characterization of leather

Physical tests were carried out to determine the physical properties of chitosan coated leather and
the name of physical tests were tabulated in Table 1.

3. Results and discussion
3.1 Mechanism of collagen, chitosan and PVAc

Fig. 1 represents the provable mechanism of chemical interactions between collagen of leather,
chitosan & PVAc.

3.2 Characterization of chitosan

The prepared chitosan solution was evaluated for its functional group, crystallinity and
morphological features by ATR-FTIR, XRD and SEM analysis.

Fig. 2(a) showed the ATR-FTIR spectrum of chitosan with various characteristic peaks. In the
spectrum, the detected absorption band at 1381.03 cm™ for C-O stretching vibration, 2885.51 cm’!
for aliphatic C-H stretching and 3404 cm™ was assigned for O-H stretching coincided with N-H
stretching (Monvisade and Siriphannon 2009, Zhang et al. 2011). A very strong peak at 1645.28 cm’™
was assigned to the in-plane N-H bending vibration, which is the characteristic peak of chitosan
polysaccharide (Mohanasrinivasan ef al. 2014).

The XRD pattern of prepared chitosan identifying its crystallinity was represented in Fig. 2(b).
Two characteristic broad diffraction peaks at 20 around 10.42 and 19.92 were related to crystal-1
and crystal-2 respectively in the chitosan structure. According to the previous study (Bangyekan et
al. 2006), the observed peaks are suggested to be the fingerprints of semi-crystalline chitosan with
a high degree of crystallinity (Giinister et al. 2007, Julkapli and Md Akil 2008).
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(a) ATR-FTIR spectra of chitosan flake (b) XRD pattern of chitosan
Fig. 2 ATR-FTIR spectra and XRD pattern of chitosan

Fig. 3(a) illustrates the morphology of chitosan analyzed by Scanning Electron Microscope (SEM)
micrographs, taken under four magnifications (500 pm, 1000 pm, 3000 pm and 5000 pm). As
observed, the lower magnification micrographs showed non-smooth and non-homogeneous surface
with straps and shrinkage, whereas higher magnification showed homogeneous surface (Islam et al.
2011).

Thermal stability of prepared chitosan was retrieved by thermogravimetric analysis (TGA) and
illustrated in Fig. 3(b). In the temperature range of 22-100°C, the first weight loss step was observed,
which corresponds to the loss of moisture (around 10%). In the temperature range of 248-600°C, a
non-oxidative thermal degradation was observed to be occur in chitosan under nitrogen flow, which
indicates the deacetylation, vaporization and elimination of volatile products (Wang et al. 2005).
According to the previous study (Qu et al. 2000), the degradation of chitosan starts with amino
groups forming unsaturated structures. During the pyrolysis of polysaccharides, the glyosidic bonds
split randomly, which further decomposes by forming acetic acids, butyric acids and a series of lower
fatty acids, where C,, Cs and Cs dominated (Nieto et al. 1991).
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(a) SEM images of chitosan at various magnifications (b) TGA thermogram of chitosan

Fig. 3 SEM images and TGA thermogram of chitosan
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(a) Chitosan samples CH 0.5% (1), CH 1% (2), (b) Leather samples L (4), L-CH 0.5% (1), L-CH
CH 2% (3) and acetic acid 1% (v/v) (4) 1% (2) and L-CH 2% (3)

Fig. 4 The antibacterial activity of chitosan samples and leather samples

3.3 Antibacterial assessment of chitosan and chitosan coated leather

The antimicrobial efficacy of chitosan and chitosan coated shoe lining leather was evaluated
against two gram positive (S. aureus, B. subtilis), two gram negative bacteria (E. coli, P. aeruginosa)
and a reputed fungi A. niger by means of agar diffusion test. Fig. 4(a) disclosed the zone of inhibition
of the different chitosan solutions CH 0.5%, CH 1%, CH 2% along with 1% (v/v) acetic acid. In the
Fig. 4(a), the clear zone of the petri dish was considered as inhibitory area. All selected bacteria were
found to be very sensitive to the prepared chitosan solutions. No antibacterial activity was found for
1% (v/v) acetic acid against E. coli, P. aeruginosa, B. subtilis and S. aureus., which indicates the
non-antibacterial activity of acetic acid. The remaining three samples inhibited the selected four
bacteria. Among all the samples, the CH 2% sample was very active to inhibit the bacteria. The
observed inhibition zones against all discussed strains were depicted in Table 2.

Table 2 Bacterial zone of inhibition (mm) of chitosan solutions, 1% (v/v) acetic acid, blank
leather and chitosan coated leather

Zone of inhibition in mm (diameter)

Sample name

E. coli S. aureus B. subtilis P. aeruginosa
CH 0.5% 14.5£0.62 19.5+0.43 17+1.21 20.7 £ 1.05
CH 1% 15.7+0.98 20.5+0.73 18.5 +1.03 20.4+0.89
CH 2% 19.3 £1.58 21+0.53 18.8 £ 0.63 20.81+1.29
1% (v/v) acetic acid 0 0 0 0
L 0 0 0 0
L-CH 0.5% 9+1.2 10 +0.34 9+0.71 8
L-CH 1% 93+0.52 10.5+.92 10+ 0.34 9

L-CH 2% 9.6+0.78 11+0.23 11.8 +£0.78 9.4




240 Yead Mahmud, Md. Minhaz Uddin, Nizam Uddin and Sayed Md. Shamsuddin

The results of the agar overlay test for sample leathers (L, L- CH 0.5%, L-CH 1% and L-CH 2%)
against the specific four bacteria are presented in Fig. 4(b). As observed in Fig. 4, the non-treated
chitosan solution sample (L) didn’t show any zone of inhibition. On the other hand, the leather
samples treated with chitosan solutions, showed significant inhibition zone (Fig. 4). The mean
inhibition zones of treated leather with different concentrations of chitosan solutions against E. coli,
B. subtilis, P. aeruginosa and S. aureus. were listed in Table 2. It was observed that the antibacterial
property increased with the concentration of chitosan and thus the sample L-CH 2% exhibited
excellent inhibitory effect against all the four bacteria. Ahmed et al. observed that the zone of
inhibition of 5% chitosan was 49.7 = 0.31, 33.4 + 0.53, 50.4 £ 0.71 against E. coli, S. aureus and P.
aeruginosa respectively (Ahmed et al. 2017). In our study, 0.5% chitosan showed the zone of
inhibition of 14.5 £0.62, 19.5 £ 0.43, 17 £ 1.21 and 20.7 & 1.05 against E. coli, S. aureus, B. subtilis
and P. aeruginosa respectively. On the contrary, 1% chitosan showed the zone of inhibition of 15.7
+ 0.98, 20.5 £ 0.73, 18.5 £ 1.03 and 20.4 £+ 0.89 against E. coli, S. aureus, B. subtilis and P.
aeruginosa respectively. In addition, 2% chitosan showed inhibition zone of 19.3 +1.58, 21 + 0.53,
18.8 £ 0.63 and 20.81 £ 1.29 against E. coli, S. aureus, B. subtilis and P. aeruginosa respectively.
Therefore, it was assumed that all the prepared chitosan solutions and chitosan treated leather
samples can inhibit the growth of E. coli, B. subtilis, P. aeruginosa and S. Aureus successfully.

3.4 Antifungal assessment of chitosan and chitosan coated leather

The antifungal activity of chitosan solutions like CH 0.5%, CH 1%, CH 2% along with 1% (v/v)
acetic acid was assessed by clear zone of inhibition against A. niger and shown in Fig. 5(a). It was
observed that 0.5% CH and 1% (v/v) acetic acid didn’t show inhibition zone. On the other hand, CH
1% and CH 2% showed inhibition zone even after 10 days. The mean inhibition zone was also shown
in Table 3, which declares that 2% chitosan solution had the highest zone of inhibition against 4.
niger.

Fig. 5(b) shows the development of inhibition zone of the leather samples, i.e., L, L-CH 1% and
L-CH 2% after 10-days. The leather samples L-CH 1% and L-CH 2% had the ability of inhibition
whereas blank leather L exhibited no zone of inhibition. The zone of inhibition was observed after
48 h. Even after 10 days L-CH 1% and L-CH 2% have shown inhibition zone. The mean inhibition
zone is also shown in Table 3, which indicates the excellent inhibitory effect of L-CH 2% against 4.
niger. Besides, the inhibition of L-CH 1% is better than the blank leather L. It was observed from
Table 3 that the antifungal properties increased with the concentration of chitosan. According to
Ahmed et al., the zone of inhibition of 5% chitosan was 53 + 0.94 and a drug standard antifungal
[Amphotericin B (100 pg)] was 23.7 + 0.46 against A. niger (Ahmed ef al. 2017). In this study, the

Table 3 Fungal zone of inhibition (mm) of chitosan solutions and chitosan coated leather

Sample name Zone of inhibition against A. niger in mm (diameter)
CH 0.5% 0
CH 1% 21.7+0.65
CH 2% 24 +0.89
L 0
L-CH 1% 8+£0.43

L-CH 2% 10.7 £0.57
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(a) 1% acetic acid solution, chitosan samples (b) Blank leather L, chitosan coated leather L-
CH 0.5%, CH 1% and CH 2% CH 1% and L-CH 2%

Fig. 5 The antifungal activity of prepared chitosan solutions, blank leather and chitosan coated leather

zone of inhibition showed by 1% and 2% chitosan was 21.7 = 0.65, 24 + 0.89 respectfully against
A. niger. Therefore, it was assumed that the prepared chitosan solutions like CH 1%, CH 2% and
thus leather samples treated with these samples have antifungal effect against A. niger.

3.5 Characterization of chitosan coated leather

Usually, the treatment of leather with prepared chitosan solutions produces a translucent thin
film on the surface. The pH of the leather L and chitosan coated leather surface was 3.7 and 3.5
respectively. Fig. 6 shows the ATR-FTIR spectrum of blank leather L, chitosan coated leather L-CH
1% and L-CH 2%. In case of blank leather L, the broad peak at 3782 cm™' and strong peak around
1450.47 cm™ indicating alcohol (-OH) and methylene groups respectively on the leather surface.
There are also peaks at 2862 cm™ and 2929cm™ due to single bond C-H stretching. The absorption
at 1649 cm™ for stretching of amide I group (Doyle et al. 1975) and 1591 cm™ for amide II group
(Vichi et al. 2018). Furthermore, the presence of fat and the hydrolysable tannin was confirmed by
the absorption at 2862 cm™ (Doyle et al. 1975) and bending C-O-C at 1286.52 cm™ respectively
(Vichi et al. 2018). Yakimets et al. labelled the region of 1800-1500 cm™ as complex IR bands due
to their correlations to the secondary structure of collagen and its interaction with the environment
(Payne and Veis 1988, Yakimets et al. 2005). Therefore, the blank leather sample L had amide I and
II group of collagens and hydrolysable tannins. Besides, the absorption peak at 2305 cm™ was
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Fig. 6 ATR-FTIR spectra of untreated and chitosan coated leather samples

appeared on the spectra (Fig. 6), which may be for animal fat used in fat liquoring operation. In
addition, the peak at 839 cm™ may be for bending aromatic ring and stretching of C-X bond which
indicated the dye used spread on leather in excess amount. In the spectra of L-CH 2% (Fig. 6), all
the absorption peaks as in the spectra of L were also found. The additional peaks were the absorption
band at 1325 cm™ for C-O stretching vibration of primary alcoholic groups, 2866 cm™ for aliphatic
C-H stretching and 3547 cm™ for O-H stretching overlapped with N-H stretching. The strong peak
at 1653 cm™ was assigned to the in-plane N-H bending vibration, which is a characteristic peak of
chitosan polysaccharide. It should be noted that some peaks were found to be shifted due to the
addition of chitosan in the treated leather sample. The spectra of L-CH 1% were almost identical to
the spectra of L-CH 2% (refer to Fig. 6). In this way, the presence of thin film of chitosan on treated
leather was confirmed.

The blank leather sample, both 1% and 2% chitosan treated leather samples were evaluated by
using SEM in order to verify the characteristics of thin film and the distribution of chitosan onto the
leather sample surface and shown in Fig. 7. The SEM micrograph of L-CH 1% reveals that a thin,
bright, transparent film was obtained on the leather substrate as well as the chitosan coating was
evenly distributed throughout the grain surface and homogeneously diffused through the pores.
Additionally, the pore structure of the treated leather sample was tighter than the untreated leather
sample and did not completely fill the leather pores. For this reason, the water vapor permeability
of L-CH 1% treated leather was almost similar as untreated leather. Although the microgram of L-
CH 2% leather sample looked similar as L-CH 1% surface but due to little high concentration of
chitosan, it filled the pores of the leather surface more. As a result, the water vapor permeability of
L-CH 2% was decreased compared with untreated leather.

The way to determine the processing has been carried correctly is to measure the ‘hydrothermal
stability’—its resistance to wet heat—-more commonly referred to as the ‘shrinkage temperature’. In
order to understand the thermal stability, the leather sample L, treated leather samples, L-CH 1%
and L-CH 2% were decomposed in the range of room temperature to about 600°C at a heating rate
of 20°C/min. The results of TGA and shrinkage temperature tests of treated and untreated leather
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Fig. 7 SEM image of untreated leather sample, L(A); 1% chitosan treated leather sample, L-CH 1%
(B) and 2% chitosan treated leather sample, L-CH 2% (C)

samples were presented in Fig. 8. For untreated leather sample, a very smooth loss of weight at
around 300°C was observed followed by the main decomposition step between 370°C and 450°C.

A first degradation stage at around 64°C was attributed to the release of water whereas a second
stage at about 220°C to 400°C is related to cleavage of collagen bonds from leather waste involving
the decomposition into CO; as well as some NOxy species. A third step occurred between 400-680°C
was attributed to the degradation of the polymer chains of higher molecular weight and leather
tanning agents. Banon et al. also studied the leather decomposition in the range of 25-800°C at four
heating rates (5, 10, 15 and 20°C/min) (Bafion et al. 2016). For treated leather samples, L-CH 1%
and L-CH 2%, there is a first weight loss (about 20%) at around 56-140°C and a second weight loss
(about 63%) at around 260-440°C. As the final temperature of the experiments was 600°C, the
constant loss of weight at high temperature for untreated and treated leather sample showed similar
trend. Therefore, it was found that chitosan incorporation doesn’t degrade the thermal stability of
treated leather.

3.6 Evaluation of physical and mechanical properties of leather samples

In order to check whether the strength of the modified leather samples were changed significantly
or not resulting in improved antimicrobial property, the leather samples L, L-CH 1% and L-CH 2%
were subjected to different tests, i.e., tensile strength, stitch tear strength, simple tear strength, tear
strength, water vapor permeability, perspiration fastness and dry/wet rub fastness.

3.6.1 Tensile strength test

The tensile strength test and percentage of elongation of leather samples L, L-CH 1% and L-CH
2% were shown in Table 4. The obtained results showed that incorporating chitosan increase the
tensile strength test and percent of elongation.
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Fig. 8 TGA thermogram of chitosan treated and untreated leather samples

3.6.2 Stitch tear strength and simple tear strength

The stich tear strength and simple tear strength tests were carried out to know the fiber strength
of prepared leather samples. Table 4 revealed the higher stich tear strength and simple tear strength
of chitosan coated leather than untreated leather.

3.6.3 Dry and wet rub fastness test

The dry and wet rub fastness test was carried to evaluate the properties of the thin film produced
due to coating of leather with chitosan and the results were shown in Table 5. The chitosan treated

Table 4 Physical strength of blank leather and chitosan coated leather

Physical strength L L-CH 1% L-CH 2%
Tensile strength(kg/cm?) 155 170 167
% of elongation 15 20 23
Stich tear strength (kg/cm) 80 100 115
Simple tear strength (kg/cm) 75 85 90

Table 5 Dry and wet rub fastness of blank and chitosan coated leather; gray scale rating (Cycle)

Sample Test Leather Cotton felt
name After 256  After 512 After 1024 After 256  After 512  After 1024

L o 2 - 4/5 4/5 - 5 4
LCHI% o2 - 4/5 4 . 4/5 4/5
L-CH2% R <& - 5 4 - 5 4

L o 2 4 3/4 - 3/4 3 ;
LCHI% £ & 45 4 . 3/4 3/4 :
L-CH2% =& 45 4 - 3/4 3 ;
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Table 6 Water vapor permeability of blank and chitosan coated leather

Sample name Water vapor permeability (mg/cm?-hr)
L 2.1
L-CH 1% 2.1
L-CH 2% 2.08

leather showed good performance compared to blank leather. It appears that the color fastness
property of the treated leather was not reduced for chitosan coating.

3.6.4 Water vapor permeability

Water vapor permeability test was carried out to determine the water-vapor permeability of
chitosan coated leather in order to pass through the vapor produced inside the shoe. Shoe lining
leather should have better water vapor permeability for the comfortness of the user. The water vapor
permeability of blank leather L, chitosan coated leather L-CH 1% and L-CH 2% compared in the
Table 6. The results clearly indicate similar water vapor permeability of the chitosan coated leather
as blank leather.

3.6.5 Perspiration fastness test

This method determines the fastness to color change of leathers due to passing perspiration
solution through it. The result of perspiration fastness test of the samples L, L-CH 1% and L-CH 2%
were tabulated in Table 7. It indicates that the perspiration fastness properties of the leather were not
reduced for coating with chitosan.

3.6.6 Shrinkage temperature

One of the very important properties of the processed leather are resistant to shrinkage when
subjected to moist heat. Raw hides or skins shrink very easily at temperatures of about 65°C, whereas
chrome tanning increases its shrinkage temperatures up to a maximum of around 110°C. The
shrinkage temperature determination for untreated leather (L) and chitosan treated leather L-CH 1%
and L-CH 2% were tabulated in Table 8. From the results, it was found that the untreated leather
shrinks at 106°C. After treating with chitosan solution, the treated leathers were shrinked at 108°C
and 109°C. As a result, the shrinkage temperature of leather increased for treating with chitosan
solution and it increases along with the increasing percentage of chitosan.

From the above described physical and mechanical test analysis, it was assumed that chitosan
treated crust leather showed better physical and mechanical properties than blank leather.

Table 7 Perspiration fastness test of blank and chitosan coated leather (gray scale rating)

Sample Cellulose Cotton  Nylon  Polyester Acrylic  Wool  Leather

L Grain 5 4 4 3/4 4 3/4 5
Flesh 4 4/5 4 4/5 4 4 5
Grain 4 4/5 3 4/5 4/5 3/4 5

L-CH 1%
Flesh 4/5 4/5 4 4/5 4/5 4 5
Grain 4/5 3/4 3/4 3/4 4 4/5 5

L-CH 2%
Flesh 4 3 3/4 4 4 4 5
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Table 8 Shrinkage temperature of blank and chitosan coated leather

Sample name Shrinkage temperature (°C)
L 106
L-CH 1% 108
L-CH 2% 109

4. Conclusions

In this study, the antimicrobial activity of chitosan-coated crust leather was successfully achieved.
Prepared chitosan was characterized by ATR-FTIR analysis, XRD pattern, SEM and
thermogravimetric analysis. The leather surface was treated with chitosan solution using PVAc
binder which helped to create a thin transparent film on the leather surface. The evaluation of
antibacterial activity of chitosan revealed that the inhibition zone of chitosan solution (2% w/v,
acetic acid) was 19.3 £ 1.58, 21 £ 0.53, 18.8 + .63 and 20.81 + 1.29 against E. coli, S. aureus, B.
subtilis and P. aeruginosa respectively. The inhibition zone of leather treated with chitosan solution
(2% w/v, acetic acid) was 9.6 £0.78, 11 £0.23, 11.8 £ 0.54 and 9.4 £ 0.78 against E. coli, S. aureus,
B. subtilis and P. aeruginosa respectively. It is also found that chitosan-coated leather has antifungal
activity against 4. niger. The inhibition zone of chitosan solution (2% w/v, acetic acid) and leather
treated with this solution against 4. niger was 24 + 0.89 and 10.7 = 0.57 respectively. As higher
concentration of chitosan has higher the inhibitory effect, the chitosan incorporation successfully
inhibits both microbial and fungal growths on the finished leather surface. Since a very low
concentration of chitosan is required to make the protective coating, this method can be employed
industrially as a low-cost as well as environmentally friendly alternatives to inhibit bacterial and
fungal attacks of finished leather product.
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