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CITRIC ACID AS AN EFFECTIVE AND SAFE FIXING AGENT IN VEGETABLE TANNING PROCESS OF GOATSKIN
ABSTRACT. Formic acid is known as a fixing agent in vegetable tanning process but this material is corrosive and irritant. Citric acid has the
potential to be developed as an alternative fixing agent. This research aims to study the ability of citric acid as an alternative fixing agent in
the tanning process, especially vegetable tanning of goatskin. The tanning process was carried out by the drum method. Pickled goatskins
were tanned with mimosa and then fixed with citric acid. The concentration of citric acid varied from 1%; 1.5%; 2%; 2.5%; to 3%, to determine
the optimum concentration. A fixing agent of 2% formic acid was used as a control. The results show that the control skin had similar
characteristics to the treated skin. Physical properties of T4 have met the standard of SNI 0253-20009. It can be concluded that the optimal
concentration of citric acid that can be used as an alternative fixing agent in vegetable tanning process of goatskin is 2.5%.
KEY WORDS: tanning, skin, fixing agent, citric acid

UTILIZAREA ACIDULUI CITRIC CA AGENT DE FIXARE EFICIENT SI SIGUR TN TABACIREA VEGETALA A PIEILOR DE CAPRA

REZUMAT. Acidul formic este cunoscut ca agent de fixare in procesul de tabdcire vegetald, insa acest material este coroziv si iritant. Acidul
citric are potentialul de a fi utilizat ca agent de fixare alternativ. Aceasta lucrare de cercetare isi propune sa studieze capacitatea acidului citric
ca agent alternativ de fixare in procesul de tabdcire, in special la tabacirea vegetala a pielii de capra. Tabdcirea s-a realizat in butoi. Pieile de
capra piclate au fost tabacite cu mimosa si apoi fixate cu acid citric. Concentratia acidului citric a variat de la 1%; 1,5%; 2%; 2,5%; la 3%, pentru
a determina concentratia optima. S-a utilizat ca martor un agent de fixare pe baza de acid formic 2%. Rezultatele aratd ca pielea martor a avut
caracteristici similare cu pielea tratata. Propriettile fizice ale T4 au indeplinit cerintele standardului SNI 0253-2009. Tn concluzie, concentratia
optima de acid citric care poate fi utilizatd ca agent de fixare alternativ in procesul de tdbacire vegetala a pieilor de capra este de 2,5%.
CUVINTE CHEIE: tabdcire, piele, agent de fixare, acid citric

L’UTILISATION DE LACIDE CITRIQUE COMME AGENT DE FIXATION EFFICACE ET SOR DANS LE PROCESSUS DE TANNAGE VEGETAL DE LA
PEAU DE CHEVRE

RESUME. L'acide formique est connu comme agent de fixation dans le processus de tannage végétal, mais ce matériau est corrosif et irritant.
L'acide citrique a le potentiel d’étre développé comme agent de fixation alternatif. Cette recherche vise a étudier la capacité de I'acide citrique
comme agent fixant alternatif dans le processus de tannage, en particulier dans le tannage végétal des peaux de chévre. Le processus de
tannage a été effectué par la méthode du tambour. Les peaux de chévre picklées ont été tannées au mimosa puis fixées a I'acide citrique. La
concentration en acide citrique a été variéede 1%; 1,5%;2%; 2,5 % ; a 3 %, pour déterminer la concentration optimale. Un agent de fixation
a base d’acide formique a 2% a été utilisé comme témoin. Les résultats montrent que la peau témoin avait des caractéristiques similaires a la
peau traitée. Les propriétés physiques du T4 ont satisfait a la norme SNI 0253-2009. On peut conclure que la concentration optimale d’acide
citrique qui peut étre utilisée comme agent de fixation alternatif dans le processus de tannage végétal de la peau de chevre est de 2,5 %.
MOTS CLES : tannage, peau, agent de fixation, acide citrique
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INTRODUCTION

Nowadays, environmental factors have
become a big issue in leather tanning process.
Even the leather tanning industry needs to have
an eco-green technology label which shows
that the industry is environmentally friendly [1].
The tanning process cannot be separated from
the fixation stage which affects the formation
of the bond between skin collagen and tanning
agent. This stage needs a chemical as a fixing
agent that can arrange the charge of skin so
that the bond can be formed. Various fixing
agents are used depending on the material
that will bind to skin protein. Chromium(lll) and
polyamines can be used as fixing agents for dyes,
while polyacrylate is used as a fixing agent for
chromium(lll) [2]. This is due to its ability to form
complexes through carboxylate groups. Sodium
edate, tetrasodium edate, and trisodium citrate
have also been reported to be used as fixing
agents for fabric dyeing agents, where the fabric
has functional groups similar to that of skin [3-
4]. Formic acid is known as a fixing agent that
is often used in the tanning process, especially
in vegetable tanning process [5-9]. Formic acid
combined with mineral acid as a fixing agent
during the post-tanning operation also has been
reported in a previous study [10]. Formic acid
produces hydrogen ions (H*) in the solution,
resulting in the breaking of the salt bridges in
skin protein. From a health perspective, formic
acid is a corrosive and irritant chemical that also
may cause severe skin burns. This has led some
regions to apply occupational exposure limit
values as a precaution. In addition, formic acid
is expensive from an economical perspective
[10]. Therefore, a safer and more effective fixing
agent in the tanning process is needed.

One acid material that is easily found is
citric acid. Citric acid is a weak acid that can be
produced synthetically or naturally from fruits
and vegetables, especially citric fruits [11]. It
also has properties that are safe for the human
body so there is no tendency to burn or irritate
the skin. The presence of H* ions in the citric acid
causes this acid to be used as a fixing agent in the
tanning process. Therefore, identification of the
ability of citric acid as a fixing agent was carried
out in this study.

EXPERIMENTAL
Materials and Methods
Materials

The materials used were 6 sheets of pickled
goatskins, mimosa (Mimosa ME produced by
SODA), mimosa sulphited (produced by SODA),
naphthalene sulphonates (Coralon OT produced
by STAHL), sulphited oil (Derminol OCS produced
by STAHL), citric acid (PT Golden Sinar Sakti) and
sodium bicarbonate (NaHCO,).

Methods

The pickled goatskins were processed
through vegetable tanning using the drum
method. The formulation of the tanning process
is shown in Table 1. Variation of fixing agent
in this study was divided into 5 treatments:
treatment 1 (T1; 1% citric acid), treatment 2
(T2; 1.5% citric acid), treatment 3 (T3; 2% citric
acid), treatment 4 (T4; 2.5% citric acid), and
treatment 5 (T5; 3% citric acid). Control (TO;
2% formic acid) was used as a comparison. The
vegetable-tanned skins were then characterized,
including FT-IR analysis, shrinkage temperature,
tensile strength, elongation, and tear strength.
Treatment skin with the best physical properties
was then analyzed using SEM (Scanning Electron
Microscope) and compared to control skin.

RESULTS AND DISCUSSIONS
Tanning Process

Fixation stage has a major role in the
tanning process because it determines the skin
charge that results in interaction with the tanning
agent. In general, fixation in vegetable tanning
process involves acid as a fixing agent. This acid
donates hydrogen ions to the collagen skin so
that the charge becomes positive. In addition,
the acid will lower the pH of the system.

Vegetable tanning process conducted
in this study was carried out using citric acid
as a fixing agent. Citric acid lowers the pH of
the solution so that the pH at fixation stage is
below the isoelectric point of the skin. The pH at
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Table 1: The stages of vegetable tanning process of goatskin

Stage Process Chemical Time (min)

pH Adjustment 200% Water

2.5% NaHCO, 90
Pretanning 200% Water

4%  Coralon OT 45
Tanning 10% Mimosa sulphited 60

3% Derminol OCS 45

15% Mimosa 120

4%  Coralon OT 15
Fixation 1;1,5; 2; 2,5; 3% Citric acid or 2% Formic 30

acid

fixation stage in this study is presented in Table
2. It describes the fixation done at a pH of 3.5
when using formic acid and in the pH range of
4.2 to 4.5 in the use of citric acid. It is proved
in previous studies that the skin proteins have
strong internal cross-links in the isoelectric
point range of skin, which is around pH of 5 to
7 [12-13]. This is due to the opposite charge of
the protein being at its maximum. In addition,
the spatial conditions of the protein chains are
interconnected to form strong internal links,
both from salt bridges and coordinate cross-
links of hydrogen bonds. The addition of acid
can decrease the pH of the system so that
some of the salt bridges are broken due to the
protonation of the carboxyl ion (Figure 1). This
also causes the breaking of hydrogen bonds as a
result of further crosslinked groups. Therefore, a
new coordination group is formed that can react
with the tanning agent [13].

Table 2: pH value of solution in fixation stage

Materials pH of solution
T0 3.5
T1 4.5
T2 4.5
T3 4.2
T4 4.2
T5 4.2
P-CO; ------ H3aN*-P  Protein at isoelectric point (zero charge)

e

P-COzH (acidic) + H3N*-P

Figure 1. The effect of acid addition on the
breaking of salt bridges in skin protein

Formic acid has a different pKa than citric
acid. Formic acid in aqueous solution undergoes
one stage of ionization (pKa = 3.74), while citric
acid undergoes three stages of ionization (pK_,
=3.13; pK , = 4.77; pK_, = 6.40) [14]. According
to Table 2, it is known that the fixation using
citric acid was carried out at a pH below the pKa
of formic acid for the control skin and below
the pKa, of citric acid for the treated skin. This
explains that fixation occurs with the help of
H* ions resulting from the ionization of formic
acid and citric acid. This phenomenon is in
accordance with Gustavson’s (1954) explanation
above which states that the addition of acid can
cause the skin to react with tanning agents [13].
Therefore, citric acid can also be used as a fixing
agent in vegetable tanning process.

Mimosa is a condensed vegetable tanning
material. This type of tanning material can react
with collagen through hydrogen bonds and quinoid
species to produce covalent bonds [2]. Therefore,
a model of the structure of vegetable-tanned skin
that is possible to form is shown in Figure 2.

The optimum concentration of citric acid
that can react with the protein of the skin is 2%
(Figure 3). An increase in the amount of reacted
citric acid was observed at concentrations of 1%
to 2%. This phenomenon states that the number
of H*ions required for the fixation reaction is not
sufficient at a concentration of 1%. Meanwhile,
the amount of citric acid that reacts with the
skin tends to be constant if the concentration
of citric acid used is greater than 2%. This can
happen because the number of H" ions needed
has reached the saturation point. Therefore,
the addition of citric acid concentration did not
significantly affect the fixation reaction.
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Figure 2. Hypothetical structure of vegetable-tanned skin
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Figure 3. The concentration of citric acid (N): (a) added in the fixation stage and (b) reacts with
collagen skin
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Functional Groups

The vegetable-tanned skin is then
characterized by FTIR spectrophotometer to
identify the functional groups in the product.
The result of infrared absorbance shows that the
vegetable-tanned skin exhibits the characteristic
absorbances of hydroxyl, methylene, and amide
(Figure 4). The stretching vibrations of O-H are
observed at 3398 cm™ and 563 cm™® [15]. Those
bandsareabroad duetothe presence of hydrogen
bonding. The vibration band at 2932 cm™ comes
from the asymmetric stretching vibration of C-H.
Furthermore, the methylene group is detected
at 1335 cm? [16-17]. Containing collagen,
the absorbance of amide is observed at 1636
cm? from the stretching vibration of carbonyl
collagen of amide I. The bending vibration of -OH
also occurs at this wavenumber range, resulting
in overlapping bands. Characteristic absorption
of amide Il is shown at 1543 cm™ coming from
stretching vibration of C-N and overlapping
with N-H bending vibration band [15, 18-20].
Moreover, absorption of C-N is also detected
at 1450 cm™. The absorption band at 1234 cm™?
proves the presence of amide Ill [19]. Whereas
stretching vibration of C-O-C is observed at a
wavenumber range of 1034-1111 cm™ [16].

The use of formic acid as a fixing agent in
control leather does not significantly affect the
absorption band pattern of the skin. Likewise,
for the use of citric acid in sample leather, the
absorption bands resulted show that the leather
has the same functional groups as skin. This
is due to the fixing agents, both formic acid in
control leather and citric acid in the sample, do
not change the functional groups of the leather.
The intensity of the absorption band of sample T1
is lower than that of other samples. This should
be due to the fact that the amount of citric acid
is not sufficient so that the mimosa could not be
maximally fixed into the skin.

Ifthecitricgroupisattachedtothe material,
it will result in the absorption of asymmetric
stretching of COO", symmetric stretching of COO
and stretching of CH, respectively at 1629 cm?,
1383 cm™ and 1054 cm™ [21]. The presence of
these absorption bands is difficult to observe
due to the overlapping band of other functional
groups. However, the similarity of the absorption
bands between unfixed tanned leather and fixed
tanned leather, indicates that the citric group is
not bound to the skin. This confirms that only
the H* ion of acid is involved in the fixation stage.

2T (A

4000 3600 3200 2800 2400

2000 1600 1200 800 400

Wavemunber (1/cm)

Figure 4. Infrared spectra of goatskins: (a) before fixation, (b) TO, (c) T1, (d) T2, (e) T3, (f) T4, (g) T5
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Shrinkage Temperature

Shrinkage temperature is the temperature
when the collagen structure of the skin begins
to shrink by heating in a water medium [22].
Shrinkage temperature of the skin was measured
to identify its stability to heat. Because of
the same fixation reaction mechanism in the
control skin as in the treated skin, there is no
significant difference between the two (Table
3). The difference in shrinkage temperature
shows the difference in the strength of the
interaction between collagen and mimosa. This
is following the statement of Covington (2009)
that the difference in shrinkage temperature is
influenced by the different types of reactions
that occur [2]. Based on the structural model
in Figure 2, it is known that collagen can bind
to mimosa in two ways. The first way is the
formation of hydrogen bonds, while the second
is the formation of covalent bonds. The stronger
covalent bond than the hydrogen bond causes
the sample that has more covalent bonds to
have a higher shrinkage temperature. This
happens because it takes higher energy to break
the covalent bond. The optimum shrinkage
temperature is obtained when using 1.5% citric
acid. This concentration is smaller than the
required formic acid concentration (2%). This
is possible because citric acid is a triprotic acid
so it has a higher number of H* ions that can
be donated than formic acid. Meanwhile, the
number of cross-links also depends on the size
of the polyphenolic molecule and the number
of -OH groups of tannin molecules present [23].

Table 3: Shrinkage temperature of vegetable-
tanned skins

Materials Shrinkage temperature (°C)
T0 79
T1 76
T2 82.3
T3 76
T4 77
T5 80

In order to tan using vegetable extracts, the
hides must be in contact with the extracts for
a considerable time. The reason for this is that
vegetable extracts are not simple products; they
are composed of organic molecules of different
molecular sizes [24]. It may be possible that
the number of -OH groups of tannin molecules
presentin T2 is greater than others. This explains
the different shrinkage temperatures even in
similar fixation pH.

Tensile Strength, Elongation, and Tear Strength

Physical properties of tanned goatskin
including tensile strength, elongation, and tear
strength were tested. Tensile strength is the
amount of load needed to pull tanned goatskin
until the collagen fibers are broken. Meanwhile,
elongation is a measure of the stretch
characteristics of tanned goatskin produced by
a tensile load. The tear strength indicates the
maximum limit of the skin to be torn. The results
are presented in Table 4.

Table 4: Physical properties of vegetable-tanned skins

Materials Tensile strength (N/cm?) Elongation (%) Tear strength (N/cm)
TO 2163.23 30.42 112.03
T1 1257.52 40.12 94.56
T2 1521.2 25.78 81.3
T3 2402.12 26.92 111.9
T4 1604.97 48.44 167.44
T5 1787.94 26.20 91.66
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The test result in Table 4 shows that there
is no definite trend between the difference in the
amount of citric acid and the physical properties.
In addition, it is also known that the physical
property values of the sample revolve around its
control, indicating similar strength interaction on
skin. When compared to SNI1 0253-2009 [25], not
every skin meets the standard. This indicates that
the skins need to be further processed in post-
tanning to obtain the appropriate properties.
Among these skins, the skin that has met the SNI
0253-2009 standard is T4.

T e —

24 Sep 2020

SEl  10kV ‘WD9mm 5830 x50
LAB.TERPADU UNDIP 0000

(a)

Surface Morphology

SEM analysis was employed to observe
the surface morphologies of the control and
sample (T4). The results are shown in Figure 5. It
can be seen that the grain surface of the sample
is flatter and fuller compared to the control.
This is possible due to the filling effect resulting
from the interaction of collagen and citric acid.
Citric acid, which is a triprotic acid, provides a
higher pH value in the system than formic acid.
This allows the reaction between collagen and
mimosa to be slower, resulting in a more flat and
fuller tanned skin.

SEI  10kV WD9mm S8 x50
LAB.TERPADU UNDIP 0000

BT D ——

24 Sep 2020

(b)

Figure 5. Surface morphology of vegetable-tanned skins: (a) TO and (b) T4

CONCLUSIONS

Citric acid can be used as an alternative fixing
agent to substitute formic acid in vegetable tanning
process. The control skin had similar characteristics
to the treated skin. The optimal concentration of
citric acid as a fixing agent is 2.5%, which has met
the standard of SNI 0253-2009.

Acknowledgements

This work was supported by Politeknik
ATK Yogyakarta through Research Grant of Riset
Pembinaan, No. 178/SK/BPSDMI/ ATK/XI1/2019.

REFERENCES

1. Krishnamoorthy, G., Sadulla, S., Sehgal, P.K.,
Mandal, A.B., Greener Approach to Leather
Tanning Process: D-Lysine Aldehyde as Novel
Tanning Agent for Chrome-Free Tanning, J
Clean Prod, 2013, 42, 277-286, https://doi.
org/10.1016/j.jclepro.2012.11.004.

2. Covington, T., Tanning Chemistry: The Science

of Leather, RSC Publishing, Cambridge, 2009.

3. Ahmed, N.S.E.,, The Use of Sodium Edate
in the Dyeing of Cotton with Reactive Dyes,
Dyes Pigm, 2005, 65, 221-225, https://doi.
org/10.1016/j.dyepig.2004.07.014.

4. Farha, S.A.A.,, Gamal, A.M., Sallam, H.B.,
Mahmoud, G.E.A., Ismail, L.F.M., Sodium
Edate and Sodium Citrate as an Exhausting
and Fixing Agents for Dyeing Cotton Fabric
with Reactive Dyes and Reuse of Dyeing
Effluent, J Am Sci, 2010, 6, 10, 109-127.

5. Purnomo, E., Teknik Pasca Tanning Kulit Besar
(Hide), Politeknik ATK Yogyakarta, Yogyakarta,
2017.

6. Rachmawati, L., Anggriyani, E., The Use of
Glutaraldehyde Tanning Materials for Goat
Skin Tanning, Bulletin of Animal Science, 2018,
42, 2, 145-149, https://doi.org/10.21059/
buletinpeternak.v42i2.27721.

7. Anggriyani, E., Nugroho, A.R., Rosiati, N.M.,
Technology of Reducing Cr(VI) on Leather
Processing Using Mimosa as Retanning Agent,
Leather and Footwear Journal, 2019, 19, 1,
67-72, https://doi.org/10.24264/1fj.19.1.8.

Revista de Pielarie Incaltaminte 22 (2022) 4



N.M. ROSIATI, M. UDKHIYATI

8. Purnomo, E., Wazah, Udkhiyati, M., Rosiati,
N.M., Tanning Alami, Politeknik ATK
Yogyakarta, Yogyakarta, 2019.

9. Rosiati, N.M., Udkhiyati, M., Silvianti, F.,
Characterization of Silica/Silver Based-
Antibacterial Leather, Leather and Footwear
Journal, 2020, 20, 2, 109-118, https://doi.
org/10.24264/1fj.20.2.2.

10.Fathima, N.N., Rao, J.R., Nair, B.U., Cost
Effective Fixing Process for Post Tanning
Operation, J Am Leather Chem Assoc, 2010,
105, 100-106.

11.Lee, S.H., Tahir, P.Md., Lum, W.C., Tan,
L.P., Bawon, P.,, Park, B.D., Edrus, S.S.0.A,,
Abdullah, U.H., A Review on Citric Acid as
Green Modifying Agent and Binder for Wood,
Polymers, 2020, 12, 1692, 1-21, https://doi.
org/10.3390%2Fpolym12081692.

12.Thomas, A\W., Kelly, M.W., The Influence of
Hydrogen-lon Concentration in the Fixation
of Vegetable Tannins by Hide Substance, Ind
Eng Chem, 1923, 15, 11, 1148-1153, https://
doi.org/10.1021/ie50167a017.

13.Gustavson, K.H., Interaction of Vegetable
Tannins with Polyamides as Proof of the
Dominant Function of the Peptide Bond of
Collagen for Its Binding of Tannins, J Polym Sci,
1954, 12, 317-324, https://doi.org/10.1002/
pol.1954.120120126.

14.Petrucci, R.H., Harwood, W.S., Herring, F.G.,
Madura, J.D., Kimia Dasar: Prinsip-Prinsip
dan Aplikasi Modern Edisi kesembilan Jilid I.
(Terjemahan oleh Suminar Setiati Achmadi),
Penerbit Erlangga, Jakarta, 2011.

15.Djobo, Y.J.N., Elimbi, A., Dika Manga, J.,
Djon Li Ndjock, I.B., Partial Replacement of
Volcanic Ash by Bauxite and Calcined Oyster
Shell in the Synthesis of Volcanic Ash-Based
Geopolymers, Constr Build Mater, 2016,
113, 673-681, https://doi.org/10.1016/].
conbuildmat.2016.03.104.

16.Corrazari, 1., Nistico, R., Turci, F., Faga,
M.G., Franzoso, F.,, Tabasso, S., Magnacca,
G, Advanced Physico-Chemical
Characterization of Chitosan by Means
of TGA Coupled On-line with FTIR and
GCMS: Thermal Degradation and Water
Adsorption Capacity, Polym Degrad Stabil,
2015, 112, 1-9, https://doi.org/10.1016/].
polymdegradstab.2014.12.006.

17.Nuryono, Rosiati, N.M., Rettob, A.L., Suyanta,
Arryanto, Y., Coating of 2-aminobenzimidazole
and 1-(o-tolyl)biguanide Functionalized Silicas
on Iron sand Magnetic Material for Sorption

of [AuCl ], Indones J Chem, 2019, 19, 2, 395-
404, https://doi.org/10.22146/ijc.34653.
18.Bekale, L., Agudelo, D., Tajmir-Riahi, H.A,,
Effect of Polymer Molecular Weight on
Chitosan-Protein Interaction, Colloids
Surf B, 2015, 125, 309-317, https://doi.
org/10.1016/j.colsurfb.2014.11.037.

19.Lu, Z., Xiao, J., Wang, Y., Meng, M., In Situ
Synthesis of Silver Nanoparticles Uniformly
Distributed on Polydopamine-Coated Silk
Fibers for Antibacterial Application, J Colloid
Interface Sci, 2015, 452, 8-14, https://doi.
org/10.1016/j.jcis.2015.04.015.

20.Ramalingam, S., Sreeram, K.., Rao, K.,
Nair, B.U., Organic Nano-Colourants: A-Self
Fixed, Optothermal Resistive Silica Supported
Dyes for Sustainable Dyeing of Leather, ACS
Sustainable Chemistry & Engineering, 2016,
4, 5, 2706-2714, https://doi.org/10.1021/
acssuschemeng.6b00218.

21.Silva-Silva, M.J., Mijangos-Ricardez, O.F.,
Vazquez-Hipolito, V., Martinez-Vargas, S.,
Lopez-Luna, J., Single and Mixed Adsorption
of Cd(Il) and Cr(Vl) onto Citrate-Coated
Magnetite Nanoparticles, Desalin Water
Treat, 2016, 57, 4008-4017, https://doi.org/
10.1080/19443994.2014.991756.

22.Rachmawati, L., Anggriyani, E., Rosiati,
N.M., Technology of Free Chrome Tanning
Process: Optimal Level of Formaldehyde
as Tanning Agent for Mondol Stingray
(Himantura gerrardi), Leather and Footwear
Journal, 2020, 20, 3, 277-286, https://doi.
org/10.24264/1fj.20.3.6.

23.Combalia, F., Morera, J.M., Bartoli, E., Study
of Several Variables in the Penetration Stage
of a Vegetable Tannage Using Ultrasound, J
Clean Prod, 2016, 125, 314-319, https://doi.
org/10.1016/j.jclepro.2016.03.099.

24.Morera, J.M., Tanning Technical Chemistry
(In Spanish), first ed., lgualada Engineering
School, Igualada (Spain), 2000.

25.Badan Standardisasi Nasional, SNI1 0253:2009.

Kulit bagian atas alas kaki-kulit kambing,
Indonesia, 2009.

© 2022 by the author(s). Published by INCDTP-
ICPI, Bucharest, RO. This is an open access article
distributed under the terms and conditions of the
Creative Commons Attribution license (http://
creativecommons.org/licenses/by/4.0/).

Leather and Footwear Journal 22 (2022) 4



