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THE INFLUENCE OF CHITOSAN TOWARDS ANTIBACTERIAL PROPERTIES IN NATURAL LEATHER

ABSTRACT. The abundant hydroxyl groups (-OH) of vegetable tanned leather enhances the bacterial growth possibility. In this work,
antibacterial vegetable tanned leather was developed taking advantage of chitosan antibacterial activity. Different chitosan utilization method
was conducted, namely drum impregnation and spraying. Antibacterial testing was carried out using agar diffusion method to identify the
effect of chitosan against Gram-positive bacteria (Staphylococcus aureus). The results showed that the use of 1% (w/v) chitosan by spraying
method tends to be more effective in improving the antibacterial properties of vegetable tanned leather. While, the leather sample of
drum impregnation at initial pH 4 has the lowest antibacterial activity among others. The results of FTIR analysis showed that there was no
significant difference between control and chitosan modified tanned leather, confirming the similar functional groups between it.
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INFLUENTA CHITOSANULUI ASUPRA PROPRIETI\TILOR ANTIBACTERIENE ALE PIELII NATURALE

REZUMAT. Grupdrile hidroxilice (-OH) care se gisesc din abundenta in pielea tabacitd vegetal favorizeazd cresterea bacteriana. Tn aceastd
lucrare s-a tratat pielea tabdcita vegetal cu chitosan pentru a-i oferi proprietati antibacteriene. Chitosanul a fost aplicat prin impregnare in
tambur si prin pulverizare. Testarea antibacteriana a fost efectuata folosind metoda de difuzie in agar pentru a identifica efectul chitosanului
asupra bacteriilor Gram-pozitive (Staphylococcus aureus). Rezultatele au aratat ca utilizarea a 1% chitosan (m/v) prin metoda pulverizarii tinde
sa fie mai eficienta in imbunatatirea proprietatilor antibacteriene ale pielii tabacite vegetal. Proba de piele impregnata cu chitosan in tambur
la pH-ul initial 4 are cea mai micd activitate antibacteriana, printre altele. Rezultatele analizei FTIR au ardtat cd nu a existat nicio diferenta
semnificativa intre proba martor si pielea tabdcita tratata cu chitosan, confirmand gruparile functionale similare ale acestora.

CUVINTE CHEIE: piele, antibacterian, chitosan

L'INFLUENCE DU CHITOSANE SUR LES PROPRIETES ANTIBACTERIENNES DU CUIR NATUREL

RESUME. Les groupes hydroxyle (-OH) que l'on trouve en abondance dans le cuir & tannage végétal favorisent la croissance bactérienne.
Dans cet article, la peau tannée végétale a été traitée avec du chitosane pour lui conférer des propriétés antibactériennes. Le chitosane a été
appliqué par imprégnation dans le tambour et par pulvérisation. Des tests antibactériens ont été réalisés en utilisant la méthode de diffusion
sur gélose pour identifier I'effet du chitosane sur les bactéries Gram-positives (Staphylococcus aureus). Les résultats ont montré que I'utilisation
de 1% de chitosane (m/v) par la méthode de pulvérisation tendent a étre plus efficace pour améliorer les propriétés antibactériennes du cuir
a tannage végétal. L'échantillon de cuir imprégné de chitosane dans le tambour au pH initial de 4 a, entre autres, I'activité antibactérienne la
plus faible. Les résultats de I'analyse FTIR ont montré qu’il ny avait pas de différence significative entre I'échantillon témoin et le cuir traité au
chitosane, confirmant leurs groupes fonctionnels similaires.

MOTS CLES : cuir, antibactérien, chitosane
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INTRODUCTION

The challenges of the global industry
are improving dynamically following various
pressures including globalization of world
trade, standardization, and also government
regulations. If in the past the operating system
focused on low costs, in the present era it is
expected that the operating system is also
considerate to environmental problems.
Especially in leather section, the establishment
of the ASEAN Free Trade Area (AFTA) since 2015,
increasing competition in the global leather
market [1]. Therefore, alternative tanning
processes that are more environmentally
friendly are needed, especially considering
the leather tanning industry which has been
known as a waste contributor industry. The use
of chrome as a main tanning agent is known to
be a health and environmental risk. Alternative
to environmentally friendly tanning processes
can be considered with the utilization of natural
tanning agent. However, the durability problem
is still the limitation of natural leather.

The vegetable tanning agent (tannin)
contains abundant hydroxyl groups (-OH), thus
vegetable tanned leather has the potential to
be a good bacterial growth medium [2]. Coating
process is one of the efforts that can be done to
increase the leather antibacterial properties [3].
Various antibacterial agents have been developed
to produce antibacterial properties in a material.
Some organic materials that have been widely
developed as antibacterial agents are Eucalyptus,
Lavender [4], Origanum minutiflorum [5], and
chitosan [3, 6]. Chitosan is an organic material
that has high potential to be developed as an
antibacterial agent. Chitosan (a- (1-4) -2-amino-
2-deoxy-B-D-glucan) is a chitin derivative that
is abundant, non-toxic, and easily degraded in
nature [7]. The antibacterial ability of chitosan
to microorganisms such as bacteria, molds and
fungi has become an interesting study in various
fields. Some research to confer antimicrobial
capacity in the leather industry have been

reported as a result of the use of a methacrylic
acid—acrylamide—chitosan copolymer [8],
development of chitosan-based antimicrobial
leather coatings in footwear material made
from wet blue (chrome tanning) [3], and initial
study of chitosan utilization in natural leather
[9]. However, those previous studies have not
observed yet the effect of different concentration
and the utilization method of chitosan towards
the antibacterial properties of natural leather.
It is expected that through the experimental
application with several method variations, the
optimal conditions for the use of chitosan as an
antibacterial agent on natural skin is obtained.

EXPERIMENTAL

Materials and Methods

Materials

Chitosan (Pharmaceutical Grade)
corresponding to flakes with size 149 um,
deacetylation degree 94%, and dynamic viscosity
of 100 mPa.s purchased from CV. ChiMultiguna
was used. Chitosan solutions were prepared
by mixing the desired amount of chitosan in
formic acid aqueous solutions (2%, v/v), with
stirring overnight (200 rpm at 502C) [3]. Formic
acid was chosen since it is the most referred in
the literature and due to its use in the tanning
industry (Tannin and Dye Fixation Stage).
Instrumentations

Characterization using Fourier Transform
InfraRed (FTIR) (Perkin-Elmer) was carried out to
determine functional group of leather sample.
Leather Samples Coating Processes

Sheep pickled skins were processed by
vegetable tanning method. Leather samples
were collected after fatliquoring fixation stage
(Figure 1). Different approaches for coating were
tested at a pilot scale, they were:

a) Impregnationusingdrum:impregnations
were carried out at different initial pH
(3 and 4), using 1.0% (chitosan/leather
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ratio, w/w), prepared in 2% (v/v) formic
acid solutions. The initial pH variation of
impregnation was conducted to identify
the effect of pH on the antibacterial
activity of chitosan. The absorption of
chitosan to the leather was analyzed
by comparing the initial concentration
of chitosan with the concentration of
chitosan after the process is finished

SHEEP PICKLED
SKIN

VEGETABLE
TANNING

FATLIQUORING :’>| DRYING \

CHITOSAN COATING |
{Impregnation in Drum)

(residual).

b) Spraying: chitosan solution (1%, w/y,
formic acid) was applied as a finishing
step using the spray-gun placed at a
distance of 14 cm from the leather
sample. For control purposes, leather
samples without chitosan coating were
prepared.

CHITOSAN COATING
(Spraying]

Figure 1. Procedure Scheme in Experiment

Antibacterial Activity Assays

Antibacterial testing was carried out using
agar diffusion method to identify the effect
of chitosan against Gram-positive bacteria
(Staphylococcus aureus). Briefly, the bacteria
inoculum was prepared by aseptically transferring
4 jsolated colonies to nutrient broth, which
was then incubated during 24 h at 37+19C. The
inoculum was diluted to 0.5 McFarland turbidity
standard (corresponding to a concentration of
1.5-3.0x108 CFU/mL). Antibacterial activity test
was conducted by placing the leather sample
(2cmx2cm) on a petri dish containing 0.5mL of
bacterial inoculant in 20mL nutrient agar. The
Petri dish was then incubated for 24 hours at
37+1°C. Bacterial growth inhibition was observed
by measuring the clear area at the edge of the
leather sample in Petri dish.

RESULTS AND DISCUSSIONS
FTIR Analysis

The results of the infrared absorption
of leather control were shown in Figure 2. The
stretching vibration of O-H and it of N-H from
collagen were proven by the appearance of
broad absorption bands due to the formation
of hydrogen bonds in the region 3402 cm
1. The band at 2924 cm® was resulted from
the stretching vibration of the C-H bond [10].
Amide | absorption was observed at wave
number of 1651 cm™ which was the stretching
vibration of the collagen carbonyl group.
This absorption band was overlapping with
absorbance of -OH bending vibration. Amide Il
characteristic absorption shown at 1543 cm?
due to C-N stretching vibration overlapping with
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N-H bending vibration [11-14]. The stretching
vibration of C-N was also observed at 1450 cm™.
The absorption band at 1234 cm™ was attributed
to the presence of amide Il of leather [12].

Meanwhile, the absorption of the methylene
group appeared at the 1342 cm?, and the
stretching vibrations of C-O-C were seen in the
region of 1034-1165 cm™[10].

a
5 b
8
- C
B

d
4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (1/cm)

Figure 2. FTIR spectra. Control (a), impregnation in drum at initial pH 3 (b), pH 4 (c), spraying (d)

FTIR spectra showed no significant
alteration between the infrared absorption of
control leather with chitosan modified leather.
This happened because the functional groups in
chitosan were the same as the functional groups
in the control leather, containing methylene,
amine and carbonylgroups. The broad absorption
band in the region of 3380-3400 cm™ and 555-
617 cm* showed the existence of O-H and N-H
stretching vibrations from collagen and chitosan
[10, 14]. The absorption band was observed to be
broader after being modified with chitosan. This
phenomenon proved that more hydrogen bonds
were formed due to chitosan modification in the
leather. The presence of a methylene group was
characterized by the visible absorption at 2924-
2932 cm™ as asymmetrical stretching vibrations
and 1335-1342 cm? as bending vibrations
[10, 15, 16]. Based on Figure 5, there was no
wavenumber shift of amide groups |, Il, and IIl. It
showed that there were no alteration bonds due

to the modification chitosan in the leather.

Effect of Initial pH and Different Type of Coating
on Antibacterial Activity of Chitosan

By visually observing the inhibition zones
displayed around the samples coated, the

spraying sample treatment showed the largest
inhibition zone among the treatments (Figure
3). The difference is increasingly visible in the
measurement results of bacterial inhibition
area. The result showed that though was not
statistically significant, the highest value of
bacterial inhibition area was shown in the
spraying sample group with a value about
582.67 mm? (Table 1). Meanwhile, the tendency
of antibacterial activity of the drum method at
pH 3 and 4 were less effective as the lower value
of inhibition area than the control. Based on the
results obtained there is a tendency that the
use of chitosan as an antibacterial on vegetable
tanned leather was more effective in the spraying
method compared to the impregnation method
in the drum.
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(b)

(d)

Figure 3. Measurement of antibacterial activity using agar diffusion method: a) control; b) spraying;
c) impregnation in drum at initial pH 3; d) pH 4

Table 1: Bacterial inhibition area

Inhibition Area (mm?)

No Leather Samples 1 5 3 Average
1 Control 500 500 561 520,33
2 Spraying 500 624 624 582,67°
3 pH 3 (1%) 500 500 500 500,00°
4 pH 4 (1%) 384 276 276 312°

2b) pifferent superscripts in the same line showed the significant difference among the treatments

This phenomenon can be explained that
basically in addition to chitosan, antibacterial
activity was also influenced by the interaction
of vegetable tanning agent (tannin) against
the leather. Vegetable tanning agent that
used in this study was mimosa, which was
the type of vegetable condensed tannin. This
type of vegetable tanning agent consists of
flavonoid structures, some of them were in
the form of gallocatechin and epigallocatechin
[17]. Flavonoids have specific antibacterial
mechanism depending on the type of flavonoid.
For example, epigallocatechin has antibacterial
mechanism by inhibiting the function of
cytoplasmic membrane [18].

In the case of spraying leather, the
surface of vegetable tanned leather is rich of
polyphenol groups thus had high possibility

to react with chitosan in several possible bond
types. Including covalent bonding (Figure 4)
as well as the hydrogen bond between -OH of
the polyphenol group and amine of chitosan
[19]. The interactions formed by chitosan and
polyphenols on the surface of the vegetable
tanned leather affect the enhancement of the
antibacterial properties of leather. Chitosan
antibacterial mechanism can be affected by
the interaction between the positively charged
chitosan and the negatively charged microbial
cell wall leads to the leakage of the intracellular
constituents. The binding of chitosan with DNA
and the inhibition of mMRNA synthesis occurs
via the penetration of chitosan into the nuclei
of the microorganisms and interfering with the
synthesis of MRNA and proteins [20].

Revista de Pieldrie Incdltdminte 20 (2020) 4

429



Mustafidah UDKHIYATI, Nur Mutia ROSIATI, Fitrilia SILVIANTI

HOH,C L o HO—‘ CH,0H
"HN—
0 OH oH ° N é
H 0
o} N OH OH
HOH,C OH 10— CH,OH
N—
:O H o O §
é :
o °
° HO—, CH,OH
0 N
| H " Ho N_ ©
HOH,C OH H H o
o Ho—f :l—CHZOH
f <—NH ¥ N
0 3 HyN—
HOH,C L__OH o /7
o K

Figure 4. Interaction model of chitosan bonding on the natural leather surface

Meanwhile, the different possible
interaction of chitosan in the drum method
leather affect the antibacterial properties of
leather. The possible interactions are hydrogen
bonding between chitosan and collagen (Figure
5) and covalent bonding between chitosan and
polyphenol on the leather surface as occurred in
the spraying leather (Figure 4). The presence of
amine groups in chitosan initiates the formation
of strong hydrogen bonds between phenolic
groups and amine groups in chitosan [19]. The
direct interaction of chitosan and collagen allows
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the reduction of interaction between tannins
and leather, thereby exerting an influence on
the antibacterial effect produced by tannin. This
phenomenon might explain the low antibacterial
properties of the drum impregnation method
group. Antibacterial properties of leather group
with chitosan impregnation treatment at initial
pH 4 showed the lowest significantly among
the other three groups. This is thought to be
influenced also by the differences in levels of
chitosan that is absorbed into the leather.
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Figure 5. Interaction model of the hydrogen bonding between chitosan and collagen

Based on the results obtained, chitosan
residual amount in waste of the drum method
group with initial pH 4 higher than the pH 3
(Table 2). It showed that the amount of chitosan
absorbed into the leather on pH 3 higher than
pH 4 group. The higher amount of chitosan
absorbed in the leather has been clearly proven
to increase the antibacterial properties of the
leather. The antibacterial ability of chitosan
is strongly influenced by pH. This is related to
the level of solubility of chitosan in an acidic
atmosphere, and the change in the chitosan
molecule to polycationic as the pH decreases

below pKa (6.3-6.5) [21, 22]. The polycationic
structure of chitosan is a prerequisite for
antibacterial activity. As environmental pH is
below the pKa of chitosan and its derivatives,
electrostatic interaction
polycationic structure and the predominantly
anionic components of the microorganisms’
surface [22]. Although according to previous
studies it was mentioned that the antibacterial
properties of chitosan decreased below pKa (6.3-
6.5), but in this experiment at pH 4 a decrease in
the antibacterial ability of chitosan has begun.

between the
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Table 2: Chitosan residual determination

Weight of chitosan residual deposition in waste

No Sample (gram) Average
1 2

1 pH 3 (1%) 0.035 0.033 0.034

2 pH4(1%) 0.072 0.037 0.055

CONCLUSIONS

The evaluation of antibacterial activity
of chitosan against Gram-positive bacteria
(Staphylococcus aureus) based on different
method confirmed that theimpregnationindrum
method sample have lower antibacterial activity
than spraying. There is a tendency that the use of
chitosan as an antibacterial on vegetable tanned
leather was more effective in the spraying
method compared to the impregnation method
in the drum, showed by the highest value of
bacterial inhibition area about 582.67 mm?. The
leather sample of drum impregnation at initial
pH 4 has the lowest antibacterial activity among
others. Meanwhile, based on FTIR spectra there
was no alteration absorption bands due to the
modification chitosan in the leather.
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