Michalina Falkiewicz-Dulik

Lukasiewicz Research Network
- Institute of Leather Industry,

ul. Zgierska 73, 91-462 t6dz, Poland,
e-mail: mfalkiewicz@ips.krakow.pl

B Introduction

The protection of leather against mi-
crobes at different stages of the tanning
process does not make it completely re-
sistant to microflora. Leather, the result
of the technological process of tanning,
is a substrate for the growth of many
types of microorganisms. Filamentous
fungi cause major damage to finished
leathers during storage and use. Fungi
that are present in the form of spores and
hyphaes of mycelium cause the biode-
terioration of finished leather. Relative
humidity during storage has a signifi-
cant effect and stimulates mould growth
on leathers. The availability of various
sources of nutrients stimulates spores
and hyphae to germinate, and then sup-
ports their growth. Getting a proper
method of protection for leather against
mould during production is very impor-
tant; it depends on the tanning agents,
oils, oil emulsions, fats and other auxil-
iary substances [1, 2].

Stains on finished leathers can be caused
by decolourisation by metabolites of
microorganisms. Azo dyes make up the
majority of all dyes used in leather pro-
duction. In general, the decolourisation
of'azo dyes can occur under the influence
of conventional anaerobic bacteria, fac-
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Abstract

This research work involved the selection of biocides for the antimicrobial treatment of
leathers. The scope of the research work covered microbiological tests of leather samples
tanned utilising the same technology, with microbiological treatment made using 9 different
preparations, as well as a test of leather without biostabilisation. Commercial biocides taken
for inwestigation were as follows: NS 500 — an aqueous solution of nanosilver 500 ppm,

ODH — tea tree oil, and OP — orange oil. Preparations prepared by diluting the purchased
products were as follows: S27-22 — an aqueous solution containing silver chloride and
titanium dioxide, SH 22-27 — an aqueous solution containing zinc pyrithione, ST 99-19
— an aqueous solution containing dimethyltetradecyl [3-(trimethoxysilyl)propyl]ammo-
nium chloride, SU — an aqueous solution containing polyhexamethylene biguanide, and
SGP — a saturated solution of aluminum potassium sulfate. Also a preparation was made
by combining NS 500 M250 — 500 ppm nanosilver solution and a 250 ppm copper colloid.

Evaluation of the effectiveness of biostabilisation of the leather samples and antimicrobial
activity of the preparations used was carried out. Staphylococcus aureus and Escherichia coli
bacteria and Candida albicans, Aspergillus brasiliensis and Trichophyton mentagrophytes
fungi were used in the study. The assessment of microbial growth on samples was carried
out according to Polish standards. Assessment of the resistance to bacteria and C. albicans
yeast was made according to the PN-EN ISO 20645: 2006 standard — a method of diffusion

on an agar plate. Assessment of the resistance to A. brasiliensis and T. mentagrophytes fungi
was made according to the PN-EN ISO 14119: 2005 standard. Among the tested preparations
to protect leathers against the effects of microorganisms, overall efficacy was obtained for
SH 22-27, NS 500 M 250, SU and ODH.
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ultative anaerobic bacteria and various
groups of bacteria under aerobic condi-
tions. The mechanism of degradation of
azo dyes by microorganisms involves
the reductive breaking of azo bonds
(-N = N-) with the azoreductase enzyme
under anaerobic conditions, which leads
to the formation of colourless solutions
containing potentially dangerous aromat-
ic amines [3, 4].

Finished leather intended for the pro-
duction of footwear, leather fancy goods
and carpets should be characterised by
increased microbiological resistance,
consisting in the reduction of colonising
microorganisms during storage and use.
This requires additional microbiologi-
cal treatment with active substances. It
is necessary that finished leather, and
footwear made thereof be characterised
by increased microbiological resist-
ance, consisting in the protection of ad-
equate microbiological comfort for the
feet through significant inhibition of the
growth of or reduction in microorgan-
isms in its interior. Also, leather intended
for the production of leather fancy goods
and carpets should be protected with bi-
ocides to prevent the deposition of mi-
croorganisms on their surface, which will
protect them against the harmful activity
of microorganisms [5, 6].
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Literature reports [7-12] indicate that
the most common clinical form of my-
cosis is the infection of toenails and
feet. The results of clinical trials of
21.666 patients with suspected skin
mycosis and its appendages, carried
out at the Dermatological Clinic in
Gdansk (Poland) in the years 2000-2011,
revealed 5012 cases of positive culture
results. Dermatophytes were cultured in
2445 cases, which accounted for 48.8%
of all infections. Yeast-like fungus con-
stituted 44.8%. The remaining 6.4%
were infections caused by mould fungi
and Malassezia spp. Among the derma-
tophytes, 7. rubrum was the most often
isolated — 46.8% and second 7. menta-
grophytes — 33.2%. The main clinical
forms were: onychomycosis of the foot
nail plates (45.77%) and nails of the
hands (24.24%). In recent years a steady
increase in fungal infections caused by
yeast-like fungi has been observed. In-
fections of the foot nail plates were the
most common clinical form of mycosis
[13].

In tanneries, to obtain finished leathers
with a hygienic finish, treatment with mi-
crobiologically active substances should
be carried out, most preferably at the
stage of finishing the leathers into ready-
made ones. The choice of method of
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applying biocides to leather depends on
the economics of the microbial treatment
process at the leather finishing stage as
well as on the manufacturer’s potential
and technical conditions. The use of bi-
ocides for the protection of materials
should be controlled within the scope of
the dose applied and intended use of the
final product. Overuse of any bactericide
or fungicide should not take place so as
not to exert a negative influence on the
environment, and also to prevent micro-
organism resistance to a given biocide
[14-19].

Since microorganisms are found every-
where and can be transferred via air,
water, food, etc., control and preven-
tive measures are necessary to suppress
their negative activity. Unfortunately, the
widespread and irresponsible use of an-
tibiotics and disinfectants has led to the
development of resistant strains, causing
difficulties in the treatment of infections
caused by them [20].

Biocides used in the tanning industry
are generally non-oxidising. They can
be classified as quaternary ammonium
compounds, isothiazoles, halogenated
organic compounds, such as Bronopol
(2-bromo-2-nitro-propane-1,3-diol), iso-
thiazoles and halogenated organic com-
pounds containing heterocycles, such as
derivatives of benzothiazole [21]. Fungi-
cides can be added to leather during lu-
brication to inhibit mould growth during
storage and transportation [22].

Some synthetic fungicides are known
to work, but when used to excess, they
are a threat to the environment. In addi-
tion, microorganisms become resistant
to some fungicides with time. To find al-
ternative substances, Akpomie evaluated
the antifungal activity of orange oil [23].
The results suggest that orange seed oil
has great potential as a natural antimicro-
bial substance. Growth of all the micro-
organisms tested (4. niger, A. fumigatus,
A. flavus, Paecilomyces sp., Penicillium
sp., Mucor mucedo, Rhizopus nigricans),
with the exception of Alternaria sp., was
inhibited by the orange oil.

In the study [23], two small pieces of
leather (sterilised and contaminated)
were placed in a 5% oil extract in an or-
bital shaker for 4 hours. In another study,
samples of used and contaminated shoes
were oiled with orange extract oil. Then,
each sample was left in the open air and
observed daily for the growth of fungi.
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Studies have shown that the Akpomie
seed oil of the sweet orange has advanta-
geous properties in the prevention of the
deterioration of skin and leather products.
The main objective of the research con-
ducted by Sirvaitytea and others was to
determine the applicability of the essen-
tial oil of thyme as an antimicrobial agent
in the processing of leather into chrome
tanned leather. Differences in the chemi-
cal composition of commercial and pure
essential oils of thyme were determined.
It was found that these differences af-
fect the antimicrobial activity of essen-
tial oils. Gram-positive bacteria have
proven to be more sensitive to the oils
of thyme than Gram-negative bacteria.
Pseudomonas aeruginosa showed low
sensitivity to the essential oils of thyme
selected, but the leather samples treated
with these oils remained resistant to these
bakteria. The antibacterial activity of es-
sential oils of thyme depends on their
chemical composition, mainly on the
phenolic components. The most impor-
tant phenol compounds are thymol and
carvacrol. Oil of Thymus vulgaris (0.05
to 5 wt%) was added to the base oil used
for oiling. The amount of oil used in the
process must be higher than 3%. Smaller
amounts (0.05% and 1.0%) showed no
zone of inhibition, although skin samples
remained resistant to the bacteria select-
ed. The conventional synthetic preserva-
tive 2-thiocyanomethylthiobenzotiazole
(TCMTB) used in 0.2% per weight of
“wet-blue” did not protect leather better
than 3-5 wt% of essential oil.

The essential oils of thyme can be used as
a preservative in a mixture with synthetic
biocide. In this case, the amount of syn-
thetic biocide required may be reduced
from 0.2% to 0.05% of the weight of
wet-blue leather, and thyme oil to 3.75%
of the weight of wet-blue leather [24, 25].

In China, anew nano-composite anti-
microbial has been used for children’s
shoe inserts, showing long-term effec-
tiveness. The product contained 0.8 g/ of
nano ZnO, 10 g/ of isothiazolinelcetone,
0.05 g/l of Tween, and 3 g/l of acrylic
resin; and the initial pH was 6.0. An anti-
microbial agent was applied by spraying,
whose method of addition is very impor-
tant for its absorption and distribution.
Assessment of the degree of inhibition
was made with a quantitative method.
After treatment with a 2% nano-compos-
ite, the antimicrobial insert may effec-
tively inhibit 97% of the growth of the
test fungi [26-28].

The Conceria Stefania company created
and patented a leather lining for foot-
wear which contains nanosilver. Sil-
verlining is a system applicable to shoe
linings, guaranteeing the breathability
of the leather, because the treatment
is made with natural products (includ-
ing caseine) that allow the user to have
a very comfortable lining. Silver exerts
its antibacterial power constantly and
therefore it stops the development of
bad smells due to the natural sweat of
the foot [29, 30].

Koizhaiganova and others applied sil-
ver-doped hydroxyapatite (Ag-HA) pre-
pared by the microwave method, as the
finishing agent to leather. The antibacte-
rial activity of the leathers were assessed
by means of the parallel streak method
(qualitative) and test of the percentage
of microbial reduction (quantitative).
According to the results of these tests,
leather treated with Ag-HA containing
2% or more of silver (Ag) showed good
antibacterial activity; thus, the authors
suggested that Ag doped hydroxyapatite
could be used as an antibacterial agent on
lining leathers [31].

B Aim of study

The aim of the research work was to
investigate the biological activity of se-
lected biocides applied to tanned leath-
er intended for footwear, leather fancy
goods and carpets. The work included
the selection of biocidal preparations
containing active substances. Determina-
tion of doses used for each commercial
preparation and preparations prepared for
the treatment of leather in finishing pro-
cesses were based on data provided by
the formulations’ manufacturers.

Research work included microbiological
tests of leather samples tanned and fin-
ished using the same technology, with
different antimicrobial protection and
without microbiological treatment. Ef-
fectiveness assessment of the biostabili-
sation of the leathers and selection of the
most beneficial preparations were carried
out. The research was carried out as part
of the research project POIR.02.03.02.-
12-17-0056/17.

B Materials and methods

For application tests of biocides intend-
ed for leather improvement, ready-made
commercial biocides and prepared prepa-
rations were taken into account. Prepa-
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rations for the treatment of the leather
were made by diluting, or by combining
the products purchased containing active
substances.

Preparations prepared:
S$27-22 - 1.5% aqueous solution of
a commercial biocide (Sanitized T
27-22 Silver) in the form of a disper-
sion containing silver chloride and
titanium dioxide; CAS: 7783-90-6,
13463-67-7
SH 22-27 — 1.5% aqueous solution
of acommercial biocide (Sanitized
TH 22-27) in the form of a disper-
sion containing zinc pyrithione; CAS:
13463-41-7
ST 99-19 — 1% aqueous solution of
a commercial biocide (Sanitized T
99-19) in the form liquid containing
dimethyltetradecyl[3-(trimethoxysi-
lyl)propylJammonium chloride; CAS:
41591-87-1
NS 500 — 100% aqueous solution of
nanosilver 500 ppm; CAS 7440-22-4
NS 500 M250 - 50% aqueous solution
of a commercial biocide that contains
nanosilver 500 ppm & nanocopper
250 ppm; CAS: 7440-22-4, 7440-50-8
SU — 0.5% aqueous solution of pol-
yhexamethylene biguanide (PHMB);
CAS: 91403-50-8, polymer
ODH - 100% commercial tea tree oil
(Melaleuca) — essential oil obtained
by distillation of tea tree leaves; CAS:
68647-73-4
OP — 100% commercial orange oil —
orange peel oil extracted cold; CAS:
8000-57-9
SGP — saturated solution of aluminum
potassium sulphate (potassium alumi-
num sulfate dodecahydrate); CAS:
7784-24-9

Leather samples protected with
preparations

Bovine grain leather of chrome tan-
ning in black colour, with a thickness of
1.25 mm, designed for the production of
footwear, was selected for biostabiliza-
tion trials. The leather was intended for
the upper components of footwear but
had not been pretreated with any bioc-
ides during the manufacturing process in
a tannery.

Ten samples of bovine leather were
tested:

Sample No. 0 — Bovine leather, control
sample,

Sample No. 1 — Bovine leather + S 27-22
(silver chloride and titanium dioxide)

FIBRES & TEXTILES in Eastem Eurgpe 2020, Vol. 28, 1(139)

Sample No. 2 —Bovine leather+ SH 22-27
(zinc pyrithione)

Sample No. 3 —Bovine leather + ST 99-19
(dimethyltetradecyl[3-(trimethoxysilyl)
propyl] ammonium chloride)

Sample No. 4 — Bovine leather + NS 500
(nanosilver 500 ppm)

Sample No. 5 — Bovine leather + NS 500
M 250 (nanosilver 500 ppm + nanocop-
per 250 ppm)

Sample No. 6 — Bovine leather + SU
(PHMB)

Sample No. 7 — Bovine leather + ODH
(tea tree oil)

Sample No. 8 — Bovine leather + OP (or-
ange oil)

Sample No. 9 — Bovine leather + SGP
(aluminum potassium sulphate)

Microorganisms

The microbiological resistance of the
improved leather samples was tested on
the action of five species of microorgan-
isms selected. The tests were carried out
in relation to the pathogenic bacteria and
fungi that often inhabit materials in used
footwear.

The bacteria included in the studies were
Staphylococcus aureus ATCC 25923
(gram positive). Staphylococcus au-
reus, contributing to bacterial infections
of the skin of the feet, causing purulent
changes on the skin, and Escherichia coli
ATCC 25922 (gram negative), which can
colounise the skin and mucous mem-
branes of the mouth and respiratory sys-
tem, cause urinary tract infections and
meningitis in newborns, and is the most
common gram negative bacterium caus-
ing sepsis [32, 33].

The fungi used were Candida albicans
ATCC 90028 (pathogenic yeast, be-
longing to the etiological factors of foot
and nail fungal infections) and filamen-
tous fungi: Aspergillus brasiliensis (ni-
ger) ATCC 16404 (pathogenic species,
mould, easily inhabiting materials), and
Trichophyton — mentagrophytes ATCC
18748 (pathogenic fungus, dermato-
phyte, which is the etiological factor of
the mycosis of skin and nails of the feet
and hands, difficult to treat) [34-39].

Method of applying preparations
to the leather

The protection of bovine leathers against
microbes was carried out as the last
stage of the finishing processes. Micro-
biological treatment of the leathers were
made at a tanning plant using production
equipment used for finishing leathers.

Table 1. Amount of preparation applied on
leather sample.

:3?!?:; Preparation Volume, mi
1 S 27-22 60
2 SH 22-27 60
3 ST 99-19 60
4 NS 500 50
5 NS 500 M 250 40
6 SuU 50
7 ODH 80
8 OP 80
9 SGP 60

The aqueous solutions of agents pre-
pared, containing active substances, were
applied by spraying with a pneumatic
gun in a chamber for applying finishing
coatings to leather. The pressure applied
to the gun was 1 +2 bar, and a nozzle of
0.9+ 1.2 mm was used for spraying the
biocide preparations, where the length of
the stream was about 15-20 cm. Biocidal
preparations were applied on the leather
from the flesh-side for all test specimens
as the leather was intended for footwear
uppers. The sample surface had dimen-
sions of 297 x 420 mm.

The preparations were applied in the
amount of 40+ 80 ml to one side of the
sample depending on the type of prepa-
ration (nanopreparations: 40-+50 ml,
PHMB solution: 50 ml, essential oils:
80 ml, other preparations: 60 ml). The for-
mulations were applied in three steps, i.e.
in three subsequent sprays, to obtain an
even distribution and better penetration
of the solutions into the leather. After
each spray of the preparation onto the
sample, the leather was dried at tempera-
ture (20£1) °C, in a tensioned state, for
2 hours. Table 1 specifies the amount of
the individual preparations applied to the
leather samples.

Methods of microbiological tests

Nine samples of bovine leather after the
treatment with preparations containing ac-
tive substances and a control sample with-
out microbiological treatment underwent
microbiological testing in the form of:
Evaluation of the resistance to bacte-
ria and determination of the antibac-
terial effect of the antibacterial treat-
ment according to PN-EN ISO 20645:
2006 Textile fabrics — Determination
of antibacterial activity — Agar diffu-
sion plate test [40].
Evaluation of resistance to fungi and
determination of the antifungal effect
according to the PN-EN 14119: 2005
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Table 2. Requirements recommended by SBL-IPS for leather with microbial activity.

Method Parameter

Antibacterial activity according to
PN-EN 1SO 20645:2006

Inhibition zone [mm]: >1; 1-0; 0;
Bacterial growth: no growth, slight growth

Antifungal activity according toPN-EN 14119:2005 | Inhibition zone [mm]: 20

Fungal growth: 0, 1

Table 3. Determination of the antibacterial effect of leather samples against S. aureus and
E. coli bacteria. Note: L — grain of leather adheres to the agar, M — flesh of leather adheres
to the agar, * microcollies in the growth inhibition zone.

Staphylococcus aureus Escherichia coli

Sample ihig ihiti
number Inhibition zone Growth | Assessment Inhibition zone Growth | Assessment
of growth, LM LM of growth, LM LM
mm L/M mm L/M
1 2 3 4 5 6 7
moderate insufficient moderate insufficient
0 0/0 Jsliaht effect /limit 0/0 Inone effect
9 of efficacy /good effect
moderate insufficient moderate insufficient
1 0/0 Jsliaht effect /limit 0/0 Inone effect
9 of efficacy /good effect
insufficient
. none good effect moderate
2 /a /none /good effect 0/25 /none effect
/good effect
moderate insufficient moderate insufficient
3 0/0 /none effect 0/0 Inone effect
/good effect /good effect
moderate insufficient moderate insufficient
4 0/0 none effect 0/0 Jsliaht effect /limit
/good effect 9 of efficacy
insufficient insufficient
5 0/1 m;):;:zte effect 0/0 m7:oenr:te effect
/good effect /good effect
moderate moderate moderate insufficient
6 0/1(2") Inone effect 0/1(2") Inone effect
/good effect /good effect
slight moderate slight moderate
7 0/0 effect 0/1 effect
/none /good effect /none /good effect
insufficient
none good effect moderate L
8 0/0 /none /good effect 010 /slight effectl flimit
of efficacy
moderate insufficient moderate insufficient
9 0/0 /none effect 0/2 Inone effect

/good effect /good effect

Table 4. Determination of the antifungal effect of leather samples against yeast C. albicans.
Note: L — grain of leather adheres to the agar, M — flesh of leather adheres to the agar,
* microcolonies in the growth inhibition zone.

Candida albicans

Sample
number | Inhibition zone of growth, Growth Assessment
mm L/M L/mM L/Mm

1 2 3 4
0 0/3" moderate/none insufficient effect/good effect
1 0/1" moderate/none insufficient effect/good effect
2 3(4%)/9(10%) none/none good effect /good effect
3 2(3%)/0 none/none good effect/good effect
4 0/0 moderate/none insufficient effect/insufficient effect
5 0/1 none/none good effect/good effect
6 0/3 moderate/none insufficient effect/good effect
7 0/2(3%) none/none good effect/good effect
8 0/1* moderate/none insufficient effect/good effect
9 0/4 moderate/none insufficient effect/good effect
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standard. Testing of textiles — Evalua-

tion of the action of microfungi [41].

— Method B1: Working samples are
subjected to the activity of fungus
spores on a complete agar medium
(the agar medium contains a carbon
source). A slurry of fungi spores is
sprayed over the working sample
and agar medium.

— Method B2: Working samples are
placed on an inoculated, complete
agar medium (the agar contains
a carbon source and fungal spores).

The research methodology was adapted
to the type of material tested and to the
nature of the growth of the microorgan-
isms selected. The tests were carried out
in triplicate for each trial. The working
samples were circular, with a diameter of
(25 £ 0.5) mm, and tested on both sides.
Only unsterilised samples of leather were
used. Blind test samples of identical
grain leather but without treatment with
biocidal preparations were used to con-
trol the growth of microorganisms.

Bacterial cultures were applied for
18-20 hours and yeasts for 48 hours at
37+1°C. After cultivation, microbial
growth around and under the samples
was observed. The antimicrobial effect
was assessed in accordance with the rec-

ommendations of the standard [40]:

— good effect —no growth;

— limit of efficiacy — slight growth (no
inhibition zone, only some restricted
colonies, growth nearly totally sup-
pressed in comparison to the control);

— insufficient effect — moderate growth
(no inhibition zone; in comparison to
the control growth, reduced by half),
heavy growth (no inhibition zone; in
comparison to the control no growth,
reduced or only slightly reduced
growth).

Fungal cultures were cultivated at
29 + 1 °C for 2-3 weeks. During and after
the cultivation, the plates were observed
with the unaided eye and under a stere-
oscopic microscope. The fungal growth
was evaluated on the basis of observa-
tions, according to the scale included in
the standard [41]:
— 0 — no visible growth assessed under
the microscope (magnification 50x),
— 1 — no visible growth without mag-
nifying devices, clearly visible under
the microscope,
— 2 — visible increase without magnify-
ing devices, covering up to 25% of the
examination surface,
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— 3 — visible increase without magnify-
ing devices, covering up to 50% of the
examination surface,

— 4 — significant increase, covering
more than 50% of the surface tested,

— 5 —heavy growth covering the surface
tested.

Studies on the effectiveness of biostabil-
idation of the leather using biocides were
carried out in cooperation with the Mi-
crobiologist Team working at Jagiellon-
ian University’s Collegium Medicum in
Krakow, Department of Mycology.

M Results and discussion

Evaluation of improved leather
samples

The samples tested were evaluated ac-
cording to the quality standards recom-
mended and used by the Lukasiewicz
Research Network — Institute of Leather
Industry (SBL-IPS) in Krakow for the
assessment of microbiological properties
of technical materials. The basic require-
ments for materials with a hygienic finish
are shown in Table 2.

Detailed results of the tests of the leather
samples with a hygienic finish are pre-
sented in Tables 3-6.

The evaluation of the antibacterial activi-
ty of the leather samples on the flesh side
is presented in Figure 1. Most leather
samples with microbiological treatment
show a good antibacterial effect on the
flesh side. In the case of S. aureus, only
the control sample (without microbio-
logical protection) demonstrated limit-
ed efficacy, as well as sample 1, which
was protected with preparation S27-22
(Table 3). In the case of E. coli, sample
4 (with NS 500 applied) and sample 8
(with OP formulation) demonstrated lim-
ited efficacy on the flesh side of the leath-
er (Table 3).

The evaluation of the antifungal activity
of the leather samples on the flesh side is
presented in Figure 2. With regard to C.
albicans yeast, only sample 4, i.e. leath-
er treated with the NS 500 preparation.,
occurred to be inefficiently protected
(Table 4). The filamentous fungi were
assessed using two methods: B1 and B2
according to PN-EN 14119: 2005. After
analysis of the results, it was possible
to conclude that a good effect against
moulds was demonstrated by sample 2
(containing SH 22-27), sample 5 (con-
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Table 5. Determination of the antifungal effect of leather samples against A. brasiliensis
mould. Note: L — grain of leather adheres to the agar, M — flesh of leather adheres to the
agar, * shreds growing on the sample from the agar side.

Method B1

Sample | Inhibition zone | Assessment of | Assessment of

number of growth,
mm L/M

2
0/0
0/0

1%7(12)
0/0
0/0
212
017

>27/>32
0/0
0/0

© 0 N O G A WN =2 O =

growth on
samples from
the air side L/M

3
3°/0
3’2
2'/0
42
42
0/0
1°/0
0/0
2'/0
3°/0

growth in agar
medium under
the sample L/M

4
5/5
5/4
5/0
5/5
5/5

1/211
5/0
0/0
5/4
5/3

Method B2

Inhibition zone | Assessment of
growth in agar
medium under
the sample L/M

of growth,
mm L/M

5
0/0
0/0

0/25
0/0
0/0
0/0

0/1(2")

27/1
0/0
0/2

6
1/4
1/4
1/0
1/5
1/5
1/0
1/0
0/0

0/1(3)
1/4

Table 6. Determination of the antifungal effect of leather samples against T. mentagrophytes
dermatophyte. Note: L— grain of leather adheres to the agar, M —flesh of leather adheres to the
agar, * the growth of Penicillium or other moulds that hindered the reading and interpretation
of results, ** restricted growth inside the zone, *** an ambiguous result in comparison with
the evaluation of sample activity from the side of the flesh. The inhibited growth is probably
due to other reasons, X — it was difficult to determine the zone of T. mentagrophytes fungal
inhibition (increase in Penicillium or other moulds impeding reading and interpretation of
results), z — pollution with moulds.

Method B1 Method B2
Sample | |phibition zone Ass::;;?‘e:; of Af:::ﬁ ril:]e:t :: Inhibition zone A::;;sl ril:le;\t :rf
number of growth, 9 les f 9 di g of growth, 9 di g
mm L/M samples from | medium under mm L/M medium under
the air side L/M | the sample L/M the sample L/M
1 2 3 4 5 6
0 0(6™)/12 0(2/0 1"/0(5" Rhizopus) X112" Xl4z
1 0(6™)/7 0(2/0(2") 1°/0(5") 0'/5" z/5z
2 0(8™)22 0/0 2'/0 12/27 3/0
3 0(5™)/11 0(2/0(2") 3'70(4") 7/10 4/4z
4 0(5™)/X 0(2/0(2") 5/X(3" Rhizopus) X1 X 4/X
5 15/15 0/0(2") 4°/0 17/27 4/0
6 7/8 0/0(2") 3’0 27127 0/0
7 37/37 0/0 0/0 27/27 0/0
8 15/28 0'/0 3'70(3") 27127 0/4z
9 5/11 0/0 4°/0(3") 27112 0z/3z
1
o
@
©
®
)
kS B S. aureus
E
o E. coli
O
0 [ — — — — — — — |
Q N s % x 9 o A\ L)
Q\Q Q\% Q\Q, Q\Q/ Q\Q, Q\% Q\Q, Q\‘Z, Q\%
0((\ 0((\ 0((\ 06\ 0@ 0((\ O 0((\ O O
S S S ) S S S S S S

Figure 1. Evaluation of the antibacterial activity of leather samples on the flesh side.
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Figure 2. Evaluation of the antifungal activity of leather samples on the flesh side.

taining NS 500 M 250), sample 6 (con-
taining SU) and sample 7 (containing
ODH) (Table 5). In the case of T. men-
tagrophytes, the reading was somewhat
difficult due to the overgrowth of mold
fungi Penicillium and Rhizopus on the
samples. All the samples tested have an
antidermatophyte effect in the case of
T. mentagrophytes (Table 6).

Evaluation of preparations

The preparations tested showed biocidal
activity against bacteria and yeast on the
flesh surface of the leather, to which they
were applied by spraying. On the flesh
side of the leathers, slight differentiation
in the antibacterial effect was observed
for individual preparations. However, on
the grain side of the leathers, left without
microbiological protection, for the ma-
jority of samples, a moderate increase in
bacteria and yeast was observed, which
was considered as an insufficient effect.
Thus, in addition to some other cases, the
formulations did not generally protect the
other side of the leather. The preparations
were mostly active on the surface on
which they were applied. The prepara-
tions showed a wide variation in activity
against 4. brasiliensis mould. Only four
of the nine preparations tested inhibited
the growth of this mould. In the pres-
ence of T. mentagrophytes, the prepara-
tions showed good activity, inhibiting
the growth of this fungus, and zones of
inhibition around the samples were ob-
served. However, one should take into
account ambiguous readings due to the
overgrowing of moulds Penicillium and
Rhizopus on the samples because of pos-
sible sample contamination. The growth
of these fungi on some samples was not
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inhibited (it was interpreted as no activity
of preparations against these moulds).

The evaluation of individual preparations

is as follows:
S 27-22 — The preparation shows
a good effect on the flesh side of the
leather with respect to E. coli and
yeast C. albicans, but its effectiveness
is limited with regard to S. aureus and
an insufficient effect (average growth)
was found on the grain side of the
leather. Moreover, the preparation
did not show a biocidal effect against
moulds of A. brasiliensis since abun-
dant growth was observed on the flesh
side of the leather and the grain side
was completely covered by the growth
of this fungus. In the case of derma-
tophyte 7. mentagrophytes, the result
was ambiguous because the samples
were intensively overgrown with Pen-
icillium mold.
SH 22-27 - The preparation has
a good antibacterial effect in relation
to the bacteria: S. aureus and E. col,
and yeast C. albicans tested. Growth
inhibition of 7. mentagrophytes and
limitation of A. brasiliensis growth
were observed.
ST 99-19 — The preparation showed
a good effect in relation to bacteria S.
aureus and E. coli on the flesh side,
and a good effect on both sides of the
sample in the case of yeast C. albi-
cans. However, it did not show a bi-
ocidal effect on the molds of A. bra-
siliensis since on the flesh side of the
leather there was alarge growth of
this fungus on all samples tested. In
the case of T mentagrophytes, growth
inhibition was observed.

NS 500 — The preparation has a good
antibacterial effect in relation to the
bacteria S. aureus tested and limited
efficiency for E. coli, but in both cas-
es inhibition of growth was observed
only on the flesh side of the leathers.
Moreover, there was insufficient ac-
tivity against the bacteria on the grain
side and on both sides of the leather
in relation to yeast C. albicans, as av-
erage microbial growth was observed.
The preparation did not show a bioc-
idal effect on the moulds of 4. brasil-
iensis since a plentiful growth of this
fungus was observed on the flesh side
of the leather. In the case of 7. menta-
grophytes dermatophyte, the result is
ambiguous because the samples were
intensively overgrown with Penicilli-
um mould.

NS 500 M250 — The preparation has
a good antibacterial effect in relation
to the bacteria S. aureus and E. coli
tested, but in both cases growth inhi-
bition was observed only on the flesh
side of the leather. However, a good
effect on yeast C. albicans was ob-
served on both sides of the samples.
The preparation has a biocidal effect
with zones of growth inhibition of
mould A. brasiliensis and dermato-
phyte T mentagrophytes. On the grain
side, growth of Penicillium was ob-
served, due to sample contamination,
which means no effective activity
against this fungi.

SU — The preparation shows a good
antibacterial effect on the flesh side of
the leather with reference to bacteria
S. aureus and E. coli, and yeast C. al-
bicans. However, limited efficacy in
the presence of S. aureus and an insuf-
ficient effect (mean increase) were ob-
served on the grain side of the leather
with respect to E. coli and yeast C. al-
bicans. The preparation has a biocidal
effect with growth inhibition zones of
mould A. brasiliensis and dermato-
phyte 7. mentagrophytes. In two sam-
ples Penicillium growth was observed
on the grain side, because they were
contaminated.

ODH - A leather protected with tea
tree oil produces a characteristic
odour, which may be disadvantageous
during exploitation of products made
of such a leather. However, the prepa-
ration has a good antibacterial effect
with regard to S. aureus and E. coli,
and yeast C. albicans. Biocidal ac-
tivity with large inhibition zones of
growth of mould A. brasiliensis and
dermatophyte 7. mentagrophytes was
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observed. During the tests, no con-
tamination of the samples was found.

OP preparation — The preparation
shows a good antibacterial effect in re-
lation to S. aureus on both sides of the
leather samples. Despite limited effi-
cacy against E. coli, a good effect on
yeast C. albicans on the flesh side was
observed. However, an insufficient
effect (average growth) on the grain
of the leather with respect to E. coli
and C. albicans was noted. The prepa-
ration did not inhibit the growth of
A. brasiliensis mould but showed
abiocidal effect against dermato-
phyte T mentagrophytes with zones
of growth inhibition. In this case, an
increase in Penicillium was observed.

SGP — The preparation gives a good
antibacterial effect on the flesh side of
the leather, but an insufficient one (av-
erage growth) on the grain side in re-
lation to bacteria: S. aureus and E. coli
and yeast C. albicans. The preparation
does not protect the leather against
the growth of A4. brasiliensis mould.
The results of the study showed a bi-
ocidal effect on T. mentagrophytes
dermatophyte, with zones of growth
inhibition. However, during the study,
the intensive growth of Penicillium
and other moulds was observed, caus-
ing that the samples were contaminat-
ed with these fungi. For this reason,
the result should be described as am-
biguous.

Tea tree oil is a preparation that diffus-
es from the substrate to its surface, giv-
ing large zones of microbial inhibition.
Therefore, the operation of this prepara-
tion should be particularly checked dur-
ing the storage and use of products made
therewith. At the same time, it would be
necessary to include in further microbio-
logical tests samples of leathers protected
with the preparation directly added to the
varnish forming the finishing coat, e.g. for
linings with a finish coating. In this case,
polyhexamethylene biguanide polymer
could be considered. Most of the leather
samples evaluated showed activity only
on the side with preparations applied. For
this reason, in the next stage, we should
also carry out tests involving the two —
sided application of preparations, espe-
cially for leather intended for the linings
of footwear. For the bilateral treatment of
lining leather, three preparations should
be included: SH 22-27, NS 500 M 250 &
SU (sprayed on the flesh side and as an
addition to the varnish used to finish the
grain side of the leather).
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B Conclusions

Among the test preparations used for
leather protection, the most favourable
assessment was obtained for:

SH 22-27 — the preparation showed
a good antibacterial effect in relation
to bacteria and yeasts, inhibiting the
growth of A. brasiliensis and T. men-
tagrophytes.

NS 500 M 250 — the preparation
showed a good antibacterial effect
in relation to bacteria and yeasts as
well as a biocidal effect with zones
of growth inhibition of 4. brasiliensis
mould and dermatophyte 7. mentagro-
phytes. However, on the grain side of
the leather, Penicillium growth was
observed, because the samples were
contaminated with this fungi.

SU — the preparation showed a good
antibacterial effect on the flesh side
and limited efficiency on the grain side
of the leather with regard to the bacte-
ria and yeast C. albicans. The prepa-
ration showed a biocidal effect against
A. brasiliensis mould and T. menta-
grophytes dermatophyte. However, it
does not inhibit the growth of Penicil-
lium.

ODH - the preparation showed a good
antibacterial effect and biocidal activ-
ity against yeast-like and filamentous
fungi with large inhibition zones of
growth.

In order to optimise the treatment process
of leather, preparations SH 22-27, NS500
M250, ODH and SU should be included
in further trials and microbiological tests.
It is necessary to check their suitability
for leathers with different finishes and
purposes (uppers, linings etc.), and also
to check their effectiveness during the
use of leather products. For this reason,
the principles of action of the active sub-
stances should be taken into account, as
some of them may exhibit high diffu-
sion from the substrate in a short time by
evaporation, photodegradation, photoox-
idation or leaching.
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