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FOREWORD

ICAMS 2020 is offering the framework for presenting the latest results in research, focusing on the field
of Materials Science and Innovative Technologies, which records an impressive dynamic and is recognized as
a current national and European priority.

The ICAMS 2020 international event, organised by the National Institute for Research and Development
for Textiles and Leather - Division Leather and Footwear Institute (INCDTP-ICPI), took place online on 01-
03 October 2020. ICAMS 2020 brought together different stakeholders and provides a platform for a better
understanding of the European innovation ecosystem while raising awareness of the actions needed to enable
synergies and drawing lessons for future actions.

The conference provides the opportunity for exchanging ideas and experience with researchers, scientists
and experts at international level, and for developing new scientific contributions.

Participants virtually attended the event from several academic and research institutions, public and
private sectors. Participants presented their experience on research, innovation, policies and the creation of
synergies. All these inputs offered insightful elements for discussion in the different participatory sessions
throughout the event.

The conference topics include, but are not limited to:

Advanced Materials and Nanomaterials

Biomaterials and Biotechnologies

Innovative Systems, Technologies and Quality Management
Ecological Processes for Circular and Neutral Economy
Creative Industries and Cultural Heritage

Education and Digitalization

ok wNE

We would like to thank all the participants, the International Scientific Committee, partners and all the
sponsors that made this scientific event possible. ICAMS Conference has already become a tradition,
contributing to the advancement of Materials Science in research, academic, social and business environments
worldwide.

EDITORS,

Dr. Gheorghe COARA
Director, INCDTP — Division: Leather and Footwear Research Institute (ICPI), RO

Dr. Laurentia ALEXANDRESCU
Scientific Secretary, INCDTP — Division: Leather and Footwear Research Institute (ICPI), RO
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The paper presents results of the new Social and Environmental Report of the European Leather
Industry (SER 2020) that follows up on the exercise done in 2012. Based on an intensive survey
amongst European tanneries, led by COTANCE and industriAll-European Trade Union, company
data on social indicators and environmental parameters that reflect the performance of the tanning
sector were collected. Companies’ data, anonymised and aggregated at national level and centrally
computed at European level are presented and analysed, versus 2012 data, where appropriate (in
terms of average values). Social Footprint of the EU Tanning Industry (employment contracts, age
distribution in the EU force, staff retention, education, citizenship, gender balance) and
Environmental Footprint of the EU Tanning Industry (chemical consumption, energy consumption,
breakdown of energy sources, water consumption, removal of water pollution, waste generation,
solvent consumption, costs and investments) are thoroughly discussed. Finally, Sustainability
priorities / Ethical issues for the value chain and Objectives and challenges for the future are
communicated in order to demonstrate the continuous striving of Europe’s leather sector towards
excellence in social and environmental performance.

Keywords: social report; environmental footprint; sustainable development

INTRODUCTION

The peerless quality of European leather is internationally recognized. Technological
innovation, process performance, environmental protection, social accountability, design
and style, are the assets that make the success story of European tanners.

The European Tanning Industry is composed of nearly 1,600 companies and 33,000
workers and 7.4 billion Euro turnover, albeit there has been a gradual concentration over
the last decade. The sector has traditionally been composed of family-owned small and
medium enterprises but also includes large, listed multinational companies. The average
size of a European tannery is currently 21 employees; in 2000, it was 24 employees.
Today, the tanning industry in Europe represents a strategic segment of the manufacturing
sector, thanks to the combination of tradition and continuous innovation. These
characteristics have led the European tanning sector to become a global leader in terms
of both value and of quality. The EU share of global turnover is the largest, at 30%, before
China, Brazil, India and the other producers.

European tanners process all the main species (bovine - over 80% of production -,
ovine and caprine) and supply for all the end uses for leather. The main market destination
of leather has traditionally been the footwear sector. It is still the largest destination,
accounting for 38% of European production. However, in recent years use in other
products has increased, such as leather goods (22%) and car interiors (13%).

https://doi.org/10.24264/icams-2020.1.0
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SER 2020 — A Comparative Approach Proving the EU Tanning Industry’s
Continuous Striving towards Sustainable Development

The Social and Environmental Report of the European Leather Industry (SER 2020)
is the second publication of its kind. The first, published in 2013, was a follow-up action
from a previous initiative of the Social Dialogue of the European Leather sector, that
adopted a protocol for the reporting of social and environmental indicators. Indeed, as
early as 2009, business and workers representatives drew up a list of parameters against
which to measure the sector’s performance with regard to key social and environmental
criteria. This was to help companies position themselves against a European benchmark,
providing the sector with a common instrument for measuring progress over time, serving
as a communication tool in the leather value chain, and as a model for other regions of
the world.

This SER 2020 allows you to judge for yourself the commitment of the men and
women of Europe’s tanneries, to sustainability.

WORKING METHOD APPROACHED

Based on an intensive survey amongst European tanneries, led by COTANCE and
industriAll-European Trade Union, company data on social indicators and environmental
parameters that reflect the performance of the tanning sector were collected. Companies’
data, anonymised and aggregated at national level and centrally computed at European
level are presented and analysed, versus 2012 data, where appropriate (in terms of average
values).

The sample comprised 79 companies (5% of the EU total) from Italy, Germany,
Austria, Denmark, Sweden, UK, Spain, France, Portugal, Hungary and Romania.
Although the distribution of the respondents in the EU countries does not replicate the
structure of the European tanning sector, the representativeness in terms of production
volume is quite high at 43% of total EU production. Company data have been collected
for each year of the reference period (2016 — 2017 — 2018).

To enable an assessment of trends between the first and second SER, the same Key
Performance Indicators (KPIs) have been considered. They constitute the most significant
parameters to assess sustainability. The comparison between SERs has been made on the
basis of the average results of the first SER and the current one.

For the comparison of the results, it is worth noting that the samples of the two editions
of the SER differ in terms of representativeness of company size, production cycle, leather
typologies and countries of reference.

In particular, the 2019 survey is characterised by a higher percentage of full cycle
companies (from hides/skins to finished leather). There were also differences between the
reports, in terms of production specialization of the responding companies and their
wastewater treatment options. Therefore, comparison of certain KPIl was not done, due to
the inconsistency of reporting between the two reports, e.g. waste production and removal
of pollutants. Moreover, the different sample composition led to a slight increase of some
environmental indicators (chemicals consumption, waste) due to inherent differences in
the processes described, skewing the final result. For example, the second report included
a higher proportion of full-cycle, high volume bovine leather manufacturers for the
automotive sector which as previously noted, will report more process steps and
consequently, greater use of chemicals and energy, artificially distorting any comparison
with the first report.

https://doi.org/10.24264/icams-2020.1.0
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RESULTS AND DISCUSSIONS

Social Footprint of the EU Tanning Industry

One of the pillars on which the social responsibility of the European tanning industry
is based is the respect and valorisation of human resources. This is essential for an
industry that combines technological innovation and craftsmanship.

Employment Contracts

More than 90% of workers in European tanneries have a permanent employment
contract. Breakdown of workers in the sample is presented in Figure 1.
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Figure 1. Breakdown of workers in the sample by employment contract, comparison
SER 2012 vs. SER 2020
Age Distribution in the EU Workforce

The age distribution data revealed an increase in the over 55 age group and a decrease
in the 36-45 age group. Age brackets are presented in Figure 2.
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Figure 2. Age distribution of workers in the tanneries composing the sample,
comparison SER 2012 vs. SER 2020
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Staff Retention

The data confirm that almost 50% of the workforce has been employed in the tanning
sector for more than 10 years, 26% from 10 to 20 years and 12% between 20 and 30 years.
This confirms that employees recognise and value work in the tannery, which, despite its
unwarranted negative image, is characterised by a safe and stimulating working
environment.

Education

The education data reveals a more educated workforce than seen in 2012. The number
of employees with qualifications of EQF 5&6 has doubled and those with EQF 3&4 has
also increased, compared to 2012.

Citizenship

The number of migrant workers has doubled since the previous survey. This is linked
to the increased mobility of workers in the sector in EU countries, especially in Central
and Northern Europe, in the last year.

Gender Balance

The number of females in the workforce has increased slightly compared to 2012. The
trend is certainly positive, although with the physical nature of tannery work, it is unlikely
that gender balance will be achieved. The slight increase in female personnel could be
linked to the ongoing process of transformation and technological innovation of
manufacturing processes, which has reduced the very physical nature of some activities.

Environmental Footprint of the EU Leather Industry

Tanning is fundamentally an activity corresponding to the circular economy. The raw
materials, hides and skins, are residues of the food industry, bio-based substances
synthesized from by-products or residues of other industries are used in tanning
processes, and residues from the leather process can be recovered and used by other
industrial sectors, including agriculture, food, pharmaceutics and others. Finally, leather
is a durable material. Leather articles will last a lifetime and can be repaired or
remanufactured, going well beyond resource efficiency and recycling.

Chemical Consumption

Data collected for this survey show that between 2016 and 2018, European tanneries
consumed an average 2.15 kg of chemicals per square metre of finished leather. Chemical
products are normally applied in aqueous solution during the ‘wet processes’ of leather
manufacture (liming, tanning, dyeing and fatliquoring) and sprayed or layered on the
surface of the leather during the finishing phase. Average consumption of chemicals
(kg/m?) in the tanneries composing the sample, 2016-2018, are presented in Figure 3.
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Figure 3. Average consumption of chemicals (kg/m?) in the tanneries composing the
sample, comparison SER 2012 vs. SER 2020

Note: Differences in the sample composition in 2012 and 2020 do not allow a meaningful
direct comparison. In 2012 there was a significantly higher proportion of tanneries
starting from wet-blue which results in an average lower chemicals consumption. The
closeness to the 2020 figure suggests that there has been a further reduction in chemical
consumption.

Energy Consumption

Over the last three years, European tanners used an average of 1.76 Tonne of Oil
Equivalent (TOE) per 1000 square metres of leather. This unit represents the amount of
energy released by burning one tonne of crude oil, about 42 gigajoules or 11630
megawatt-hours. Average consumption of energy by tanneries composing the sample
expressed in terms of Tonnes of Qil Equivalent (TOE) per m?, 2016-2018, is presented in
Figure 4.
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Figure 4. Comparison of the average consumption of energy expressed in terms of
Tonnes of Oil Equivalent (TOE) per m? by tanneries composing the sample of SER
2012 and SER 2020
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Breakdown of Energy Sources

Natural gas is the main source of energy for European tanneries, accounting for more
than 2/3 of total energy consumption. However, tanneries are investing more and more in
renewable energy resources.

Water Consumption

In 2016-2018, European tanneries consumed an average of 0.121 cubic metres of
water to produce one square metre of finished leather, about 7% less than the amount
reported for years 2010-2011.

Removal of Water Pollution

Efficiency of wastewater treatments with regard to certain pollutants for the tanneries
composing the sample, 2016-2018, is presented in Figure 5.
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Figure 5. Efficiency of wastewater treatments with regard to certain pollutants for the
tanneries composing the sample, comparison SER 2012 vs. SER 2020
Waste Generation
After valorisation of by-products, European tanneries generate an average of 2.63 kg
of wastes per square metre of finished leather produced.
Solvent Consumption

In order to further reduce emissions to air, the European tanning sector is constantly
working to reduce the use of solvents. As such, solvent consumption is a good measure
for monitoring the quality of tannery air emissions. The 3-year analysis shows an average
solvent consumption of 29.5 g per square metre of finished leather. This represents a
reduction of 32% compared to the previous report.

Environmental Costs and Investments

Environmental costs in 2020 are similar to those reported in 2010, averaging around
4% of turnover. The value represents the “equilibrium level” between increased

https://doi.org/10.24264/icams-2020.1.0
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investments/costs and efficiency in processing (from both an environmental and
economical perspective). The main directions are the following:

e Wastewater treatment

e  Waste management

e Air pollution abatement

e Energy saving/renewable energy

Sustainability Priorities / Ethical Issues for the Value Chain

Mainly refer to:

e Fair trade (banning of export restrictions/ taxes on raw materials)

e  Product quality and innovation

e Social accountability and environmental performance

e Due diligence: proactive and reactive process through which enterprises can
prevent and mitigate adverse impacts related to human rights, labour rights,
or the environment

e Product safety: refers to origin marking, requirements applicable to leather,
process chemicals and auxiliaries for leather production

e Traceability and transparency in the supply chain

e Animal welfare

Objectives and Challenges for the Future

Important tasks for the future in our opinion seem to be:

e Protection of the term leather and guarantee the authenticity of leather in
advertisements or labels and descriptions of articles and products, so that
consumers can make informed purchasing choices.

e Quality of raw materials, that requires the alignment of all the links of the
supply chain, from livestock breeding and transport, to slaughterhouses and
hides & skins collection and storage centres.

e Sectoral education & training services: with an ageing population, it is
important to ensure the renewal of the workforce and the transmission of
knowledge as well as the provision of new skKills.

e Strengthen the good governance of the sector at the international level.

CONCLUSIONS

Leather is a fascinating material in many ways. Who doesn’t react to the distinctive
scent of leather or the soft, warm touch of its surface? But leather invites our interest for
other reasons. It is probably the oldest example of the circular economy.

Leather-making is also sensible from an ethical and environmental point of view. It is
now widely understood that livestock are not slaughtered for hides or skins, as they
represent only a small part of the value of an animal. The use of these raw materials is
significantly better than wasting them, creating a global environmental and sanitary
disaster.

The use of leather avoids the waste of a renewable resource. Using leather reduces the
need for plastics or other synthetics derived from non-renewable sources, that end up in
our oceans and whose micro-particles can now even be found in the food chain.

https://doi.org/10.24264/icams-2020.1.0
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Leather is also natural and biodegradable. However, to be deserving of the
qualification of sustainable, leather must also comply with strict social and environmental
standards. It is nonsensical for leather to have these extraordinary intrinsic credentials, if
during its production it creates more environmental damage than it avoids, or if workers
are exposed to dangerous chemicals. Just as leather must fulfil strict criteria for protection
of consumers, emissions to water, land or air, risks during production must be also
managed and reduced.

Europe’s environmental ambitions are described in its Green Deal, the Circular
Economy Action Plan and the Farm to Fork Strategy. The European Leather industry
expects much from these. After the adoption of the PEFCR for leather, the industry is
now advocating for zero-allocation of the environmental impact of livestock rearing to
hides and skins, and participating in the development of a PEFCR for Apparel &
Footwear. In this context, R&D for cleaner production technologies continues to improve
the sector’s environmental performance while improving the quality of products and
processes.

The Social and Environmental Report (SER 2020) illustrates all of these and the
progress achieved by the European Leather Industry, since 2012, towards sustainable
development.
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PERSPECTIVE IN USING CHITOSAN FILMS FOR SENSORS

RALUCA MARIA AILENI, LAURA CHIRIAC, IRINA SANDULACHE
INCDTP, Lucretiu Patrascanu 16, Bucharest, Romania, e-mail: raluca.aileni@incdtp.ro

This paper presents some aspects concerning the possibilities of using chitosan films for sensor
development. The proposed approaches consist of the development of the experimental samples
using 100% cotton fabrics (plain weave) coated with a conductive paste based on chitosan (low,
medium, and high molecular weight) and copper microparticles. Our samples were obtained using
the scraping method and free drying (24 h), followed by crosslinking 2-3 minutes at 150-160°C.
Surface resistance was investigated using the resistance tester based on two parallel electrodes.
The results showed that textile coated with chitosan paste with metallic particle content has a
poorly conductive character. Based on the surface resistivity, was calculated the surface
conductivity. Using the VCA Optima device was investigated the surface wettability by contact
angle to conclude if the samples present a hydrophilic or hydrophobic character. After these tests,
we concluded that almost all samples have a hydrophilic character due in large part to the fact that
this polymer (chitosan) has hydrophilic nature.

Keywords: textile, chitosan, sensors

INTRODUCTION

The scientific interest in developing chitosan films for medicine due to the
antimicrobial properties, sensors, food packaging, or heavy metals collecting, was
increased because chitosan is a natural mucopolysaccharide of marine origin and is
considered a friendly, biodegradable and biocompatible polymer. It is already known
the antibacterial effect, heavy metal adsorption effect, antioxidation effect, and film
development of the chitosan. Several studies on the mechanical properties of chitosan
films reinforced with the cellulose of coconut fibers found that the tensile strength of
the film was increased (Bhuvaneshwari et al., 2011).

Some scientific researches show the interest in using chitosan film for the acetone-
based gas sensor in order to detect acetone concentrations in human breath in case of the
diagnosis of diabetes mellitus in patients (Nasution et al., 2013) or to detect heavy
metals from water (Sugunan et al., 2005; Ahmed and Fekry, 2013).

However, chitosan blended with polyethylene oxide (PEO) showed lower water
vapor permeability values than chitosan/poly (N-vinyl-2-pyrrolidone) (PVP) films (Li,
2008). In the case of the chitosan, films were prepared by casting method, and
neutralization treatment with sodium hydroxide (10% NaOH) solution was observed
that the increasing in mechanical property and a reduction in swelling property, water
vapor permeability, and oxygen permeability is a directly proportional relationship with
the NaOH concentration increasing (Chang et al., 2019). A flexible chitosan film
developed using lactic acid solutions as solvent was reported with an increased
wettability directly depending on the lactic acid ratio used (Niamsa and Baimark, 2009).

Also, some scientific papers show the concerns in the development of the
multifunctional nanocomposites of chitosan with silver nanoparticles, copper
nanoparticles, and carbon nanotubes because of increased antimicrobial activity, in
approximatively 10 minutes, against bacteria such as Gram-negative and Gram-positive
bacteria, E. coli, Staphylococcus aureus (Morsi et al., 2017; Haldorai and Shim, 2013).
Chitosan (CS) based copper oxide (CuO) hybrid material has reported a material with
high photocatalytic activity and antibacterial activity against Escherichia coli (Haldorai
and Shim, 2013).
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EXPERIMENTAL PART

In our experimental part, 12 samples from 100% cotton (plain weave) were coated
with thin films based 1-2% chitosan with low (chitosan 1), medium (chitosan 2) and
high molecular (chitosan 3) weight and copper microparticles (size dimension 14-25
um), being followed by drying for 24 hours at room temperature and crosslinking at
150-160°C for 3-5 minutes (Table 1). In order to obtain the paste, the chitosan powder
was dissolved in a 0.5-2% acetic acid solution. The chitosan film was deposited by the
scraping method. In Table 1, the surface resistance was measured before (Rs1) and after
(Rs2) crosslinking. Besides, the electroconductive behavior was appreciated before
(electroconductive effect;) and after (electroconductive effecty) crosslinking. The
wettability of fabric coated was investigated through contact angles for the 12 samples
developed were measured by using the device VCA Optima (AST — Figure 1) and is
presented in Table 2. In Figure 2 are presented images showing the canvas - surface
morphology before and after chitosan-copper pasta deposition for sample no. 2.

Table 1. Electrical characterization of the experimental samples functionalized by
chitosan and Cu microparticles

TR L& L2
zZ g 2 g £ £ © 45 a8t . o3f
£ £ £ 8 ¢ wsg? ¢ wg*?
O O O <« o 3]
1 X X X x 10° antistatic 1012 antistatic
2 X X X x 108 conductive 10*  conductive
3 X X X x 104 conductive 10*  conductive
4 X X X x 107 semiconductor 10°  antistatic
5 X X X x 10 conductive 100 antistatic
6 X X X X 107 semiconductor  10° antistatic
7 X X X x 108 antistatic 10 antistatic
8 X X X x  10* conductive 10 antistatic
9 X X X X 1010 antistatic 10 antistatic
10 X X X x 101 antistatic 1012 antistatic
11 X X X x 107 semiconductor 102  antistatic
12 X X X x  10% semiconductor 10'2  antistatic
Table 2. Contact angles - VCA Optima
No.  View - Textile material after Chitosan - Contact Hydrophobic/hydrophilic
Cu film deposition angle [] character
1 Hydrophilic

https://doi.org/10.24264/icams-2020.1.1
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No.  View - Textile material after Chitosan - Contact Hydrophobic/hydrophilic
Cu film deposition angle [*] character
2 0 Hydrophilic
3 46.90 Hydrophilic
4 43.50 Hydrophilic
5 107.40 Hydrophobic
6 0 Hydrophilic
7 0 Hydrophilic
8 0 Hydrophilic
9 0 Hydrophilic
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No.  View - Textile material after Chitosan - Contact Hydrophobic/hydrophilic
Cu film deposition angle [*] character

10 102.30 Hydrophobic

11 0 Hydrophilic

12 113.40 Hydrophobic

. Y e /}h r? ..
a. Sample 2 - raw fabric b. Sample 2 coated c¢. Sample 2 coated
(magnitude 2000X) (magnitude 2000X) (magnitude 4000X)

Figure 2. SEM images showing the canvas - surface morphology before and after
chitosan-copper paste deposition
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DISCUSSIONS

Following the wettability test using the VCA Optima device, we can appreciate that
for samples 5, 9, and 12, the values of the contact angles are in the range [102.3-
113.40], but after 60 seconds, the distilled water drop (4 ul) is absorbed, and the textile
material sample is restored to initial condition.

From Table 1, it is evident that from the initial conductive samples (2, 3, 5, and 8),
after the crosslinking only samples 2 and 3 are still conductive. In the case of the
samples, 2 and 3 were observed minor changes in the surface resistance, such as: for
sample 2, the surface resistance was increased with 1%, respective for sample 3, the
surface resistance was not changed. After crosslinking, samples 5 and 8 become
antistatic, and the surface resistances were increased with 150% for sample 5, respective
with 175% for sample 8.

Besides, it was investigated the correlation between contact angle and values of the
surface resistance and because of the correlation coefficient RRgesistance, Contact angle 1S
0.2756. This means that between the contact angle values and the surface resistance (1),
it is a low correlation.

R _ |1.0000 0.2756 1
Resistance,Contact angle — 0.2756 1.0000 ( )

Overall, the other samples after free drying or crosslinking become antistatic by
increasing the surface resistance with 1%-100%.

CONCLUSIONS

We can conclude that samples 2 and 3 obtained by chitosan low molecular weight
and copper microparticles have the potential to be used in sensors application because
they are conductive before and after crosslinking.

The surface resistance is not dependent on the wetting capacity of the fabric, and
crosslinking involving a supplementary drying generates moisture loss and leads to
increasing the surface resistance and decreasing the conductivity.
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THE ELEMENTARY CHARACTERIZATION OF ANTHILL CLAY FOR
COMPOSITE MATERIALS AND ADVANCED INDUSTRIAL APPLICATIONS
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Department of Chemical and Process Engineering, University of Peradeniya, Peradeniya,
20400, Sri Lanka, sureshaluvihare@gmail.com
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Anthill clay is a distinct soil/clay genre among common soil types because of the extraordinary
stockpiling method. The small particles are carried in and erected an anthill by a small creature that it
is called as termite. In generally, clay is a conspicuous raw material for industrial applications greatly
and the assay of expediencies of anthill clay for advanced material applications were the prospects of
the existing research. Carefully collected anthill clay samples were characterized under the physically
and chemically using standard procedures and instruments. The mechanical characteristics of
prepared bricks from anthill clays under 8000C were investigated. As the major outcomes of the
existing investigation of raw clays, there were looked to 5.56 of PH value, 15% of natural moisture
content, gap graded and symmetrically distributed arrangement of grains, 60% finer particle
percentage (<0.075mm) according to the weight, composition of Fe, Ti, Ba and K based compounds
including Fe minerals with large sorption capacity for other metals. In addition that 25% of water
absorption, 2.62 of bulk specific gravity, 65% of apparent porosity, 21 Mpa compressive strength and
0.4 Mpa splitting tensile strength were observed with respect to the bricks which were prepared from
the anthill clay. Based on the behaviors of such anthill clay it should be an influential material in the
advanced material manufacturing in the industrial purposes such as the water treatments, rigid
materials, catalysts and refractors.

Keywords: anthill clay, physico-chemical characteristics, advanced industrial applications

INTRODUCTION

Anthill clay is some sort of different clay variety among well known clay species
because of the availability of anthill clay. When considering the origin and formation of
anthill clay, the initial factors would be similar with the origins of other clay types such
as the transportation and accumulation of sediments due to the rain, wind or gravitation
force. The pattern of availability is exactly significant because the anthill is prepared by
termites using some of available clay type at around the location. Therefore, the
characteristics of the anthill clay would be differing based upon the location. As the
literature review of the existing industrial uses of other different clay varieties the
following uses could be highlighted as the dominant examples (Maina et al., 2015):
pottery industries; ceramic and porcelain industry; manufacturing of building materials.

Since the ancient applications were limited for mechanical applications, currently
most of new innovations are being processed regarding most of different clay varieties
beyond the primary uses of such clays. Among the well-known modern investigations
of clays, applications of the industry of water treatment gained high benefits because the
water pollution has been detected as a huge matter in the current world (Adamu et al.,
2010). According to the literature reviews on the recent researches of the developments
of following important approaches were emphasized as the important outcomes
(Maurya et al., 2018): removal of heavy metals from the contaminated/polluted water;
removal of some pathogens from contaminated water; removals of unnecessary or
hazardous ions from waste water.

According to the working explanations of the most of above tasks, the main working
process is adsorption, a chemical process which occurs due to the electrostatic forces of
both attracting compound and attaching compound (Mahandrimanana and Joseph, 2013).
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Therefore, the adsorption process is a surface-based chemical process and does not
involve penetration of the attached material.

Clay is usually known as a group of minerals with the silicate minerals and some of
ferrous minerals (Adamu et al.,, 2010). Due to the diversities in the chemical
compositions, clays have obtained a series of distinguished properties including some
advanced characteristics such as the refractory properties, adsorption capacities and ion
exchanging properties (de Oliveira et al., 2016).

Anthill clay is a specific clay type which is not enclosed as an industrially applicable
material since it may have some of extraordinary characteristics. In the existing
research, there were expected to investigate the primary physic-chemical characteristics
of a selected unknown type of anthill clay and also to investigate some mechanical
properties of prepared brick from such anthill clays.

MATERIALS AND METHODOLOGY

The raw anthill clay samples were collected from Matale region by following
important precautions to maintain the accuracy of the results of further analysis — to be
collected in a dry climatic occasion; usage of well cleaned non-metallic tools; storage in
polythene bags. The important physical-chemical characteristics of raw anthill clays
were investigated using standard methods and instruments as discussed in Table 1.

Table 1. Investigations of the physical-chemical characterizations of the clays

Physical-Chemical Characteristic Instruments and Methodology

- The pH value of a prepared clay solution (distilled water) was
Acidity (pH) measured using a digital pH meter
The weight loss of some selected natural clay portion and
the dry weight of the sample clay portion
Mechanical sieve analysis (dry sieve analysis) of anthill clay
using the size range 2mm-0.037mm and < 0.037mm

Natural Moisture Content

Particle Size Distribution

Clay Portion The representative clay sample was dissolved out in distilled
(Finer Portion <0.075mm) water on 0.075mm sieve (wet sieve analysis)
Elemental Chemical Composition X-ray fluorescence (XRF) spectrometer

The following definitions and equations were used in the computation of the
important properties of raw clays (Verma et al., 2017).

Moisture content = {(W, — Wg)/ W,}*100% Q)

W= Initial weight of raw clay sample/ g
WEe= Final weight of dried clay sample/ g

Coarse portion = (W¢/ Wp) *100% 2
Finer portion = {(Wp — W¢)/Wp} * 100% 3)

Wc= Dry weight of the coarse portion/g
Wp= Weight of dried initial clay sample/g

According to the dry sieve analysis results of clays, the particle size distribution
curve was plotted on a semi-logarithm sheet, recording readings in accordance with
literature (Umoru et al., 2015):

e Djo— Dss = Diameter corresponding to 10% —75% finer percent in the particle
size distribution curve/mm

https://doi.org/10.24264/icams-2020.1.2

36



ICAMS 2020 — 8" International Conference on Advanced Materials and Systems

Based upon above results, the important grain size parameters of the clay were
computed using the given equations and definitions (Dewangan et al., 2015).

Effective size = Dyo 4)
Cu=Deo/ D1o ®)
Cu = Uniformity coefficient

Cc = (D30)? / (Deo * D1o) ®)
Cu = Coefficient of gradation

So = (D7s/D2s)*? @)
So = Sorting coefficient

Average grain size = Dsp 8)
Sk = (D25 ™ Dzs) / Dso 9)

Sk = Skewness

The representative clay portion sample was dried for 24 hours at the temperature of
110°C and analyzed using an X-ray fluorescence (XRF) spectrometer (Cultrone et al.,
2004). A set of bricks were manufactured from this anthill clay under following conditions:

e  Sizes were 1.5cm x 6¢cm x 10cm in moulds;
e  The firing temperature was 800°C in muffle furnace;
e The firing time was about 12 hours.

The compressive strengths and splitting tensile strengths of manufactured bricks

were tested using the universal tensile strength testing machine.

b)
Figure 1. a) Anthill clay sample; b) Manufactured anthill clay bricks; c) Breaking the
structure of bricks under compressive load and (d) under splitting tensile load

In the computation of the compressive strengths and splitting tensile strengths of
bricks, following equations and definitions were used (Abu Bakar et al., 2018).
Compressive Strength =Pc/ A (10)

Pc = Applied compressive load in the failure of the structure (N)
A= Surface area of the bed surface of the brick (m?)

Splitting Tensile Strength = 2 P/ (n*H*L) (11)

P = Maximum applied load at the failure of the structure (N)
H = Distance between two edges (bridges) (m)

n = Constant (3.142)

L = Splitting length (m)

Bulk densities and porosities of manufactured bricks were tested as discussed in
Table 2 (Umoru et al., 2015).
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Table 2. Investigation of the mechanical properties of manufactured bricks from anthill clay

Mechanical Property of Bricks Methodology

Water Absorption The weight difference between the weight of dry brick and the
weight of wetted brick
(24 hours immersion period in water)

Bulk Density The ratio between the dry mass of the brick and occupied
volume
Porosity The ratio between the volume of absorbed water and the

volume of the brick

The above-mentioned characteristics of clay were computed using following
equations and definitions based upon the obtained results.

Water Absorption = {(Ww — Wp)/ Wp} * 100% (12)

Wp= Weight of the dried brick /g
Ww = Weight of the wetted brick/ ¢

Bulk Density = Wp/ V (13)

Wp = Dried weight of the brick /g
V = Volume of the brick / cm?3

Porosity = {(Ww- Wp)/ p *V}*100% (14)

Wy = Wetted weight of the brick /g

W, = Dried weight of the brick /g

p = Density of the absorbed fluid by the brick (absorbate) /gcm (For water, p = 1gem™®)
V = Volume of the brick / cm?

RESULTS AND DISCUSSION

The obtained results for the physic-chemical properties of anthill clays have been
shortlisted in the Table 3.

Table 3. Physical-chemical characteristics of anthill clay

Physical-Chemical Characteristic Result
Acidity / (pH) 5.56
Natural Moisture Content / (%) ~15
Weight Percentage of Coarse Particles (Sand) / (%) ~40
Weight Percentage of Finer Particles (Clay and Silt) / (%) ~60

According to the acidity of such clay, it is categorized as weak acidic clay because
the pH value is between 5.5-7.0. The acidity of soil will be much considered in the
agricultural and plantation purposes. The natural moisture content is a primary indicator
for some sort of physic-chemical characteristics such as the porosity although it is
impossible to use that one as a factor for such characteristics because it is not depending
only on the characteristics of clay/soil and the natural moisture content is also depended
on the environmental conditions such as the climatic conditions of the location
(Mahandrimanana and Joseph, 2013).
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The finer portion was obtained as ~60% according to the weight procentage which is
indicated the characteristics of plasticity and cohesiveness of such soil/clay and would
be a combination of clay, silt and ultrafine clay.

The elemental chemical composition of anthill clay is given in the Table 4.

Table 4. Elemental composition of anthill clay

Atomic Number Element Content (%)
26 Ferrous 82.08
22 Titanium 4.84
56 Barium 0.79
19 Potassium 12.28

According to the above results, it seems that the major composed metallic element is
Fe with other trace metallic elements such as Ti, Ba and K may be in the form of their
oxides namely as Fe;Os, TiO2, BaO and K;O. In the discussion of the common
behaviors of such elements with their different forms, the Fe could be identified as a
non-hazardous element which is also becoming a part of most of minerals. Usually the
Fe minerals were identified as strong sorption or adsorption materials for some other
metals such as the heavy metals in the recent researches with the applicability of clays
for multi-purposes (Saat et al., 2009). Therefore, this anthill clay could be further
developed or used in the waste water treatments especially for the waste water with
some higher concentrations of heavy metals and also higher concentration of pathogens.
The element Ba is also a non-toxic element although the Ba?* is highly toxic for human
body, if it is inserted into the digest system as a containable material in aqueous
solutions because Ba?* solutions may not be dissolved in hydrochloric acid and
ultimately it is possible to cause some stomach problems (Baranowski et al., 2002).
Therefore, it is most important the investigation of the leaching of Ba?* into water, if
this clay is selected for the water purification material. Also the element K is identified
as a non-toxic element. But it is possible to find some effect on the alkalinity of the
water, if this clay type is using in the water purifications because K is an alkaline metal.
Alternatively, the K* has been identified as an exchangeable ion that able to replace for
another cation. Therefore, it is possible to find some advanced ion exchanging
applications in chemical water treatment processes. lon exchanging is an advanced
chemical treatment method for waste water to remove some undesirable ions from the
waste water and to replace with some desirable ions (Maurya et al., 2018). In addition
that there was not found any heavy metal nor toxic element in anthill clay under this
investigation. As a further recommendation, it is possible to suggest some advanced
chemical compositional analysis method which is namely as Neutron Activation
Analysis (NAA) for better descriptive results. The retained clay weights on each sieve
and percent finer with respect to each sieve are shortlisted in the Table 5.

The majority was obtained by the particles in the size ranges of 0.25 mm - 0.5 mm
according to the weight of the clay sample. The retained weight percentages on sieves
are some better readings for the investigation of the particle size distribution. The
majority of weights in large sieves indicate the coarse grained soils and the majority of
weights in finer sieves indicate the fine grained soil (Verma et al., 2017).

Table 5. Particle size distribution of anthill clay (grain sizes)

Sieve Size Weight retained Percentage of Cumulative percentage Percent
(mm) on each sieve (g)  weight retained (%)  of weight retained (%)  Finer (%)
2 0.02 0.04 0.04 99.96
0.5 10.34 20.32 20.36 79.64
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Sieve Size Weight retained Percentage of Cumulative percentage Percent
(mm) on each sieve (g)  weight retained (%)  of weight retained (%)  Finer (%)
0.25 15.61 30.68 51.04 48.96
0.149 12.39 24.35 75.39 24.61
0.074 391 7.68 83.08 16.92
0.037 7.86 15.45 98.53 1.47

<0.037 (pan) 0.75 1.47 100 0.00

The plotted particle size distribution curve of anthill clay is shown in the Figure 9.
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Figure 9. Particle size distribution curve of anthill clay

When considering the shape of the graph (curve), it seems the appearance of the
particle size distribution curve of a gap graded clay/soil because the slope (flattened
slope) of the graph was deviated from the continuous pattern and a concave shape was
observed at the middle part of the graph. Those observations indicate the presence of
particles in different sizes since lack of any sequence - Table 6 (Dewangan et al., 2015).

Table 6. Important readings from the particle size distribution curve

Reading ~ Dio(mm)  Dzs(mm)  Dso (mm)  Dsp (mm)  Deo(mm) D7s (mm)
Value 0.051 0.146 0.175 0.25 0.295 0.425

Based upon the above important readings, the following important parameters were
computed and interpreted as the Table 7.

Table 7. Important parameters regarding the grain sizes of clay

Type  Effective  Uniformity  Coefficient Sorting Average Skewness
of Size Coefficient ~ of Gradation  Coefficient ~ Grain Size Sk (mm)
Clay Do (mm) Cu Ce So Dso (mm) ¥
Anthill 4 059 5.78 2.04 1.7 0.25 0.248
Clay

The effective size (D1g) of a clay or soil is much useful indicator for the drainage
and hydraulic conductivity of such clay or soil. If the effective size (Do) is too
diminutive, the hydraulic conductivity will also be reduced. Therefore, the effective size
(Do) of a clay or soil could be considered as the primary characteristic which is related
with the permeability of such clay or soil. When the selecting this clay type for some
water filtration applications the hydraulic conductivity would be an important factor
because the filtration time is depending on the hydraulic conductivity. Apart from the

https://doi.org/10.24264/icams-2020.1.2

40



ICAMS 2020 — 8" International Conference on Advanced Materials and Systems

effective size (D1o), the shapes of the clay particles play a dominant role on the
hydraulic conductivity. If the clay/soil is consisted with large amount of irregular
shaped particles, the hydraulic conductivity may be increased. Usually the effective size
(D1o) of a soil or clay is using as a comparable parameter when it is available a few of
different clay species to select one more uses (Verma et al., 2017).

When considering g the uniformity coefficient (Cy) of anthill clay, it is more close to
6. That result indicates the well graded clay type because for well graded clays/soils the
uniformity coefficient (C,) is at least 6. Besides, parameter coefficient of gradation (Cc)
also indicates the well grading soil/clay type because the obtained value is between 1
and 3. The sorting coefficient (So) is an indicator regarding the sorting of particles
(grains) in the soil/clay and the higher sorting coefficient (So) values indicate the well
sorted soils/clay (Dewangan et al., 2015).

The average grain size (Dso) and skewness (Sk) are the statistical parameters
regarding the particle size distribution of a soil/clay. The average grain size (Dso) could
be used as a single representative value for the sizes of grains in some of a soil/clay. In
some coarse grained soils, the average grain size (Dsg) values would be higher.
According to the obtained value for the skewness (Sk), it is found more symmetrical
distribution of grains because the result was appeared in the range of 0.10-0.30 (Verma
et al., 2017). The obtained results for the mechanical characterizations of anthill clay
bricks are shown in Table 8.

Table 8. Mechanical characteristics of anthill clay bricks

Mechanical Characteristic Result
Water Absorption (%) 25
Bulk Density (gcm2) 2.62
Porosity (%) ~65
Compressive Strength (MPa) 21

Splitting Tensile Strength (MPa) 0.4

According to the obtained results for the mechanical characterization of bricks, the
average water absorption was detected as ~25% with respect to the weight. The water
absorption is an indicator about the porosity, permeability and the mechanical strengths
of the structure (MVodounon et al., 2019).

The bulk density interprets some concepts regarding the density of particles whether
they are heavier particles or lighter particles.

The porosity is an important characteristic regarding the applications of water
treatment because the high porosity provides a large contact surface area for both water
and clay which is an essential factor for the advanced chemical process “adsorption”, by
means of which some unnecessary components are recovered or removed from some
liquid or gas compound onto the surface of some other solid compound, a process is
frequently applicable in the industry of waste water treatment especially to remove
some heavy metals and pathogens.

The adsorption capacity of some solid material would be varied with the properties
of materials (Baranowski et al., 2002).

When considering the mechanical strengths of bricks, there were found the
strengthen structure against relatively higher splitting tensile loads and higher
compressive loads. The strengths of the brick structure are also depended on the
porosity of structure. Therefore, the anthill clay could be further developed for some
hard uses in the pure form or as a composite material (Kipsanai et al., 2017).
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CONCLUSION AND RECOMMENDATIONS FOR FUTURE WORKS

According to the obtained results, there were observed the gap graded clay with
~60% of finer weight percentage with majority of Fe compounds without having non
toxic elements and the strengthen structure against huge loads. Based on the behaviors
of such anthill clay it should be an influential material in the advanced material
manufacturing in the industrial purposes such as the water treatments based on
adsorption and ion exchanging, rigid materials, catalysts and refractory materials.
Meanwhile the entire compositional analysis of the anthill clays using some advanced
analytical method such as Neutron Activation Analysis (NAA) will be recommended as
a future research activity.
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Leather finishing is carried out by application of coatings that include polymer, pigment, solvents
and any auxiliary products. The acrylic resins are employed in leather finishing to produce
polymer film to create a uniform protective coating on the leather surface. To increase the
operational properties of the polymer coating for leather finishing, it is proposed to use
nanocomposites based on acrylic resin and modified dispersions of montmorillonite (AMC). The
introduction of montmorillonite allows the polymer to be structured and provides improved
physical and mechanical indexes of the leather coating. Acrylic polymers and colored modified
dispersions of montmorillonite (CMDM) were used for the study. The colored montmorillonite
was obtained by treating water dispersions of montmorillonite by sodium carbonate, basic
chromium sulfate and anionic dyes. The AMC contained 1.5-2.0% montmorillonite of the dry
polymer residues. The use of AMC enhances the physical and mechanical properties of the leather
coating. It is shown that the use of temperature at 60 °C for the formation of finishing coating
enhances the structuring of the polymer matrix, which is confirmed by the 40 % increase in the
tensile strength of films and the 10 % reduction in relative elongation at break.

Keywords: montmorillonite, coating, leather finishing

INTRODUCTION

The coating, which is applied to finish the surface of the leather, contains a polymer
for forming a cover film; pigment for desired color; wax emulsion for coating shine and
hydrophobicity; plasticizer to reduce the stiffness of the coating film or increase frost
resistance; a dispersant or emulsifier to stabilize the coating composition (Zhuravsky et
al., 1996; Kasyan, 2019). The largest mass fraction in the coating composition is
represented by polymer (50-60 parts by weight) and pigment (10-15 parts by weight),
which determines their crucial importance for the formation of a high-quality finishing
coating on the leather.

The polymer is used in coating compositions as a film former to create a uniform
protective coating on the leather surface. However, significant physical and mechanical
loadings, multiple bending, blurring in dry and wet conditions, stretching etc. take place
during leather use. This issue is especially relevant for multi-layer finishing of leather
with a buffing or sanding surface. That is why the required level of the leather coating
properties depends on the physico-mechanical and physico-chemical parameters of the
coating films (Kasyan, 2019). Therefore, one of the ways to improve the quality of the
leather coatings is the use of new effective composite materials — components of the
coating compositions, which would adjust and purposefully form the necessary set of
physical and mechanical properties of the polymer coating on the leather.

The use of a clay minerals has a positive structuring effect on acrylic polymers
(Yilmaz et al., 2011; Zhang et al., 2006; Ma et al., 2006).

It is known that the use of montmorillonite dispersions in sodium form helps the
formation of additional chemical bonds between the surface hydroxyl groups of the
mineral and the carboxyl groups of acrylate (Ma et al., 2006). The established
interactions provide a change in the functional properties of the polymer (Yilmaz et al.,
2011; Zhang et al., 2006) and cause the creation of nanocomposites for the leather.
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However, these composites do not paint the surface of the leather, which still requires
the addition of pigment concentrate.

In order to increase the operational properties of the polymer coating for leather
finishing and to make intensive-coloured surface it is proposed to use nanocomposites
(AMC) based on acrylic resin and modified dispersions of montmorillonite. The use of
montmorillonite makes the polymer structured and provides improved physical and
mechanical indexes of the leather finishing coating.

EXPERIMENTAL

Materials

In order to get AMC nanocomposite acrylic resin (AR) and colored modified
dispersions of montmorillonite (CMDM) were used for the study.

As an acrylic polymer (film former) it was used copolymer acrylic emulsion MBM —
3 (TU 6-01-196-89), which is an aqueous dispersion of a copolymer of methacrylate,
butyl acrylate and methacrylic acid in the amount of 3.0 % by weight of monomers
(Danylkovych et al., 2009). The molecular structure of the copolymer determined
sufficient elasticity and strength of the polymer in the temperature range required for
coating on the leather. The emulsion was characterized by a high molecular weight,
which determines the film-forming ability required for the finishing coating. The dry
residue was 38.5 %, the pH — 4.35.

In order to obtain colored modified dispersions of montmorillonite, bentonite clay —
Al,03x4Si0,%x2H,0 xnH,0 (Dashukivske deposit, Cherkasy region, Ukraine) was used.
The main mineral was montmorillonite, the content was 85+3 %. The value of the
exchange capacity was 72 mg-eq/100 g of clay. Humidity — 27 + 3 %.

Methods

The CMDM was obtained by treating water dispersions of montmorillonite by
sodium carbonate, basic chromium sulfate and anionic dyes. Namely, it was used
sequential treatment of aqueous montmorillonite dispersions (100 g/I) with sodium
carbonate, basic chromium sulfate and anionic dyes. The consumption of sodium
carbonate was 6 % by weight of montmorillonite. Consumption of basic chromium
sulfate — 10 % Cr,0O3 by weight of the mineral, the consumption of anionic dyes in a
ratio of 1:1 according to the mineral component. Colored modified dispersions of black
(CMDM-B) and green (CMDM-G) montmorillonite were obtained.

AMC nanocomposites were prepared by sequentially adding to the colored modified
montmorillonite, acrylic emulsion 20 % of its concentration and water to a density of
1.050-1.060 g/cm?.

Polymer films with different content of colored modified montmorillonite in the
nanocomposite were formed in teflon cuvettes according to standard methods
(Balberova, 1987). The polymer films were obtained by drying at 20°C, 40°C and 60°C
for 48, 24 and 10 hours, respectively.

Physico-mechanical studies of polymer films based on nanocomposite AMC were
performed on a rupture machine RMU-5 at a lower clamp speed of 50 mm/min
according to the standard procedure (Danylkovych et al., 2006). The conditional
modulus of elasticity at 100 % and 300 % elongation at a temperature of 20°C, tensile
strength, elongation at break were evaluated (Danylkovych et al., 2006).
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RESULTS AND DISCUSSION

Physico-mechanical properties of polymer films based on AMC were determined by
the content of montmorillonite in the CMDM. The results of the research indicated (Fig.
1) that the conduction of CMDM dispersions into the polymer matrix AR increased the
strength (o) of the polymer films. The maximum level of strength of the films was
achieved when the consumption of montmorillonite in the CMDM was more than 1.5%
of the dry polymer residue (Fig. 1a, 1b). The use of montmorillonite increased in 3.5
times the modulus of elasticity (100 %) of acrylic films with an elongation of 100 %
(Fig. 1, curves).
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Figure 1. Physico-mechanical properties of polymer films based on AMC using
CMDM-B and (a) and CMDM-G (b)

The tensile strength of films (o br) based on AMC increased to 1.81 MPa in case of
using CMDM-B (Fig. 1a) and to 1.73 MPa with CMDM-G (Fig. 1b). This increase
indicated that the strength of the native polymer film increased almost threefold after
the using of CMDM with a consumption of 1.5-2.0 % of the dry polymer residue.

A significant increase in tensile strength (Fig. 1) of polymer films was associated
with conformational strengthening of the polymer structure due to the formation of
strong compact crosslinks with the involvement of active functional groups of polymer
and azo dyes in colored dispersions of montmorillonite (Kovtunenko et al., 2016). Also,
the use of montmorillonite nanoparticles (Mokrousova, 2010) in CMDM with a typical
highly developed sorption surface of mineral particles promoted physical adsorption of
the polymer and the corresponding stabilization of its structure (Kovtunenko et al.,
2016; Zhang et al., 2006; Ma et al., 2006).

A further increase in the amount of montmorillonite above 2.5 % in case of using
CMDM-G (Fig. 1b) reduced the strength of the polymer films. This effect could be
observed especially when the films were stretched by 100 % and 300 %. This could be
explained by the idea that the use of a significant amount of adsorption centers of
montmorillonite affects the greater structuring of the polymer and leads to a decrease in
its film-forming ability due to the high content of mineral particles between the polymer
chains.
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The presence of CMDM mineral particles in the AMC helped to adjust the relative
elongation (¢) of polymer films (Fig. 1a, 1b, curves). The structuring of the polymer
matrix with montmorillonite in the amount of 2.0-3.0 % helped to reduce the relative
elongation to the level of 1100-1200 %. In the case of using CMDM-G (Fig. 1b, curve)
with a montmorillonite amount of 0.25-1.5 % by weight of the polymer, there was a
slight increase (3.0-3.5 %) in elasticity and the corresponding elongation of the polymer
films. However, a further increase in the amount of CMDM-G to the level of 2.0 % of
montmorillonite led to a decrease of 11.5 % in the relative elongation of films based on
AMC (Fig. 1b, curve).

In the case of using CMDM-B (Fig. 1a, curve), a gradual decrease in relative
elongation started at the montmorillonite consumption of 0.5 % from the dry polymer
residue. The maximum reduction of relative elongation to the level of 1180-1200 % was
typical at the montmorillonite consumption of CMDM-B more than 1.5 %.

Such changes in the physical and mechanical properties of films based on AMC
were positive in the formation of a finishing coating for leather with the necessary
resistance to operating loads, abrasion and repeated bending (Bondaryeva et al., 2020).
Excessively high level of elongation and significant viscosity of polymer films can
adversely affect the quality of leather finishing due to differences in physical and
mechanical loads of the polymer matrix and collagen structure (Kasyan, 2019).

Further research has shown that heat treatment of polymer films based on AMC
enhanced the efficiency of their structuring and changes in physical and mechanical
properties (Fig. 2).

The results of research (Fig. 2) indicated the increase in the strength of films based
on AMC after thermostating at 40°C and 60°C.
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Figure 2. Physico-mechanical properties of polymer films based on AMC using
CMDM-B (a) and CMDM-G (b) after thermostating

The presence of CMDM-B dispersion in the composition of the AMC (Fig. 2a)
increased the strength of polymer films (o at 40°C) by 24 % after termostating at 40°C.
In the same time, applying 60°C increased the strength of films (o at 60°C) by 40 %
compared to native polymer films. For the polymer films based on AMC using CMDM-
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G and consumption of montmorillonite above 1.0 % by weight of the polymer (Fig. 2b)
strength values (o at 60°C) reached the level of almost 2.0 MPa after termostating at
60°C and there was no further change regardless of changes in mineral consumption in
the AMC. The maximum effect of thermostating on the structuring of films based on
AMC (Fig. 2b) was observed in the case of montmorillonite consumption in the range
of 1.0 - 2.0 % of the mineral by weight of the polymer residue.

According to the results of elongation studies (g) of films based on AMC (Fig. 2,
curves), it was found that formation of such kind of films at 40°C and 60°C helped to
reduce the tensile strength as well as the elongation of polymer films. The presence of
CMDM dispersions in AMC reduced the elongation of polymer films to the level of
1000 %, which was 10 % lower compared to the same parameter at 20°C.

Our studies indicated a positive effect of thermostating at 60°C for effective
structuring of AMC and improving the physical and mechanical properties of the
finishing films and, subsequently, the leather coating.

CONCLUSIONS

In general, the use of mineral dispersions CMDM in the acrylic emulsion increased
the physical and mechanical properties of polymer films due to their structuring, which
was the result of physical adsorption and probable chemical interactions between active
mineral centers and functional groups of azo dyes and polymer. The consumption of
CMDM at the level of 1.5-2.0 % of montmorillonite by weight of the polymer was
optimal for creating a high-quality finishing coating for leather based on AMC.
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A surface characteristic of leather is an important parameter in shoe industry. During the usage,
the surface of shoes is the main barrier against the environment (mostly water). The macroscopic
and microscopic evaluation is useful to see the surface aspect (surface defects, continuity of finish,
cracks). Test for hydrophilic/hydrophobic activity is important for the leather. In this way we can
estimate if the finishing touches absorb or repel the water. Microbiological test is also important,
because during an intense usage, inside the shoes are released a lot of chemicals through foot
perspiration that can provide a perfect environment for development of mold and bacteria in the
main structure of the shoe. The samples for this study will be five bovine leathers with different
finishes.

Keywords: leather, hydrophilic/hydrophobic activity, microbiologic activity

INTRODUCTION

Leather industry produces a material that can be used in different other fields. One
of these fields is footwear manufacturing. As we know, shoes are products with intense
usage and if we take this in mind, we understand that all the components of a shoe must
have some specific characteristics. Because leather is the main component that stands
between the foot and the exterior environment, surface characteristic of leather is an
important parameter (Serenko et al., 2014). From the start, we must assess the surface
status, in order to be sure that it does not have any structural or/and mechanical defects
such as holes, uneven continuity of finish, cracks so in this way, the microscopic
evaluation of the samples will be performed. Permanent usage of shoes exposes them to
water, that can, in time, infiltrate into the layers of leather and after a while deteriorate
the inner structure of leather (Serenko et al.,, 2014) and finally destroy it. The
hydrophilic/hydrophobic activity is an important test for the leather. It is possible to
estimate if the finishing touches absorb or repel the water (Leroux and Leising, 2014).
The deterioration of a shoe does not come only from the exterior. Our feet secrete
perspiration (Orlita, 2004), the perfect liquid, full of chemicals, perspiration that can
provide a perfect environment for development of mold and bacteria in the main
structure of thr shoe (Oruko et al., 2019). The samples for this study will be five bovine
leathers with different finishes.

MATERIALS

Nutrient agar and nutrient broth were purchased from Novachim (Bucharest,
Romania). Staphylococcus aureus (S. aureus, ATCC 6538), Escherichia coli (E.
coli, ATCC 10536), Klebsiella pneumoniae (ATCC Klebsiella pneumoniae ATCC
4352) were purchased from Novachim (Bucharest, Romania). Leather samples
were prepared from cow hide leather tanned in our institute’s pilot station.
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METHODS

Microscopic determination - S8APO stereomicroscope (LEICA) — it was used
for surface evaluation of samples.

The dynamic contact angle modification for water was measured using a
contact angle analyzer - VCA Optima XE.

Microbiological test was performed using 1SO 16187:2013 standard - Footwear
and footwear components. Test method to assess antibacterial activity.

RESULTS

Macroscopic test of samples — Figure 1 — provides information regarding the
leather aspect and due to the different surface pattern, it is possible to estimate a
potential destination for the final product. The samples P1, P2 and P3 have uniform
pattern colors that recommend these leathers to be used in a small area of product.
Still, P3 possesses a shiny aspect, that can be exploited on a much larger area. P4
and P5 have a graphical motif, lending itself to application on a larger surface.

& .\_\k-"}}‘?.l g

Figure 1. Macroscopic aspect of leather samples

Microscopic images — Figure 2 — have been made using 20 x magnifications for all
analyzed samples. In this way we can see that the surface is smooth, no cracks or
defects are present on the surface. Because of this observation, all leathers can be used

to obtain footwear uppers.
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Figure 2. Microscopic aspect of leather samples

Water contact angle test provides the information regarding the ability of water to
wet the leather sample — Figure 3. Depending on the angle of water droplet, we have
tree aspects:

e 0°-090° - surface is wettable, hydrophilic surface;
e 90° - 180° - surface is not wettable, hydrophobic surface;

o close to 180° - ultrahydrophobic surface - completely liquid-repellent, lotus
effect.

’ gas phase

/ liquid

solid

Figure 3. Contact angle example

In order to see the water behavior on leather samples the VCA Optima XE analyzer
was used. Results of the individual tests are displayed in Table 1.

Table 1. Contact angle of leather samples

No. Sample ca, °
1 P1 92.74
2 P2 103.17
3 P3 99.59
4 P4 116.63
5 P5 102.14

A graphical representation of contact angle is seen in Figure 4. Based on information
provided regarding the contact angle, all the samples are hydrophilic. We can see that
the samples P1, P3, P5 and P2 have values close to 100° (92.74°, 99.59°, 102.14°,
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103.17°) and this indicates that they can provide some protection against water. On the
other hand, for sample P4 an angle of 116.63° was recorded, which tells us that the
leather finish will provide very good protection against water.
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Figure 4. Contact angle of leather samples

Antibacterial activity was determined for all five samples — Figure 5. Results show
that all the samples have very good antibacterial activity; just after 24 h, the percentage
of bacteria that was annihilated was between 99.68% and 100%.
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Antibacterial activity
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Figure 5. Antibacterial activity

CONCLUSIONS

Based on microscopic results, all the samples show a smooth surface, without
cracks. The contact angle test reveal values over 90° for all the samples, which indicates
that leathers are hydrophobic.

All the leathers have an interesting design that can be useful to manufacture
handbags, purses and/or shoes.

The antibacterial activity is very high, the Staphylococcus aureus (S. aureus, ATCC
6538), Escherichia coli (E. coli, ATCC 10536), Klebsiella pneumoniae (ATCC
Klebsiella pneumoniae ATCC 4352) are eliminated in proportion of minimum 99.68%
after 24 h, therefore these types of leathers provide you a clean and safe micro
environment.
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In order to obtain biomaterials with potential use in the treatment of inflammatory skin conditions,
this experimental study approached the immobilization on knitted fabric, made of 100% organic
cotton, of oil-in-water emulsions type, based on xanthan-propolis-cinnamon essential oil, in certain
formulations. For this purpose, seven experimental variants of emulsions were prepared and
characterized, by specific methods, from physical-chemical and stability point of view. The
functionalized textile materials were also characterized from morphological and antibacterial
activity view point. The stability index, determined after 10 days, indicated that the emulsions are
stable, without showing the presence of one of the flocculation, creaming / sedimentation,
coalescence or Ostwald ripening phenomena. The lowest value of the turbidity was obtained for
the experimental variant containing the lowest amount of essential oil and propolis. For the same
variant, the highest value of viscosity was obtained, in which 0,363 mL water /mL emulsion and
0,5 mL xanthan/mL emulsion volume fraction was used. The textile materials treated with the
synthesized emulsions based on xanthan-propolis-cinnamon essential oil shows antibacterial effect
against S. aureus and E. coli test strains.

Keywords: bioactive textiles, xanthan gum, cinnamon essential oil.

INTRODUCTION

Textiles are an excellent carrier of different bioactive compounds through contact
with the skin and have found applications for medical, hygienic, and health purposes
(Alonso et al., 2013). Medical textiles are the products and constructions used for
medical and biological applications such as first aid, clinical and hygienic purposes.
With the growing of public awareness of potential health risks, antimicrobial properties
have attracted increasing attention among practitioners and have been successfully
imparted to textiles to improve the resilience against microorganisms (Dastjerdi and
Montazer, 2010; Yuan and Cranston, 2008; Windler et al., 2013). Currently,
antimicrobials have been playing an increasingly important role in addressing textile
hygiene in clinical and sensitive environments. The development of antibacterial textiles
has received extensive attention and applications in several skin disorders. This
proposal was developed on the basis of the fact that a majority of skin disorders patients
suffer from recurrent bacterial infections, therefore, antimicrobial textiles can be
desirable alternative therapy to treat several skin inflammations by killing bacterial
colonization. In order to obtain the textile materials with potential for use in the
treatment of inflammatory skin conditions, this study approached the immobilization on
knitted fabric, made of 100% organic cotton, of bioactive polymeric systems in certain
formulations, based on xanthan-propolis-cinnamon essential oil.
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EXPERIMENTAL PART

Materials

Xanthan gum (Mayam, Romania) was used as an embedding agent of bioactive
agents. Tween 80 (Sigma Aldrich, Germany) was used as a surfactant with emulsifying
role and glycerol (Honeywell, USA) it has been used as a solubilizing agent with
wetting role. Cinnamon leaf essential oil (Mayam, Romania) and propolis (tincture of
70% ethanol solution) (Larix SA, Romania) were used as bioactive agents. For
preparation of bioactive systems the distilled water has been used. Bleached 100%
knitted organic cotton was used for the functionalization processes.

Emulsion Preparation Methodology

For the achievement of the bioactive systems, initially stock solutions of 1% xanthan
gum and 30% Tween 80 solution were prepared. Further, over the previously prepared
xanthan solution, glycerol was added dropwise and the system was maintained under
magnetic stirring for 10 minutes. After that, Tween 80 emulsifier and distilled water
separately were added under vigorous magnetic stirring. Further, after complete
homogenization of the solution, the propolis and cinnamon essential oil were separately
added, maintaining the magnetic stirring for 10 minutes each stage. Thus, 7 variants of
emulsions have been developed that differ by: i) the nature and concentration of the
embedding agent, ii) the concentration of the selected bioactive compounds and iii) the
concentration of the dispersion medium (water). The selected experimental variants are
presented in Table 1.

Table 1. The concentration of constituents of xanthan gum-propolis-cinnamon
essential oil polymeric system

Composition of the emulsions (reported of 30 mL emulsion)

Code Xanthan Tween 80 Glycerol Water Essential oil Propolis
(mL) (mL) (mL) (mL) (mL) (mL)
R1 9 0.67 3 16 0.67 0.67
R2 12 0.67 3 13 0.67 0.67
R3 15 0.67 3 10 0.67 0.67
R4 18 0.67 3 7 0.67 0.67
R5 15 0.67 3 10.9 0.22 0.22
R6 15 0.67 3 10.45 0.44 0.44
R7 15 0.67 3 9.57 0.88 0.88

Immobilization of Bioactive Polymeric Systems on the Textile Materials

The 7 experimental variants were immobilized on the textile materials by the
padding method on the laboratory padder (ROACHES, UK). The treated textile
materials were then subjected to the drying operation at 50°C for 3 minutes.
Methods

Optical Microscopy

The prepared emulsions were analyzed microscopically using an OLYMPUS BX51
optical microscope (Philippines) equipped with the OLYMPUS UC30 photodigital camera.
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Determination of the Emulsion Stability Index

Immediately after preparation, the emulsions were introduced into test tubes and the
evolution was followed for 10 days after their preparation. The stability of the
emulsions was evaluated by determining the stability index (ESI) using the relation:

ESI (%) =H - (Hs + Hc)) / H @

where: H — the initial height of the emulsion [cm], HS - the height of the serous layer
[cm]; HC — the height of the creamy layer [cm].

Turbidity Analysis

In order to determine the turbidity, the transmittance was determined, using a
Camspec M501 UV-VIS Spectrophotometer. Turbidity was calculated with the
relationship:

T=2303A/L, @)
where: T — turbidity [cm™']; A - absorbance; L - path length of cuvette [cm].

Viscosity Determination

The viscosity measurements of the obtained bioactive systems were performed with
the DV2T Brookfield AMETEK viscometer. Measurements were performed in
triplicate.

Electron Microscopy

Visualization of the morphology of the cotton fiber surfaces treated with the
bioactive systems was performed by scanning electron microscopy using the Quanta
200 electron microscope (FEI, The Netherlands).

Assessment of Antibacterial Activity

The antibacterial activity of the treated samples in different variants was qualitatively
assessed by Agar diffusion method according with the SR EN ISO 20645:2005 standard -
Determination of antibacterial activity-agar diffusion plate test, by using of cultures in
liquid medium replicated at 24 hours of ATCC 6538 Staphylococcus aureus and ATCC
11229 Escherichia coli test strains. The textile specimens (2 cm diameter) are placed on
the surface of the nutrient medium and then incubated at 37°C for 24 h. Inhibition zones
were calculated using the following formula:

H=(D-d)/2 (3)

where: H is the inhibition zone [mm]; D — the total diameter of specimen and inhibition
zone [mm]; d— the diameter of specimen [mm].

RESULTS AND DISCUSSION

The images obtained by optical microscopy for the 7 experimental variants are
shown in Figure 1. According to microscopic images, the dispersed molecule phase is
presented as a compact, dense small globule mass. Normally, the destabilization of the
emulsions begins with the drops flocculation of essential oil followed by the
phenomenon of coalescence and formation of two distinct phases (separation).
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R1 R2 R3 R4 "R5 R6 R7

Figure 1. Optical microscopy of the resulted bioactive systems

Emulsions Stability

The calculated values for the stability index, are shown in Table 2. The values
recorded for the stability index over a period of 10 days indicate that they were stable,
during this time not showing the presence of one of the flocculation, creaming /
sedimentation, coalescence or Ostwald ripening phenomena. Generally, the turbidity of
the bioactive polymeric systems is correlated to a great extent with their stability.
Analyzing the values obtained for the 7 experimental variants it can be observed that the
lowest values of the turbidity were obtained for the R5 variant (1.90) in which the
smallest amount of active principle is also present (essential oil and propolis). Turbidity
decreases with increasing particle size of emulsion.

Table 2. Emulsions stability

Stability R1 R2 R3 R4 R5 R6 R7

Turbidity [cm™] 2.96 3.07 3.57 341 1.90 2.27 3.45

Stability index [%] 100 100 100 100 100 100 100
Viscosity

The main viscosity indices recorded for the synthesized emulsions are shown in
Table 3.

Table 3. Viscosity indices recorded for the resulted emulsions

Code Viscosity SS SR Speed Temperature

[cP] [dyne/cm? [s1 [RPM] [°C]
R1 3541 65,87 186 200 249
R2 45,91 85,40 186 200 25,2
R3 53,08 98,74 186 200 253
R4 61,30 114,10 186 200 253
R5 64,08 119,16 186 200 254
R6 57,75 107,43 186 200 253
R7 52,25 97,18 186 200 25,3

From the comparative analysis of the viscosities values it is observed that the
highest value was obtained for the experimental variant R5 (64.08 cP) in which in
which 0,363 mL water /mL emulsion and 0,5 mL xanthan/mL emulsion volume fraction
were used. It can also be observed that the viscosity of the system is not dependent on
the volume fraction of active principle (propolis and essential oil), the highest viscosity
was obtained when using smaller volume fraction (¢ = 0.015 mL oil / mL emulsion).
The shear stress (SS) has the highest value in the case of the R5 variant, the variant
obtained when using the smallest volume fraction of water.
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Electron Microscopy of Textile Materials Functionalized with Bioactive Systems

The images obtained at a magnification of x 8000 for knitted textiles treated with
bioactive systems are shown in Figure 1. The resulting micrographs reveal that the
surface of the cotton fibers is covered with a thin polymeric layer deposited both on the
surface of the fibers and inside the space between the fibers. However, the micrographs
cannot provide information about the thickness of the deposited layer and its uniformity.

Figure 2. Electronic images recorded for the knitted fabrics treated with
xanthan-propolis-cinnamon essential oil polymeric system
Antibacterial Activity

Images of Petri plates after 24h incubation are shown in Figure 3 and assessment of
antibacterial activity is shown in Table 4.

R4

Figure 4. Images of Petri plates showing antibacterial effect after 24 h of incubation

By analyzing the obtained results, it can be concluded that the textile materials
treated with synthesized emulsions based on xanthan-propolis-cinnamon essential oil
have antibacterial effect against the S. aureus test strain, with inhibition zones between
1mm (R5) and 5mm (R2). In the case of E. coli strain, the presence of the inhibition
zone and the growth of the test strain in the whole culture medium were not observed,
being considered a satisfactory effect in terms of antibacterial activity.
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Table 4. Evaluation of the antibacterial activity

E. coli S. aureus
Code Inhibition zone E . Inhibition zone .
valuation Evaluation
[mm] [mm]
R1 0™ Satisfactory effect 0(*) Satisfactory effect
R2 0™ Satisfactory effect 5 Satisfactory effect
R3 0™ Satisfactory effect 3.5 Satisfactory effect
R4 0™ Satisfactory effect 3 Satisfactory effect
R5 0(® Satisfactory effect 1 Satisfactory effect
R6 0(* Satisfactory effect 0 Satisfactory effect
R7 0(* Satisfactory effect 0(* Satisfactory effect
M 0 Unsatisfactory effect 0 Unsatisfactory effect

(*) - no inhibition zone, no multiplication

CONCLUSIONS

Seven exprimental variants of bioactive polymer systems synthesized based on
xanthan-propolis-cinamon essential oil were assessed to explore their physico-chemical,
biological as well as functional property to understand the possible applications in
developing of biomedical textiles. From the cumulation of the obtained data it was
found that the prepared emulsions have a high degree of stability and a suitable
viscosity to ensure a uniform deposition on the textile materials, on the one hand, and
on the other hand to be able to be kept in a single phase until further application on
textile materials. Textile materials treated with bioactive polymeric systems have shown
antibacterial activity for both gram positive bacteria (S aureus) and gram negative
bacteria (E coli) test strains. The research on the potential developed emulsions based
on xanthan-propolis-cinnamon for skin inflamations therapies by applying on textile
materials is in progress, studying the potential of biocompatibility by skin irritations
potential.
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GRAPHENE OXIDE NANOCOMPOSITES
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Ag-TiO, and Ag-TiO/reduced graphene oxide nanopowders were deposited onto 100% cotton
fabrics via electrostatic spraying method. The surface of cotton fabrics was pre-treated by plasma
at atmospheric pressure using argon and nitrogen mixture. The as-prepared cotton fabrics were
characterized in terms of structural and optical properties by X-ray diffraction (XRD) and optical
reflectance measurements. The photocatalytic self-cleaning ability of Ag-TiO, and Ag-
TiO/reduced graphene oxide coated cotton fabrics was evaluated by the photo-discoloration of
methylene blue and berries juice stains, under 6 h simulated visible light irradiation. The combined
functionalized coating on cotton fabrics demonstrated an improved photocatalytic effect compared
with untreated cotton fabrics. The antimicrobial activity of Ag-TiO, and Ag-TiOy/reduced
graphene oxide coated cotton fabrics was tested against the Staphylococcus aureus and Candida
albicans test strains as model microorganism of skin bacteria and fungi, respectively. An
antimicrobial effect against the Staphylococcus aureus is observed even if the inhibition zone is
not present. Untreated fabrics showed no antibacterial activity. No inhibitory effect on fungi
colony growth was observed.

Keywords: Ag-TiO,, Ag-TiOJ/reduced graphene oxide, self-cleaning properties, antimicrobial
activity

INTRODUCTION

Cotton is an important natural renewable cellulose fiber, widely used in textile
industry due to its good hygroscopicity and breath ability. Cotton fabric coatings with
nanoparticles exhibit antimicrobial properties, ultraviolet (UV) protection,
superhydrophobicity, self-cleaning and flame retardancy (Zhang et al., 2019; Li et al.,
2017). As one of the most important nanomaterial, TiO, nanoparticles demonstrated
efficient photocatalytic activity, chemical stability, biocompatibility, being used in a
wide range of applications such as photocatalysis, nanomedicine, textiles, electronic
devices, water sanitization (Ahmad Barudin et al., 2013).

The main goal of the presented research work was to examine the self-cleaning
properties and antimicrobial activity of cotton fabric samples pre-treated with plasma
and coated with Ag-TiO, and Ag-TiOz/reduced graphene oxide hanopowders.

EXPERIMENTAL PART

Materials

Bleached 100% cotton woven fabric with the weight of 168 g/m? has been used for
all experiments. One percent of Ag-TiO, nanoparticles was prepared by liquid
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impregnation method using TiO, P25 powder from Degussa, silver nitrate from Alfa-
Aesar as source of silver and distilled water, followed by a simple thermal treatment
under argon atmosphere at 450°C. Ag-TiO2/reduced graphene oxide (Ag-TiO/RGO)
nanopowder was obtained by mixing Ag-TiO2 nanoparticles with graphene oxide (GO)
(10:1 mass ratio) followed by thermal reduction of GO under argon atmosphere at
300°C. GO was prepared according to the previously described procedure (Pogacean et
al., 2015). Methylene blue (MB) was purchased form Aldrich Sigma. Natural berries
juice has been freshly prepared by freeze-thaw method of berries and then filtered.

Functionalization Treatments

A homemade model of Portable plasma generator from INCDTIM was used for pre-
treatment of cotton fabric samples (25 cm x 60 cm), under specified experimental
conditions (process gas: Ar:Nx/air, gas flow rate: 6 I/min, input power: 200 W, plasma
treatment time: 9 min) for an increased adhesion of nanopowders onto cotton fabrics.
The deposition of 0.1% dispersions based on Ag-TiO; and Ag-TiO2/RGO nanopowders
on the textile materials was performed by electrostatic spraying method using a
Microbecide®TC-320 Electrostatic Sprayer equipment (Singapore). The cotton coating
experiments were conducted at ambient conditions on average spraying distance from
samples of 80 cm, with an flow rate adjustable of 20 — 240 ml/min, average droplet size
of 40 microns; negative electrostatic charge polarity, 1.0 bar (15 psi) liquid line
pressure, 2.1 bar (30 psi) air line pressure and 0.6 — 1.2 kV electrostatic charging
voltage.

Methods

X-ray Diffraction

The structural characterization of cotton fabric pre-treated with plasma and coated
with nanopowders was performed using a BRUKER D8 Advance X-ray diffractometer
using CuK, radiation (A =1.54056 A) in order to identify the phase of a crystalline
material.

Optical Reflectance Measurements

The optical properties of cotton fabric samples were investigated by UV-Vis
spectroscopy using an UV-VIS Jasco Spectrophotometer (Japan).

Assessment of Self-Cleaning Activity

The self-cleaning properties of cotton samples pre-treated with plasma and coated with
nanopowders were evaluated by photo-discoloration of methylene blue and berries juice
stains on their surface. The cotton fabrics were cut into 3 x 3 cm pieces. Some of them
were dipped in 20 ppm MB solution and others were stained with 10 pl of berries juice,
then all cotton samples were freely dried for 24 h in the dark. Subsequently, the stained
cotton samples were exposed to visible light irradiation for 6 h by using the Xenotest
equipment (Apolo James Heal). Evaluation of the self-cleaning ability of cotton samples
pre-treated with plasma and coated with nanopowders was performed by measuring the
color difference of the irradiated samples compared to non-irradiated samples (reference).
Color measurements were performed according to 1SO 105 J03:2001, using the
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Datacolor™ 650 Spectrophotometer (Datacolor, Switzerland) and the light source was the
standard illuminant D65/10. The obtained values of the lightness difference (DL*) are the
average of 5 individual measurements carried out in different points on the same sample.
DL* indicates a lighter color if positive and darker if negative.

Antimicrobial Activity

The antimicrobial activity of cotton samples pre-treated with plasma and coated with
nanopowders was qualitatively assessed by Agar diffusion method according with the
SR EN ISO 20645:2004 standard, by using of cultures in liquid medium replicated at 24
hours of ATCC 25923 Staphylococcus aureus (Gram-positive) and ATCC 10231
Candida albicans test strains. The cotton samples were cut in circular shape with a
diameter of 2 cm and subsequently disposed on the culture medium in the middle of
Petri plates, and then were incubated at 37°C (S. aureus) and 30°C (C. albicans) for
48h. After incubation, the diameter of the clear zone (mm) that indicates the microbial
growth inhibition was measured and antimicrobial activity was evaluated.

RESULTS AND DISCUSIONS

The compared XRD patterns of pristine cotton and selected cotton sample pre-
treated with plasma and coated with Ag-TiO2/RGO were presented in Figure 1. The
diffraction peaks at 20 values of 20 = 14.8°, 16.5°, 22.8° and 34,5° are assigned to the
(101), (101), (002) and (040) planes of cellulose fiber (Abdelhameed et al., 2017;
Ahmad et al., 2019). The reflection peak at 26 = 25.19 is indexed to the (101) plane of
the TiO, anatase phase (PDF Sheet no. 21-1276). No reflection peaks related to the
crystalline silver are shown, posible to its reduced amount. A slightly changed profile of
broad XRD peak centered at 20 =~ 15.5° was observed by contribution of (002) reduced
graphene oxide that has a characteristic peak at 260 = 25° (Dey et al., 2016).

The reflectance of cotton samples (Figure 2) is almost overlapped in the entire UV-
Vis region, implying no superior UV-rays blocking properties and absorption to the
visible light of the nanopowder-coated cotton samples (Chaudhari et al., 2012; Ojstrsek
and Fakin, 2019), probably due to the penetration of these nanoparticles into the cotton
fabric material. All cotton samples show high reflectance values (>75%) across the full
visible spectrum, in accordance with their white-light grey color.
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Figure 1. Comparative XRD pattern of Figure 2. Comparative UV-VIS spectra of
cotton samples cotton samples
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Self-Cleaning Activity

The self—cleaning abilities of cotton samples pre-treated with plasma and coated
with Ag-TiO; and Ag-TiO2/RGO nanopowders were evaluated by monitoring the color
changes due to the photocatalytic degradation of MB and berries juice stains. Color
lightness difference (DL*) was determined considering the non-irradiated cotton
samples as reference and their values are pesented in Table 1.

Table 1. DL* values and digital photo of stained cotton fabric samples, before and after
6 h of simulated visible light irradiation

Sample DL* Sample DL* Sample DL* Sample DL*
Cotton/ Cotton/ Cotton/ Cotton/
Ag-'l;i(_)z Ag-TiO/RGO Ag-TiO; Ag-TiO2/RGO
. 380 229 | 7.10 i 3.6
Methylene blue Berries juice

Note: DL* = difference in lightness/darkness value (+ = lighter - = darker)

The obtained data revealed that the cotton samples pre-treated with plasma and
coated with Ag-TiO; and Ag-TiO/RGO nanopowders showed great photodegradation
efficiency of MB and berries juice stains. The best self-cleaning activity was obtained
for cotton sample coated with Ag-TiO, nanopowder and stained with berries juice.
However, the photocatalytic activity depends on the various parameters, such as nature
and amount of the nanopowder as photocatalysts, light source, time exposure, type and
concentration of contaminants etc.

Antimicrobial Activity

The antimicrobial and antifungal properties of textiles treated with TiO2-Ag
nanoparticles (Li et al., 2017; Saraswati et al., 2019) and also RGO/TiO; nanoparticles
(Karimi et al., 2014; Stan et al., 2019) are already reported.

The evaluation of the antimicrobial activity consisted in highlighting the presence or
absence of the inhibition zone around the samples and the colonies formed or not on the
contact surface with the environment, the results obtained being presented in Table 2.

Table 2. Antimicrobial activity of cotton fabric samples

S. aureus C. albicans
Sample Inhibition zone - Inhibition zone .
Evaluation Evaluation
[mm] [mm]
Untreated cotton Satisfactory Unsatisfactory
0 0

effect effect
o Satisfactory Unsatisfactory

Cotton/Ag-TiO2 0 effect 1 effect
i Satisfactory Unsatisfactory

Cotton/Ag-TiO2/RGO 0 effect 0 effect

https://doi.org/10.24264/icams-2020.1.6

64



ICAMS 2020 — 8" International Conference on Advanced Materials and Systems

Table 3. Criteria for inhibition zones according to the standard SR EN 1SO 20645:2005

Inhibition zone[mm] Growth Evaluation
>1 .
1-0 Absence Satisfactory effect
0
0 little Efficiency limit
0 _moderate Unsatisfactory effect
0 important

An antimicrobial effect against the Staphylococcus aureus is observed even if the
inhibition zone is not present. Untreated fabrics showed no antibacterial activity. No
inhibitory effect on fungi colony growth was observed.

Various factors, such as phase composition, mass loading and dispersion uniformity
of nanopowders on cotton fabric, the surface modification of cotton have to be
considered in order to provide antimicrobial efficacy.

CONCLUSIONS

Ag-TiO; and Ag-TiO2/RGO nanopowders were successfully prepared by
impregnation method. The cotton fabric samples were pre-treated with plasma and
coated with Ag-TiO; and Ag-TiO2/RGO nanopowders. XRD patterns confirmed the
presence of nanopowders on the cotton fabric samples. UV-Vis spectral data showed a
high reflectance values (>75%) across the full visible spectrum, proving their white-
light grey appearance. The self—cleaning ability to degrade methylene blue and berries
juice stains is demonstrated. An antibacterial effect against Staphylococcus aureus is
observed, but no inhibitory effect on fungi colony growth of Candida albicans was
present. Further strategies include the variation of different experimental parameters to
increase the antimicrobial activity of cotton fabrics coated with Ag-TiO, and Ag-
TiO2/RGO nanopowders.
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The viscoelastic cushion insoles respond to the unique curves and pressures of our foot with every
movement whether walking, running, playing, or exercising. Initially NASA, USA had developed
viscoelastic foam insole to support astronauts during the heavy G force applied to the body during
space flight. Nowadays ¥4 inch thick layer of viscoelastic foam sandwiched between two layers of
different types of foam are available commercially at a high cost. In our country, viscoelastic PU
foams as cushion inserts for shoes are imported from China. But the available materials are not
scientifically characterized and optimized for the composition of PU for application as an insole
for treating foot abnormalities. In this project PU, the viscoelastic foam was prepared using
standard polyols and dissociates used by industries to prepare memory foam mattresses. The
additives which are physiologically and environmentally safe were used.

Keywords: plantar pressure, PU viscoelastic foam, EVA foam, peak values, footwear stability,
cushion factor, cushion energy

INTRODUCTION

Footwear is one of the common commodities being used by all kinds of persons
from child to aged and from poor to rich. Foot comfort on wearing footwear is the basic
expectation from consumer's point of view other than protection and style (Socaciu et
al., 2010). Improper footwear may lead to heel or knee or hip or back pain. Insole, one
of the most important components in footwear, helps to protect the complex bony
structures of the lower extremity from damage and for uniform distribution of pressure
and increased contact area under the foot while standing, walking and running and thus
prevent pressure spots stated that structure orthotics are custom-made shoe inserts
which serve to correct or relieve misalignment and/ or pressure areas of the foot and
redistributes pressure and provides shock absorption. Therefore, there is a need for new
material that can be used alone as inserts in shoes in 3 to 5 mm.

Materials Used as Cushion Insole

Polymer elastomers and foams are widely used to meet the material properties of an
insole and in the sock. Among various polymers, ethylene-vinyl acetate (EVA),
polyurethane (PU), and rubber-based materials are widely used in footwear. Shock
absorption and dimensional stability are more important materials properties of the
insole. PU foams and elastomers are proved as the most effective materials for shock
absorption in footwear. Foam provides some shock attenuation and gives good pressure
distribution, feels soft to the touch. An undesirable property of foams is “compression
set” in which repeated loading causes the walls of the cells to collapse, leading to a loss
of material thickness, elasticity, and energy absorption capacity. In contrast to PU foam,
polyurethane elastomer is a soft, non-porous rubbery material. The elastomer provides
good shock attenuation and pressure distribution; reasonably resistant to compression
set but does not feel soft. The disadvantage of PU elastomer is the absence of pores
which contribute much to the resilience of material during deformation. Therefore,
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porous viscoelastic material will fill the gap between PU elastomer and foam. In the
present research work, new polyurethanes were synthesized and developed into
viscoelastic foam sheets with good mechanical strength to resist.

Advantages and Disadvantages of Currently Available Materials

The foams are cellular materials, which may be either open or closed cell. Open-cell
materials resemble a sponge, where the bubble walls are incomplete, allowing free
exchange of air in and out of the material. In closed-cell materials, air or some other gas
(usually nitrogen) is trapped within minute bubbles, which become pressurized when
the material is stressed, the gas pressure aiding in the elastic recovery. In contrast to the
various forms, polyurethane elastomer is a soft, non-porous rubbery material. An
undesirable property of many foams is “compression set”, in which repeated loading
causes the walls of the cells to collapse, leading to a loss of material thickness,
elasticity, and energy absorption capacity. Foam materials differ in their resistance to
compression set, due to their chemical makeup and their initial stiffness. Polyurethane
foams were found to be more resistant to compression set than polyethylene foams of
similar density the compression set.

Comparison of PU Foam and EVA Foam Materials

The main purpose of cushion insole in shoes is to reduce the peak plantar pressure
and increase the total foot contact area while standing and walking. The effectiveness of
cushion insole can be determined by using high-resolution sensors in the form of the
mat which can scan the plantar surface and the treks can the software can measure.

|

Figure 1. Foot scanner and PU Foam insole
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Figure 2. Foot pressure comparison along with PU Foam EVA insole

DISCUSSION

Footwear insole hardness (Shore A), density, compression set, cushion energy,
cushion factor water absorption were determined by the SATRA test method. A
further modification was done in the composition by changing the concentration of
isocyanate and polyol and other additives such as surfactant, tin catalyst, and
crosslinkers (Wood, 1982; Hock, 1998; Kaushiva, 1999). In the first trial PU, the
viscoelastic foam was low resilient and very softness and water absorption was
higher. Next, we modified the above chemical composition in trial second sample
number 7 and 8 PU Visco elastic memory foam was higher resilience than the first
trial, tensile strength was determined by SDDC lab CLRI by SATRA standard test
method. Now the hardness was very higher than the first trial samples so we
changing the density of the foam composition, the filler is added to increase the
density for our requirements (Pratt et al., 1986). Second trial ratio 100: 80 and 100:
85 level was optimum for our requirements; the above two ratio foam was developed
and now the foam was high hardness and optimum resilient that first trial samples.
10 mm PU Visco elastic memory foam was developed and determined by SATRA
Standard test methods in SDDC Lab CLRI CHENNAI INDIA. Hardness (Shore A)
compression set, density, cushion energy and cushion factor, water absorption and
desorption test, tensile strength test were evaluated. These values were compared
with CLRI ideal value sample ratio 100: 85 PU viscoelastic memory foam was
identified and better for shoe insole. FTIR, NMR spectroscopy, and foot scan test
methods were determined by standard test methods. The newly developed
viscoelastic memory foam was determined to pressure studies and measurements
were evaluated by GIAT Lab CLRI Chennai India. The pressure was compared with
current available EVA shoe insoles, these foot scan pressure values were noted and
foot pressure distribution compared with another ordinary insole. From the above
results, PU viscoelastic memory foam was better than other EVA, PU, vegetable
leather insole, and cork insoles (Pratt et al., 1986; Pratt, 1988). The newly developed
PU viscoelastic will be mainly used for cushion insert for therapeutic footwear and it
will control the foot pain, heel shock absorption and distribute the foot pressure, give
the additional cushion support to the foot arches (Mihai et al., 2008; Socaciu et al.,
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2010). PU viscoelastic insole gives the foot shape during walking, and running, this
insole environmentally and eco-friendly shape. The project is useful for the footwear
industry.

CONCLUSION

Through viscoelastic PU foams available as cushion mattress and pillow, the
newly developed insole based on PU memory foam were scientifically and
characterized and optimized properties for application in insole /sandals in 5mm to
10mm thickness. This insole may be used in footwear for flat foot, high arched foot,
dropped metatarsals, planter facilities. Callus and corn due to peak plantar pressure
in the diabetic foot can be treated by pressure-relieving and sock reducing effects of
viscoelastic foam Physical characterization such as infrared spectroscopy, scanning
electron microscopy, thermal analysis, and Fscan plantar pressure measurement
were determined. This insole is better for therapeutic footwear for as cushion insole
than EVA and some other leather, rubber insole.
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This paper deals with the theoretical and experimental mechanical characteristics of composite
plates obtained from recyclable polymer and protein matrix and fibrous reinforcement. The
definition of the theoretical model of the monolayer composite material with its structural
elements and the physical-mechanical evaluation of its characteristics leads to the optimal and
efficient design and use of all products made of such materials. By the theoretical and
experimental determination of the mechanical characteristics that define the properties of the
composite material, it can be decided on its use in specific industrial technical applications.

Keywords: composite, recyclable waste, matrix, fibrous material.

INTRODUCTORY CONSIDERATIONS

In the context of ensuring the sustainable development of today's society, as a
fundamental desideratum of humanity, the concept of integrated waste management of
any kind has been developed. Thus, on the background of solving the national strategic
problems of waste management and prioritizing actions to minimize waste production,
recycling, composting, energy recovery and ecological storage, there was a need to use
urban and / or industrial waste in order to making new materials, such as, for example,
single-layer composite materials of the plate type obtained from recyclable polymer
waste (PET, PVC, etc.) reinforced with fibrous waste of a protein nature (natural
leather, textile fibers, etc.) (Bold, 2003; Capitana, 2003; Nemes, 2013).

The theoretical model of the monolayer composite material, made by different
manufacturing processes (injection, extrusion, etc.) consists of a single composite layer with
the possibility of being able to demonstrate its efficiency by evaluating the mechanical
characteristics of its structural components (Hadar, 2002; Durbaca et al., 2019).

The basic unit for composite materials with fiber reinforcements is the reinforced
lamella, (see Figure 1), it confers multiple possibilities of composition and correct
introduction of the characteristics in the calculation of the composite.

«

x

Figure 1. Theoretical model of the single-layer composite plate-type lamella (Hadar,
2002)
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Within the lamella, the fibers that make up the reinforcement are arranged and
oriented so as to lead to the achievement of the desired characteristics in the composite
structural element.

The reinforced lamella is the elementary part of the composite material which
consists of a sample of polymeric matrix reinforced with fibrous material in which the
fibers are arranged according to the arrangement of these components in the structure of
the composite assembly (random in space or plane), according to Figure 2. In this case,
such structures are considered quasi-isotropic in space when the length of the fiber L is
much smaller than the thickness of the composite, t. (see Figure 2, a), and in the case of
most composite structural elements, the length of the fibers it is much larger than the
thickness, achieving quasi-isotropy in the plane (see Figure 2, b).

A 4
ﬁr \.ﬁﬁi“—p— ;_(,_j’
- -7‘*-—4-«.."3( N *
L=<t +
a. b.

Figure 2. The arrangement of the reinforced fibers in the polymeric matrix of the
composite lamella: a - random orientation in space; b - random orientation in the plan

In structural applications where the state of tension is unpredictable, the use of
composites with unidirectional reinforcement is insufficient and it is advantageous to
use quasi-isotropic layers in the plane, obtained by using short fibers with random
orientation.

MECHANICAL CHARACTERISTICS OF SINGLE-SHEET PLATE
COMPOSITES

The physical-mechanical characteristics of composite materials reinforced with
randomly oriented fibers are determined by parameters such as: fiber diameter df, fiber
length L, volumetric reinforcement fraction wf, fiber placement in relation to product
axes and manufacturing process.

In order to establish the physical-mechanical characteristics of the composite lamella
with polymeric matrix and reinforcement made of fibrous materials, a system of lamella
axes is initially chosen. Therefore, in Figs. 1, above, schematically shows a lamella with
unidirectional reinforcement: the direction parallel to the fibers L (1) is called
longitudinal, and the one perpendicular to the fibers T (2) is called transverse direction
and can correspond to any direction in the plane (2 ,3). Axes 1, 2, 3 are called the main
axes of the material.

The main mechanical properties involved in the structural analysis of composite
elements are strength and rigidity. These properties can be determined experimentally, but
the tests are valid for a single fiber-matrix system, obtained with a certain manufacturing
process (Hadar, 2002; Alamoreanu and Chirita, 1997; Durbaca et al., 2017; Paunescu,
2002; Tudorachi, 2007). Therefore, it is recommended to use theoretical and semi-
empirical models that allow the evaluation of mechanical characteristics based on
parameters that influence the properties of the composite structure. Theoretical models are
not always applicable, some direct corrections are necessary for the direct design of the
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elements, especially in the transverse direction, however for the study of mechanical
characteristics in the longitudinal direction it is considered that the existing models for
composites with continuous unidirectional reinforcement are sufficiently accurate (latan et
al., 2017; Bere et al., 2012; Boboc, 2019).

Depending on the axis system adopted, for composite materials reinforced with
fibers, the following mechanical characteristics necessary in the design are defined: E_
= E; - longitudinal modulus of elasticity of the lamella (in direction parallel to the
fibers); Er = E, - transverse modulus of elasticity of the lamella (in a direction
perpendicular to the fibers); GLr = G12 - modulus of shear elasticity of the lamella in the
plane (L, T) or (1,2); vt = w12 and vy = w1 - Poisson's ratios in the plane (L, T) or
(1,2); Ry - tensile strength of the blade in the longitudinal direction; Ryr - tensile strength
of the blade in the transverse direction; Rc. - compressive strength of the lamella in the
longitudinal direction; Rer - compressive strength of the transverse direction blade; Rt
wn = Rr @2) - the shear strength of the lamella in the plane (L, T) or (1,2).

For theoretical analysis, it is considered a composite material with volume v, in
which the fibers occupy the volume vi, and the matrix the volume vn,. The same material
has the weight we, the fibers have the weight ws, and the matrix weight wn,. Noting with
V and W the volumetric and gravimetric fractions, respectively, their definition is made
with the help of the relations:

Ve = Vi + Vp; Vi=vi/ v, Vin = Vm/ V¢ 1)
Expressing the masses with the help of the corresponding densities:

Pc Ve = piVi + pmVm (2

where: pc, pr and pm are the densities of composite, fiber and matrix.

The presence of gaps in the composite element significantly influences some of its
mechanical properties. By increasing the gap content, the effects of properties
degradation over time are generated and the results on the mechanical characteristics are
scattered. A good quality composite must have less than 1% gaps, while an unsuitable
one can reach a relative volume of gaps Vy = 5% (Hadar, 2002).

An acceptable estimate for the longitudinal modulus of elasticity E of the quasi-
isotropic composite in the plane, at axial stress, is obtained based on the relationships
established by Gibson (Hadar, 2002) through a series of simple relations, developed
based on Cox's models (Hadar, 2002) and allowing evaluation of the elasticity modules,
distinct for the two cases:

* spatial quasi-isotropic composite:

£ E.V, 3
6
* quasi-isotropic composite in plan:
E- E¢Vs @)

3

The relations determined by Cox (Hadar, 2002) for the evaluation of the transversal
modulus of elasticity G, in the case of the composite reinforced with short fibers
arranged at random are:

* spatial quasi-isotropic composite:
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G E fo
15 (5)
* quasi-isotropic composite in plan:
GtV (6)
8

For flat products made of composites reinforced with random short fibers, the
following were used (Hadar, 2002):
E

- 7
© 20L+v) “

where, the Poisson coefficient has the following values v = 1/4, for spatial quasi-
isotropic composite and v = 1/3, for plane quasi-isotropic composite.

For the calculation of the tensile strength (axial) stresses of short fiber composites
randomly distributed in the plane, the following relations are used (Hadar, 2002):

2R R Om P
R =— i, Ra +1n l )' (8)

t 4 (O-m )g} R?(LT)

where, Rf 1), Rer are the resistances of the unidirectional composite with continuous
reinforcement calculated with the expressions (Hadar, 2002).

For the calculation of the values of the mechanical characteristics of the composite
reinforced with short fibers randomly distributed, other than those presented above,
there are currently no acceptable mathematical models to allow their evaluation at
values comparable to those determined experimentally.

CASE STUDY

The mechanical characteristics of a PVB / leather composite sample are analyzed, in
which the matrix is represented by the PVB polymer (polyvinyl butyral), made by
polycondensation of vinyl acetate with aldehydes, and the reinforcement / reinforcement
material is represented by short semi-coarse crushed leather fibers; the polymer is in the
form of a white-cream powder, with a density of approximately 1,2 g/cms3, and the
processing temperature is between 120 + 170 °C.

Due to the presence of chromium in the skin fibers, which requires use at relatively
low processing temperatures, this makes PVB a very interesting polymer matrix for the
development of the case study for PVVB / leather composite. Figure 3 below shows the
microfractrography of some breaking surfaces of a PVB / leather composite sample, if
the skin fibers are unevenly distributed in the PVB polymer matrix.

These composites were obtained by the same process used for the preparation of
PVB / wood flour composite. Although there are some gaps in the polymer matrix,
probably due to the defibration of the leather waste and the agglomeration of the skin
fibers, a good adhesion can be given by the continuity of the agglomeration of the skin
fibers in the polymer matrix PVB (de Almeida Lucas et al., 2011). As mentioned above,
good adherence is usually difficult to achieve between the thermoplastic matrix and the
natural fibers, due to the differences in polarity between the hydrophilic fibers
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(composed of collagen macromolecules) and the hydrophobic thermoplastic matrix.
The PVB copolymer contains vinyl hydroxyl alcohol groups that can interact with the -
OH group and -C(=0)-OH groups of collagen macromolecules in the skin fibers. The
interaction between these groups can create an interface that manages to transfer the
stress from the PVB polymer matrix on the cryogenic fracture of the skin fibers (de
Almeida Lucas et al., 2011; Wehry 2002).

- -

s 1 —,

Figure 3. Microfractrography of some breaking surfaces
of a PVB / leather composite sample (de Almeida Lucas et al., 2011)

Figure 4 below shows the results of tensile tests for PVB composite with leather
fibers obtained from waste recycling. The modulus of elasticity increases considerably,
with the increasing content of leather fibers in the composite. The modulus of elasticity
increases from 4 MPa for PVB to 270 MPa for composite with 70% skin fiber. Such a
rapid and nonlinear growth of the modulus of elasticity with the fiber content is not
frequently observed in thermoplastic composites reinforced with natural fibers. As
previously presented, PVB contains plasticizer which gives it improved flexibility in
composites.

'Carmcterdstica mecanicd

A [3]
£ [MPa]

50 - e
1040 i o & [MPal
o -1

T —
—

s 507 7O >

|
I
o

10 20 ER 407

Continutul in fibre de piels wt %%

Figure 4. Variation of the mechanical properties (E, or and A) of the composite
depending on the content of skin fibers.

In the literature there are a number of studies on thermoplastic composites
containing skin fibers (de Almeida Lucas et al., 2011). Polymer matrices may include
plasticized PVC, acrylonitrile-butadiene-styrene (ABS) and methyl polymethacrylate
(PMMA), if the modulus of elasticity indicates different behavior. While ABS / leather
and PMMA / leather composites show decreases in modulus E values or a slight
increase depending on the ascending content of leather fibers, PVVC / leather composites
show a similar behavior to PVB / leather composites, namely, the modulus elasticity is
strongly influenced by the fiber content, especially in composites that exceed the skin
fiber content w; = 30%.

It is pointed out that the polymer/leather fiber composite material, if the modulus of
elasticity increases considerably with increasing amount of skin fibers, had a plasticized
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thermoplastic matrix, respectively by the existence of PVC and PVB polymeric
materials used in this paper. The reduction in the tensile strength of PVB / leather
composites can be attributed to a reduction in the deformation capacity of the polymer
matrix, due to the concentration of leather fibers.

CONCLUSIONS

Despite the fact that the mechanical properties of the experimentally determined
monolayer composite plate do not agree acceptably with those analyzed analytically, it
nevertheless showed appropriate levels of use.

Therefore, the use of PVB / leather composite for industrial production, such as shoe
soles and other parts of its structure (insole roof, heel, toe, etc.) it is supported by a
number of mechanical properties (abrasion resistance, hardness, tear strength, adhesion
to commercial adhesives, flexibility or folding capacity, resistance to repeated bending,
etc.), as well as design, and have now been successfully tested in footwear companies.

By means of a simple and inexpensive processing technique (for example, an
extrusion flow equipped with a single auger), PVB / leather composites have been
manufactured with properties suitable for use in the footwear industry, to be returned as
a raw material to the industrial chain and to facilitate the approval of recycled products
by technical regulatory requirements.

REFERENCES

Alamoreanu, E. and Chiritd, R. (1997), Bars and plates from composite materials, Technical Publishing
House, Bucharest.

Bere, P., Berce, P. and Nemes O. (2012), “Phenomenological fracture model for biaxial fibre reinforced composites”,

Composites Part B: Engineering, 43(5), 2236-2243, https://doi.org/10.1016/j.compositesh.2012.01.073.

Boboc (Capatana), A. (2019), “Contributions to the study of the properties of composite materials reinforced
with fabrics and the effect of cyclical stresses on these properties”, Doctoral thesis, “Dunarea de Jos”
University of Galati.

Bold, O.V. (2003), Solid Waste Management, Bucharest: Matrix Rom Publishing House.

Capatana, C. (2003), Waste, Bucharest: Matrix Rom Publishing House.

de Almeida Lucas, A., Ambrésio, J.D., Bonse, B.C. and Prado Bettini, S.H. (2011), “Natural Fiber Polymer
Composites Technology Applied to the Recovery and Protection of Tropical Forests Allied to the
Recycling of Industrial and Urban Residues”, Advances in Composite Materials — Analysis of Natural and
Man-Made Materials, Ed. Dr. Pavla Tesinova, ISBN: 978-953-307-449-8, InTech,
https://doi.org/10.5772/19141.

Durbaci, A.C., Iatan, R., Durbaca, L., Dinita, A. and Vasilescu, M. (2017), “Experimental Research on the
Triangular Lattice Type Polymer Based Composites Structures for Sandwich Panels Construction”,
Materiale Plastice, 54(4), 639-644, WOS: 00042641250000(9, IF=1,517, ISSN 0025-5289,
https://doi.org/10.37358/MP.17.4.4916.

Durbaca, I., Iatan, R., Durbacd, A.C., Sacuiu, V., Mituca Corleciuc, M. and Rusdnescu, C.O. (2019),
“Approaches Looking Finite Elements Analysis of a Structural Model of Lid Stratified with Cellular
Polymeric Core Specific to a Pressure Vessel”, Materiale Plastice, 56(1), 156-162, WOS:
000464604100031, IF=1,517, ISSN 0025-5289, https://doi.org/10.37358/MP.19.1.5142.

Hadar, A. (2002), Structures from layered composites, Academy Publishing House and AGIR Publishing
House, Bucharest.

Iatan, R., Enachescu, G.L. and Florescu, P. (2017), Mechanical and thermal stresses in laminated composite
boards, MatrixRom Publishing House, vol. 1 and 2, Bucharest.

Nemes, O. (2013), “Analytical Model Application for Adhesive Cylindrical Assemblies made by Hybrid

Materials”, Materiale Plastice, 50(4), 314-318.

Paunescu, 1. (2002), Urban waste management, Bucharest: Matrix Rom Publishing House.

Tudorachi, N. (2007), Thermoplastic polymer composite materials, PIM Publishing House, asi.

Wehry, A. (2002), Ecological recycling and storage of waste, Timisoara: Orizonturi Universitare Publishing
House.

https://doi.org/10.24264/icams-2020.1.8

76



ICAMS 2020 — 8" International Conference on Advanced Materials and Systems

AN OVERVIEW ON FAR-INFRARED FUNCTIONAL TEXTILE MATERIALS

OVIDIU IORDACHE, ELENA CORNELIA MITRAN, IRINA SANDULACHE,
MARIA MEMECICA, LUCIA OANA SECAREANU, CRISTINA LITE, ELENA PERDUM

National R&D Institute for Textile and Leather, Lucretiu Patrascanu 16,
Bucharest, Romania, office@incdtp.ro

The present study was aimed at highlighting the applicability of novel generations of functional
textile materials based on incorporation of safe, pyroelectric nanoparticles into fibers. The
synthetic fibers with negative ions emitting properties contain semiprecious stone particles
(tourmaline, monazite, opal), ceramic, charcoal, zirconium powders, aluminum titanate and
mixtures of such minerals. Currently, the synthetic fibers generating pyroelectric effects are
obtained by introducing minerals (e.g. superfine tourmaline powder) into melted polymers before
spinning or by dispersing the minerals into the spinning solution. As polymers, polyethylene
terephthalate, polyvinyl acetate, polyamide and viscose have been used. In low quantities, these
minerals have almost no effect on human health. Included in large quantities, they tend to be too
expensive (tourmaline, opal) and the fibers become harsh and fragile. The current generation of
FIR functional textile materials faces a series of technical challenges: some of the of the used
compounds are radioactive (monazite); if the particles size is too large (0.2-0.3um), it may result
in the production of highly non-uniform fibers and early wear of the mechanical parts producing
installation; most of commercial pyroelectric fabrics emit a low amount of negative ions (500-
2600 anions/cc) and FI rays, inducing a low health effect. Clinical studies involving exposure to
pyroelectric compounds have highlighted positive effects on: blood circulation, skin cell re-
vitalizing, collagen and elastin production, sleep modulation, wounds healing and acceleration of
micro-circulation, chronic pain management, improvement of vascular endothelial functions,
atherosclerosis and arthritis affections etc.

Keywords: far-infrared, textiles, functional

INTRODUCTION

Discovered in 314 BC by Theophrastus, pyroelectricity has been used from ancient
times, to heal a variety of diseases, such as anxiety, sleep disorders, cellulite,
rheumatism, cardiac problems, brain dysfunction, bacterial infections, reduction of
inflammation & oxidative stress, improvement of endothelial function, increase of
blood circulation and lymphatic flow, and even cancer (Lang, 2011). Such functional
textiles, consist of synthetic fibers, emitting Far-Infrared-Rays (FIR), based on negative
ions emitting particles, from se semiprecious stones (tourmaline, monazite, opal),
ceramic powders, charcoal, zirconium, aluminum titanate and mixtures of such
minerals. Currently, the synthetic fibers generating pyroelectric effects are obtained by
introducing minerals (e.g. superfine tourmaline powder) into melted polymers before
spinning or by dispersing the minerals into the spinning solution (Taekyung et al.,
2020). As polymers, poly(ethyleneterephthalate), polyvinyl acetate, polyamide, viscose
is widely used. Due to the growing health awareness and fitness activities, the global
sports apparel market is estimated to generate about $184.6 billion by 2020-2021,
registering a CAGR of 4.3% during the forecast period 2015-2020 (Allied Market
Research). The work-related stress and lifestyle disorders generate a growing demand of
fashionable sports apparel to maintain or improve the health state. When heat of about
37°C (normal body temperature) is applied to the far-infrared radiation, light energy in
the range of 6 to 14um causes resonance within constitutional molecules of the human
body, by radiation, leading to molecular movement within the substrate, which is further
converted into thermal energy, enhancing metabolism functions (Dyer, 2011).
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PYROELECTRICITY

Pyroelectricity is the ability of certain materials to generate an electrical potential
when they are heated or cooled. As described by Lang, pyroelectricity is the manifestation
of the temperature dependence on the spontaneous polarization of certain solids which
may be either single crystals, or poly-crystalline aggregates (Lang, 1974). Pyroelectricity
provides one of the best performing principles for the detection of temperature changes.
Pyroelectric crystals, ceramics of ferroelectric materials, as well as polymers, have
therefore been used since the 1960s in thermal infrared (IR) detectors, joining the earlier
thermal IR detection techniques of bolometers and thermopiles (Muralt, 2005). FIR
induces strong vibrational and rotational and effects at molecular level with the potential
to be biologically beneficial, based on the ability of penetrating skin barrier and the
underlying tissues (Figure 1), and generating heat by vibration of various structural
components (fat molecules, subcutaneous proteins, water molecules).
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Figure 1. Representation of FIR penetration through skin (Source:
www.innovationintextiles.com)

Far-infrared rays (Figure 2) increase the temperature of absorbed materials by
inducing thermal energy through radiation (emission), penetration, and resonance
absorption caused by the vibration of molecules among electromagnetic waves, leading
to vibration of both electric and magnetic fields at the same time.
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Figure 2. The electromagnetic spectrum (Source: www.muellersportsmed.com)
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FAR-INRARED FUNCTIONAL MATERIALS

Pyroelectric materials are functional materials that can generate an electrical
response upon a temperature change. Modern solutions often include a combination of
polypropylene and special lead-free bio-ceramics, to create special FI functional
garments, which are materialized into already commercially available products, such as
socks, cushion, undergarments, knee pads, trousers, bedspread, bedding and shoulder
pads etc.

Functionalization materials of FIR functional products consist of a wide range of
inorganic bioceramic compounds, such as: bamboo charcoal, pearl powder, tourmaline,
carbide-based materials (ZrC, SiC), oxide-based materials (magnesium, zirconium,
alumina, various iron oxides, germanium), photocatalytic compounds (TiO2) (Best et
al., 2008), which confer controlled infrared radiation (Figure 3).

Far Infrared Rays

Himan Bod

Absorption

Figure 3. FIR garments functioning principle (Source: www.evidentlyhealthy.com.au)

Commercial solutions are offered by several companies, such as: Hologenix, being
one of the first companies to market FIR textiles, with their Celliant products, which
satisfy several criteria that regulate medical devices (Figure 4); PUMA, with its line of
men’s athletic apparel; French company, HT Concepts, being one of the first to create
such materials, by mixing over 30 metallic oxides (from volcanic rocks) in a breathable
polyurethane binder which can be coated, laminated, or printed on a fabric to reflect
FIRs back to the body; titanium-mineral mix based garments, from Swiss company
Schoeller; Chinese company Voll Will Enterprise, with its FIR-SKIN line of products,
boasting a wide range of products, with knitted textiles infused in liquid titanium and
graphite and patented bio-ceramics FI particles, such as their 3-layer edition of T+Polar
product (Figure 5).

FABRIC

SKIN

TISSUE & MUSCLE

Figure 4. Celliant materials technology (by Hologenix) (Source: www.celliant.com)
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TPU / PU layer with extremely high 4-way stretch

and 100% waterproof and breathable
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Figure 5. FIR-SKIN 3-layer edition of T+Polar (by Voll Will Enterprise) (Source:
www.fir-skin.com)

Other commercially available solutions are offered by companies like: Under
Armour — Athlete Recovery Sleepwear; Solvay — Emana line of products; NILIT — Nilit
innergy functional materials; Toyobo — Ceram A (Figures 6-9).
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Figure 8. Nilit innergy by Nilit (Source: www.nilit.com)
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Figure 9. Ceram A by Toyobo (Source: toyobo-global.com)

The base principle for FIR functional textiles is based on two ways mechanism, once
by are absorbing energy, from sunlight, and then radiate this energy back onto the body
at specific wavelengths, and second, by being activated by the body’s dissipated heat
energy (Song et al., 2020). Thermophysiological comfort is affected by many factors,
such as fiber type, yarn properties, fabric structure, finishing treatment (Sankauskaité et
al., 2020). In order to obtain highly efficient functional materials, manufacturing
process tends to be extremely complex, as in low quantities, the properties inducing
compounds have almost no effect on wearer’s health, which leads to emission of a low
amount of negative ions quantity (500-2600 anion/cc), inducing a low, if any, health
effect. Included in large quantities, they are too expensive (tourmaline, opal) and the
fibers become harsh and fragile. Many of the used compounds have radioactive
potential (monazite) (Lapidus and Doyle, 2015). Also, if the size of particles is to large
(more than 0.2-0.3 um), this will lead to obtaining of highly non-uniform fibers and
early wear of mechanical parts of a textile production facility. Low cost technologies,
such as polymer melt blending techniques used to incorporate minerals in nylon and
poly(ethyleneterephthalate) fibers, may prove difficult to implement, due to the poor
particle dispersion and weak mechanical characteristics of the fibers. Consequently, the
main technical challenge is the need to efficiently blend the polymers and particles into
the polymer matrices.

National R&D Institute for Textile and Leather, INCDTP Bucharest, is running an
Eureka Traditional research project, entitled “Far Infrared Rays and Anion Releasing
Fabrics”, acronym FairTex, consisting of six partners, from Romania and South Korea.
The main objective of the project is the development of new textiles providing health
and wellbeing to the users based on tailored multi-functional nanocomposites
generating negative ions and far infrared rays and, protecting humans against UV-rays
and microbial infections (Figure 10).

https://doi.org/10.24264/icams-2020.1.9

81



An Overview on Far-Infrared Functional Textile Materials

Gamma Rays 1. Selection of Inarganic Particles for Far-
Infrared Emission and Multi-Function
X-Rays

UV Rays Near-Infrared Rays h‘;
VisibleLight | e iy Infrared Rays -
Infrared X

Microwaves 2. Development of master batches
and PET/PA yarns
Radio Waves

3. Development of weven and
knitted fabric for garments and
beddings

Far infrared

oy emision OVOLONO

Figure 10. Overview of FairTex project

CONCLUSIONS

FIR functional textile may represent the future for alternative therapies, as they have
great health benefits of FIR, ranging from regulating body heat, restoring physical
function, muscle pain relieving, arthritis pain management, bronchitis etc. Even though
health benefits of far infrared rays (FIR) and anion releasing fabrics are demonstrated
throughout several studies, these are relatively new materials, with great potential
applicability towards treatment of numerous and various health conditions.
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Determination of values and dependencies of deformation and physical and mechanical properties
of materials of shoe models and finished products. According to the results of theoretical,
analytical and marketing research, a number of experimental tests of materials have been carried
out to prove the practical significance of the work, namely tests for: deformation of the vamp part
of the product, uniaxial and biaxial stretching, bending, dry and wet friction, adhesion, elongation
and tearing. There has been established the nature of the distribution of the total elongations of the
samples of the vamps cut from different areas of the leather, as well as the ability of the leather
material to be formed when improving the shape of the product or changing the shape of the
shoetree. The processes of deformation of the vamp part of shoe blanks, physical and mechanical
properties of different groups of modern materials and values analysis of similarity of their
deformation properties have been studied. There has been created a working model-transformer
for carrying out preliminary measurement of clients’ feet at the individual order. The expediency
of these works has been proved experimentally. A working version of a model-transformer for foot
measurements has been made and as a result of the works approbation, a sample of shoes has been
made. The ergonomic properties of the manufactured footwear have been improved due to the use
of materials with enhanced physical and mechanical properties. The article investigates the
deformation of the most vulnerable vamp part of the men's model of a typical model, as well as the
physical and mechanical characteristics of leather materials for manufacturing models and shoes of
this type. Providing high quality and comfort of footwear, accuracy of parameters selection of foot
measurement, zones of beams and achievement of form stability of footwear with a top from
genuine leathers has been predicted.

Key words: deformation, model-transformer, footwear.

INTRODUCTION

Shoe production has always been an attractive business in steady demand. This has
traditionally been the work of shoemakers since ancient times, who made products by
hand without the use of equipment. The production of fashion industry custom-made
shoes is getting more and more popular every year and has its own segment of
consumers.

In the current climate, the topical issue is the production of exclusive individual
custom-made shoes that emphasize the customer status, his character and preferences.

This paper analyzes modern materials, consumer choice factors influencing the
formation of the innovations range in the production of custom-made shoes, stages of
improvement of technological units of foot measurement processes, stages of layout and
manufacture of shoes, as well as experimental testing of materials to determine values
and dependencies of deformation and physical and mechanical properties of materials of
the footwear working model and the finished product, improvement of a foot
measurement stage and improvement of functional and operational characteristics of a
product with use of modern methods and means of production (Izovit and Naumenko,
2015).
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SETTING OBJECTIVES

The current task of modern small private shoe companies specializing in the
production of custom-made shoes is to study the preparatory and basic processes of
shoe production, namely: measuring the feet and modeling the product model, shaping
the product while tightening the sock-bundle of shoes on the shoetree, etc. These studies
make it possible to investigate and predict providing high quality, comfort and
dimensional stability of shoes with uppers of modern classic and non-typical (python,
crocodile) natural leather materials both in the design and manufacture and operation of
the product, as well as after repairs and renovation or improving the product design.

Creating a comfortable and convenient shape of the product is one of the main
stages of shoe production, the quality and careful implementation of which depends not
only on the shape stability and comfort of shoes at the stage of operation, but also the
product appearance.

At the initial stage of shoe manufacturing in the process of measuring the feet, the
main length, latitude and girth parameters of the foot are selected and set. According to
this the design is modeled, a model and then the product is made.

Deformation properties of materials are the most important ones, which largely
determine the quality of the main technological operations of footwear production, and
on which the product comfort and the preservation of its shape during operation
depends.

These studies make it possible to assume and predict the possibility of using for the
model manufacture as the main material of the upper shoes and a cheaper segment of
materials with similar deformation and physical and mechanical properties to ensure
high comfort and stability of shoes made of genuine leather materials when wearing the
products.

The works of modern scientists in this direction (Kasyan, 2001; Kozar et al., 2013;
Danilkovich et al., 2013; Andreeva et al., 2018; Kozar et al., 2013; Mokrousova and
Okhmat, 2013; DSTU 4239-2003; EN 1SO 20344: 2004; EN 1SO 20345: 2004) suggest
the successful use of the same basic high-value leather materials for shoe uppers in the
design and manufacture of the product without losing the quality and comfort of the
latter. Though there are no studies to confirm the hypothesis in using a cheap segment
of materials for the manufacture of the layout, the quality and comfort of the finished
product will be high. Therefore, this hypothesis must be tested and confirmed
experimentally, because the change in the material type and its properties during the
layout of the product and its production can significantly affect the comfort of the
finished product and its appearance. These processes have been insufficiently studied,
which indicates the relevance of this study.

RESEARCH RESULTS

In the process of researching and studying the customer base of enterprises working
on individual orders, it has been found out that the products price is not the predominant
indicator of importance for consumers, but the appearance, comfort and quality of
materials are predominant. Therefore, the issues of creating comfortable shoes for
manufacturing products must be addressed more deeply at the stage of measuring the
feet and layout. To study the issues of improving the stages of measurement, layout and
manufacturing the products, its reduction without losing quality and comfort.
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Based on the results of theoretical and analytical, marketing and experimental
research, a model-transformer of shoes for preliminary foot measurement was designed
(Fig. 1, a) and prototypes of the product model (Fig. 1, b) were made, which were also
partially subjected to experimental tests. mechanical properties according to certain
importance factors.

a) b)

Figure 1. a) Model-transformer shoes for preliminary foot measurement;
b) Prototype of a model of manufactured shoes

To study the quality of leather for the shoe upper, 4 samples of genuine leather from
different manufacturers have been selected. In general, the organoleptic characteristics
of the leather for the shoe uppers are presented in Table 1.

Table 1. Organoleptic characteristics of leather for shoe uppers

Indicator Leather sample
1 2 3 4
Name cattle crocodile python ostrich
Code number ~ 350-P15- 5505 650-P-154352 100-P-110601  200-P-151215
Colour bordeaux blue white black
Lace Natural lace Clearly defined Natural Natural clear
condition condition segments of lace  distinct scales holes

To assess the leather quality according to physical and mechanical properties there
has been determined the tensile strength of the material, the relative elongation at a
strain of 10 MPa, the resistance of the coating to repeated bending, the adhesion of the
coating film to wet and dry skin. Samples of the materials described above have been
used to evaluate the deformation properties of the materials. According to the methods
described in DSTU (DSTU 4239-2003; EN 1SO 20344: 2004; EN ISO 20345: 2004) for
the relevant tests three samples cut from different leather areas have been taken, they
mimicked the vamp (3 options). One vamp is cut from the cheprak part in the
longitudinal direction, the second — from the cheprak part in the transverse direction,
the third is cut from the extreme part of the leather cheprak part in the longitudinal
direction. There are totally 15 samples (EN 1SO 20345: 2004).

Therefore, the samples selected for research have been evaluated for quality in terms
of physical, mechanical and deformation properties. The results of the research are
presented in Table. 2 As it can be seen from the data presented in the above tables, the
studied leather samples in terms of indicators fully meet the standard requirements for
leather for shoe uppers (DSTU 4239-2003; EN 1SO 20344: 2004).
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Table 2. Physico-mechanical tests of skins

Sample Tensile strength,  Relative elongation, with ~ Elongation at
x 9.8 MPa a load of 9.8 MPa, % breaking, %
1 1,7 54,0 80,0
2 15 35,0 65,0
3 1,6 35,0 58,0
4 18 24,0 59,0
Standard 1,5 20,0-40,0 -

requirements

Therefore, it should be noted that all samples of genuine leather for the shoe uppers
according to the indicators of chemical composition, physical and mechanical properties
fully meet the requirements of regulatory documents and are safe for human feet.

The second stage of the research was studying the properties of products in order to
verify and confirm the similarity of the deformation properties of materials.

For the first type of research, 270-size vamps were selected, designed on a shoetree
of style 9112 of medium fullness.

In the process of forming, the vamps on the shoetree are subjected to forced
stretching simultaneously in several directions, i.e. there is a multi-axis deformation.

According to the method (Kozar et al., 2013), a grid of lines is applied on the flesh
side of the detail imitating the vamp, this grid forms squares of size 20 x 20 mm.
Transverse lines are drawn perpendicular to the inflection line of the vamp and
numbered in Arabic numerals, longitudinal lines are numbered in Roman numerals on
the inside and outside of the vamp.

In the process of forming, the vamps on the shoetree are subjected to forced
stretching simultaneously in several directions, i.e. there is a multi-axis deformation.

Tightening by machine is performed manually. At manual tightening the operation is
carried out on nails by means of pincers and a hammer. And it is necessary to consider
the fact that the machine movements are identical both on the effort applied to
preparation and on frequency of movement reproducibility.

In the process of forming, the vamps on the shoetree are subjected to forced
stretching simultaneously in several directions, i.e. there is a multi-axis deformation.

At manual tightening everything is on the contrary. The master cannot reproduce his
movements with the same effort and frequency physically, so each movement is
different and each tightened area of the workpiece has a different amount of material
stretching, but we are interested in this option.

After tightening and performing various groups of forming operations, the samples
are kept for some time on the shoetree and then removed. Measurements of material
deformation along the total length of lines and sides of squares have been performed
during the study 3 times with a caliper under a microscope with an accuracy of 0.1 mm.

The values of measuring the size of each square of the six samples of the first,
second and third options after deformation have been averaged and taken into account
changes in deviations of + 2.5% or more from the original size.

The reliability of the experimental research results has been assessed by traditional
methods of mathematical statistics. The standard deviation ., the coefficient of
variation v and the parameters reflecting the proximity of the research results is the
accuracy of the test § were determined (Danilkovich et al., 2013).

The results of tests of experimental leather and samples indicate the ability of the
material to forming and repeated deformation (Fig. 2).
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When forming the workpiece of the shoe upper, the leather structure can change
significantly as a result of tensile and flexural deformations: the bundles of fibers are
able to navigate under the action of tensile loads and bend elastically.

TRANSVERSE DEFORMATION

LINES

——| —— V —a—V

Figure 2. The results of transverse deformation

CONCLUSIONS

Genuine leather has a wide range of applications. Most of it is aimed at making
leather for the shoe uppers’. Therefore, quality control of genuine leather is a very
important factor. Since a person spends a long time in shoes, it is important to feel
comfortable and convenient. Given the relevance and feasibility of the purpose of this
study, to assess the quality, samples of selected leather of exotic animals of foreign
production have been chosen.

The processes of deformation of the vamp part of shoetrees, physical and
mechanical properties of different groups of modern materials and analysis of the values
of similarity of their deformation properties have been investigated.

The working model-transformer for carrying out preliminary foot measurement of
customers at the individual order has been created, and as a result of approbation of the
works, the sample of footwear has been made.

The expediency of these works has been proved experimentally. The ergonomic
properties of the manufactured footwear have been improved due to the use of materials
with enhanced physical and mechanical properties.

Providing high quality and comfort of footwear, accuracy of selection of parameters
of foot measurement, zones of beams and achievement of form stability of footwear
with a top from genuine leather at formation on shoetrees of various styles and forms
has been predicted.
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The analysis and classification of shaping methods in the design of shoe bottom parts, and the
investigation of research methods of automation of the design process of shaping shoe bottom parts to
increase the efficiency of the design process and reduce the complexity of manufacturing products at
the stages of technological preparation. Based on the use of means of transformation and
harmonization, the structure of the stages of shaping of art objects to obtain modern shapes was
developed, which made it possible to implement a new approach to the artistic design of footwear. On
the basis of the developed approaches to the choice of shapes and shaping methods sketches were
created and 3D models of shoe bottom parts with the subsequent program analysis of loading on a
sole were developed. New shapes shoe bottom parts have been developed with the help of
transformation principles and a model has been made by automated design methods, which can be
used in technological preparation for the manufacture of light industry products. Regularities of
transformation processes for improvement of artistic design of footwear on the principles of bionics
and stylization are established. Given that the complexity of structures and the emergence of new
spatial solutions pose designers more complex technical tasks for the implementation of design
projects, a method was proposed of calculating the strength and stability of products of complex
geometric shapes, taking into account the materials from which they are made. As a result of the
performed work, women's shoes of the “shuttle” design with an over seam back allowance were
developed. Given the fact that the shoes should be comfortable and meet ergonomic indicators, the
materials, the shape of the pad, and the design of the model were selected. The purpose of this shoe is
everyday wearing, focused on the youth category of consumers. The used technique allows shaping a
wide range of various prototypes of footwear, using a small number of transformed products.
Determining the most loaded areas made it possible to propose measures to improve the design of
shoes of non-standard models. And the combination of the given techniques with modern high-tech
production helps to save means of the manufacturer and to increase the service life of footwear.

Key words: footwear, shaping, transformation.

INTRODUCTION

At all times, footwear was a necessity, a means of protecting the human foot from
the adverse effects of the environment. During thousands of years of its existence, shoe
production has undergone significant changes: from hand-made by individual craftsmen
to mass production of large batches of the same type of shoes in large factories.

One of the key factors in shaping the modern footwear market is the impact of
fashion trends that are changing very fast, especially for women's shoes. The assortment
of women's shoes has the tendency to constantly change and update compared to men's.
The main factors for this are the change of the season, fashion trends, the emergence of
new materials and improvements in production technologies, as well as the constant
need of women to change the assortment depending on the psychological feeling.
Therefore, women wusually do more purchases in the season than men
(https://buklib.net/books/28806).

The trends of modern fashion popularize footwear models of complex shapes, which
requires the use of non-traditional methods and innovative design technologies. Properly
organized three-dimensional structure and a pronounced transformation of the shape of the
product create the preconditions for the integrity and harmony of the shape of the shoe.
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Transformation of Art Objects in the 3D Design Process of Shoe Parts

SETTING OBJECTIVES

Design today is advancing within the framework of global large-scale trends that
correct everyday concepts. This is expressed in the methods of non-standard shaping, as
well as the introduction of new technological materials in combination with color
palettes, the result of which guarantees the achievement of artistic expressiveness of the
shape of products. Shoes, as a three-dimensional structure, are a complex system of
parts that are placed in a specific compositional relationship.

Despite the variety of existing solutions in the field of shaping, today there is a need
for research and search for new promising developments in shoe design. Today, 3D
technologies are gaining wide popularity in various industries, and their use in the design
and manufacture of footwear will be promising. The latest solutions allow improving the
transmission of information and design of shoe parts using CAD software, simplifying the
process of models designing and reducing the complexity of production.

RESEARCH RESULTS

Among the main methods of shaping are: combinatorial shaping, transformation,
stylization, the method of shaping the form based on a natural analogue (bionics), color
shaping (Ustin, 2007; Zaeva-Burdonskaya and Kurasov, 2008).

The richest source of inspiration for the designer is wildlife, which is the basis for finding a
decorative combinatorial element. When appealing to nature, the search for a harmonious
interaction of content (biological function of the organism), form (the way of existence of the
organism) and material (of which the organism itself is composed) is assumed. The shape of a
unified element creates a certain image and character of an object. A more complex process of
product shaping is the combination of finished objects (Detkina and Fukin, 2010).

When designing the shape, the craftsmen first started from natural forms. Later, in
the process of studying the environment, man began to establish a generalized thinking,
which contributed to the development of new shapes, based on the properties of
materials and their purpose.

Today, any object, even a building, can be a source of inspiration for designers. The
basis for the transformation and creation of sketches of shoes was chosen architectural
structure, namely the medical center Enter Architecture (https://novate.ru/blogs/
060311/17011). The Australian design studio “Louns” has completed the construction
of a modern medical and expressive complex “John Curtin school of medical research”,
the concept of which reflects the progressive methods of work and the desire to improve
and develop technology (Fig. 1). Based on the art object, a design based on the
principles of visual transformations, which are important for structuring the artistic
qualities of the transformative properties of shoes, was proposed (Fig. 2).

An example of an artistic search for the shaping of the bottom of shoes on the basis
of various architectural structures is shown in Fig. 3.

The complex shape of shoe parts requires a responsible approach to ensuring their
performance. It is well known that the shoe in the process of wearing receives various loads
that cause different types of deformation of its parts. Within the specified limits, these
deformations are useful and necessary for the comfortable well-being of the shoe owner.
With a rigid shoe design, a feeling of discomfort and fatigue quickly occurs. And vice versa
- flexible and elastic design helps to maintain comfort for a long time. However, too flexible
shoes also quickly cause fatigue, and insufficient fixation of the foot can cause injury. In
addition, in the event of significant deformations, stresses may occur in the materials of shoe
parts that exceed their strength and cause the destruction of these parts. Therefore, at the
stage of designing shoes, their strength calculation is very important.
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Figure 3. Transformation of art objects into shoes construction

Typical types of deformation of parts traditionally include: bending, shear, torsion,
tension and compression.

The relationship between strain and normal stresses in a material is established by
Hooke's law (Pisarenko et al., 2004). In the general case, this dependence has the form:
o = Eg, (D)
where o - is the stress; ¢ - is the relative deformation; E - is the modulus of elasticity of
the material (Young's modulus).

The calculation of polymer parts of shoes is complicated by the fact that they are not
elastic bodies, and for them cannot be applied with high accuracy classical methods of
resistance of materials and the theory of elasticity (Tager, 2007). For such elements, you
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can use the function of the relationship between deformation and normal stresses in
polymeric materials in the form (Lebedev, 1991):

o™= Ee, 2)
where m - is the exponent, which varies from 0.6 to 1 depending on the type of material
(at m = 1, the body exhibits elastic properties, which is characteristic of metals).

In the process of designing shoe parts, you can start from the conditions of providing
strength or providing the necessary rigidity. Each element can be represented as a
simple part - a rod, a plate or a tube. This will make it possible to use known
engineering methods of calculation taking into account the properties of the materials
from which these elements of footwear are made. For example, in Kulik, 2017a, we
obtained expressions for the calculation of cantilevered elements of the polymer shoe
bottom under the action of a distributed load (Fig. 4, a), and Kulik, 2017b presented a
method for calculating the polymer elements of the rod shape during torsion (Fig. 4, b).

The required strength and rigidity of the part can be ensured by choosing its rational
geometric parameters, because the physical and mechanical properties of the already
selected material cannot be influenced. Such parameters can be the thickness h or radius
r of the part.

A8ARARRR ARRBRAAARARY
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a)

Figure 4. Calculation schemes for the study of the stress-strain state of cantilevered
polymer elements of footwear: a - under the action of a uniform load; b - when twisting

When cantilever bending of a part of rectangular cross section b x h, loaded with
distributed force (see Fig. 4, a), the required strength of the part is provided by the
thickness determined from the expression:

h=yq-I*-@m+2)/b-[o]) - 3
The pondition of rigidity will be:

YL g T @

or

R .‘ﬁﬂ || qm_zzm+1_[;;n+2} (5)

N|2m+:-|:m+1}b-5-[}'mn_,_.]

In the given expressions: b, h, I - respectively width, thickness and length of the part;
g - is the magnitude of the load; m - is the exponent that characterizes the elastic
properties of the polymeric material; [¢] - the strength of the material of the part; [6] -
angle of rotation; [y] - deflection.

For the part of the rod shape shown in the diagram of Fig. 4, b, the minimum radius
is determined at which the appropriate strength will be provided:

r=3/(T/[c)-@m+3), ©)

or required rigidity:
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In the given expressions: r, | - radius and length of the rod element; T - torque; m - is
the exponent that characterizes the elastic properties of the polymeric material; [7] -
allowable tangential stresses for the material; [¢] - allowable angle of rotation; G - is the
shear modulus. To date developed a large number of different software that simplifies
the process of designing shoes, to receive materials cutting schemes, to investigate
manufacturing processes, to model behavior of footwear parts of various loadings.

In this study, the software product Rhinoceros 3D was used for automated design of
shoe uppers and bottoms. In fig. 5 a sketch of the developed shoes is shown.

Figure 5. Sketch of shoes
SolidWorks software was used to analyze the loads that will occur in the elements of
the shoe while wearing it. Fig. 6 illustrates the uneven distribution of pressure on the
surface of the sole, taking into account the angle of the foot. Fig. 7 presents the analysis
of stresses and strains in the sole of the shoe during operation.
As a result of modeling, it was found that the weakest part of the structure is its
middle section. It is this area that receives the greatest deformation loads. To strengthen

it, it was proposed to use an additional element of reinforcement, which is shown in
Fig. 8. The finished product obtained by the developed project is presented in Fig. 9.

=
" ' i —
a) b)
Figure 6. Weight Figure 7. Distribution of stresses (a) and deformations (b)
distribution on the arising in the sole of the shoe
insole of shoes under the action of operating loads

A feature of the bottom of the developed shoes is the presence of a platform: the design
of the classic platform has been transformed into a geometric object that has not only a
functional purpose, but also acts as a decor. The model is based on contrasting colors that
give the shoes a more aesthetic, brighter look. All details of the top are made of natural
materials. The insole assembly consists of a main insole, a half insole and a metal insole;
padding, which fills the space between the contours of the lasting edge of the lasted shoes.
The method of forming the workpiece is external lasting and force lasting. The platform is
made by a method of stamping from the rolled metal tape 2 mm thick (ST-3 steel).
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Figure 8. The element of structural
reinforcement Figure 9. The made specimen

CONCLUSIONS

The study considered the methods of visual transformations that are important for
structuring the artistic qualities of shoes. The used technique allows shaping a wide
range of various prototypes of footwear, using a small number of transformed products.
And the combination of the given techniques with modern high-tech production helps to
save means of the manufacturer and to increase the service life of footwear.

Given that the complexity of structures and the emergence of new three-dimensional
solutions pose more complex technical challenges for designers to implement design
projects, the possibility of calculating the strength and dimensional stability of products
of complex geometric shapes was analyzed taking into account the characteristics of the
materials from which they are made.

Possibilities of the modern software for designing of footwear and modeling of its
behavior in the course of operation are considered. Determining the most loaded areas
made it possible to propose measures to improve the design without the manufacture
and study of an experimental sample, which is of great importance in the manufacture
of shoes of non-standard models.

As a result of the performed work, women's shoes of the “shuttle” design with an
over seam back allowance were developed. Given the fact that the shoes should be
comfortable and meet ergonomic indicators, the materials, the shape of the pad, and the
design of the model were selected. The purpose of this shoe is everyday wearing,
focused on the youth category of consumers.
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For signaling and rescue, at international level, modular systems made of composite structures are
used, which ensure the maintaining at the water surface of them, in a fixed point, in any
meteorological conditions etc. According to the diversity of activities carried out in the marine
and/ or river sector and depending on them, worldwide signaling systems are applied: for the
safety of navigation, for data recording and processing activities and for the marking of ecological
protection areas (National Strategy for Sustainable Development of Romania 2030, 2017; La
Depeche, 2014). For this last category, the signaling of the navigable channel is made in
accordance with the "Basic Regulations for Navigation on the Danube" edited by the Danube
Commission, 1991 edition, Budapest, while for the maritime buoyage system the IALA agreement
is used, concluded in Paris, on the 15th April 1982 and involves the use of floats and buoys made
of composite materials. The work aims to create a digital signaling/ rescue system applied in the
coastal aquatic area (Council Regulation (EC) No. 509/2006; Decision No. 1600/2002/EC). In this
respect, using FEM modelling, the geometric domain was defined, the composite structure of
which the system is made was modeled, the structure with finite elements was generated
(discretization, properties modelling, specific finite elements obtaining), the constraints and loads
were modeled and finally, in the post-processing stage, the results (deformation, Von Mises stress,
displacements) were visualized and studied.

Keywords: modelling, FEM, numerical analysis, digital construction.

INTRODUCTION

The worldwide signaling systems are applied as follows:

i) For the safety of navigation, in order to carry out the vessel traffic in safe
conditions, by marking the passage corridors to avoid the areas with reefs or rocks
(Multiannual National Strategic Plan on Aquaculture 2014-2020).

ii) For data recording and processing activities, in order to record the parameters that
characterize the marine environment, namely: data on speed and direction of surface
and depth currents, wind speed and direction, water and air temperature etc. (EC
Communication, 2018).

iii) For the marking of ecological protection areas, in order to protect the areas
considered ecological reserves; tourist and leisure activities, within the beaches and
marinas; marking the risk areas: (deep waters with rocky bottom and strong currents)
and for marking the passage corridors of the boats based on the beaches (EC
Communication, 2006).

For this last category, the signaling of the navigable channel is made in accordance
with the “Basic Regulations for Navigation on the Danube” edited by the Danube
Commission, 1991 edition, Budapest, while for the maritime buoyage system the IALA
agreement is used, concluded in Paris, on the 15th April 1982 and involves the use of
floats and buoys made of composite materials (EEA Report No 8/2012).
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MATERIALS AND METHODS

For modelling the geometric domain of the problem, the sketcher module was used.

The dimensional constraints for the Part Design module used in order to obtain the
3D image were: height: 600 mm; base diameter: 1000 mm. Figure 1 sequentially
visualizes the dimensioning of the ME, made using Part Design (Shaft).

Figure 1. Sequential configuration made with Part Design

After checking the model and discretizing the created geometry, the calculation
conditions were identified, the values corresponding to for 4 bf and 8 bf were identified,
respectively (Table 1).

It should be noted that, in the situation where the system will be located in running
water, hydrometeorological conditions (necessary for calculation) cannot be more
difficult than those in the open sea, so the stress to which the system was subjected were
the most difficult.

Table 1. The values corresponding for 4 bf and 8 bf

Beaufort Scale 4 bf 8 bf
Wind speed 11 - 15 kt (20 - 88 km/h) 34 — 40 kt (62 - 74 km/h)
Sea conditions Height wave, max. 1.5 m; Height wave: 6-7.5 m;
Small waves with rolling crests Big waves with arched crest
On the land The dust rises; The trees branches break;
The pennant stretches, taking a The vehicles can go out of control

horizontal position

The constraints for both 4 bf and 8 bf were done on the entire circumference of the
lower base (which is submerged in water) (Figure 2).

Figure 2. Preparation for simulation: a — single view; b — multiple view

The loads were directed to: distributed force and distributed pressure. The views of
these constraints are shown in figure 3.

https://doi.org/10.24264/icams-2020.1.12

96



ICAMS 2020 — 8" International Conference on Advanced Materials and Systems

The material from which the signaling/ rescue system is considered to be made has
the following characteristics (for both simulation conditions, 4 bf and 8 bf):

- warp// weft: 100% PES// 100% PES;

- warp// weft length density: 167dtex/ f32x2 / 250Z// 167dtex/ f32x2/ 120Z;

- breaking force, min. 300// 315 daN;

- warp// weft elongation at break, max. 20// 21%.

BET ) 53 P

Figure 3. The views of the constraints

RESULTS AND DISCUSSIONS

Post-processing allowed the visualization of the results (for both stress conditions, at
4 bf and at 8 bf): deformation of the structure under the effect of dynamic pressure, Von
Mises stress fields and distribution of displacement vectors. The state of tension in the
system (possible cracks) that may occur at the contact of the composite structure with
the fluid in turbulent motion was predicted using the VVon Mises criterion.

Post-Processing Results - Stress at 4 bf

Figure 4 shows the images corresponding to the model calculation at 4 bf. Figure 4b
and 4c show the interior deformation of the ME1 on different segments, visualization
possible with the help of the section plane manipulated with the help of the compass
(rotations, displacements). By dynamically changing the position of the plan, the results
can be viewed in real time.

Figure 4. Deformation visualization of the signaling/ rescue system located in
coastal areas; a - deformation ME1 from SC4; b - deformation SC4 and MEL interior -
single view; ¢ - SC4 deformation and ME1 interior - multiple view

The Von Mises Stress result highlights the range of values for the minimum and
maximum stresses that can occur in the required system at 4 bf. According to the
analysis, the resulting values fall in the range [5.26e+004; 1.78e+006] N/m?2. Given the
value for admissible resistance of the textile material, it can be predicted that this and
implicitly the composite structure will withstand the distributed force imposed for 4 bf.
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The obtained images are shown in figure 5 and successively highlights the Von
Mises values of the system.

The image obtained for the main stresses in the system subjected to the action of the
distributed force and pressure for 4 bf is presented in figure 6. The main voltage tensor is
represented in 3D in each node and is in the range of [-2.81e+006; +2.99e+006] N/m?2.
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Figure 5. Nodal values visualization of Von Mises stress for the signaling/ rescue
system located in coastal areas (maritime and fluvial): a, b - image obtained with mesh
view - single view; ¢ - multiple view; d, e, f - cut plane analysis

Figure 6. The main stress tensor for the signaling/ rescue system located in coastal areas
(maritime and fluvial)

Post-Processing Results - Stress at 8 bf

The images corresponding to the calculation at a stress of 8 bf are shown in figure 7a
and 7b highlight the deformation of the system by means of its representation with the
discretization network; in figure 8c is visualized the interior deformation on different
segments (cut plane analysis).
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The analysis of the images highlights a large deformation of the system in the sense
of implosion of the area exposed to the dynamic stresses that appear especially in the
sea - shore direction.

2P 8D BABE NI LBANAN

a b c

Figure 7. Deformation of the signaling/ rescue system located in coastal areas
(maritime and fluvial): a - material and mesh representation - single view; b - material
and mesh representation - multiple view; ¢ - cut plane analysis - multiple view

According to the analysis performed for the stress at 8 bf, the resulting values for
Von Mises Stress (on node) fall within the range [3.15e+008; 1.07e+010] N/m?, for
certain values exceeding the admissible resistance of the material, so the system will
resist to the distributed force and pressures required for 8 bf.

The images obtained for Von Mises at a stress of 8 bf are shown in figure 8.
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Figure 8. Visualization of the Von Mises system values - 8 bf: a -material and mesh;
b - mesh; ¢, d - representation in multiple view; e - material representation; f - material
representation - multiple view
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Figure 9 allows the visualization of the main stress tensor highlighting the fact that
the values in each node and are in the range of [-1.68e+010; 1.8e+010] N/m?2,

CONCLUSIONS

The modelling with FEM allowed the prediction of the possible responses of the
signaling/ rescue system located in the aquatic coastal area.

Figure 9. The main stress tensor for 8 bf

The post-processing performed for conditions of 4 bf and 8 bf showed that the
designed digital system that has as material from the composite structure made by
specialists from INCDTP will resist the difficult conditions imposed by the field of use.
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The aim of the paper is to modify the surface of dolomite with titania (TiO;) and silica (SiO5)
precursors, in order to use it as a potential reinforcement material in a polymeric matrix or for
environmental applications (photocatalyst for the degradation of organic pollutants based on TiO,).
The dolomite surface modification was performed by 2 methods. The first method consisted in
modifying the direct dolomite surface with SiO,and TiO,. The second method consisted in the initial
treatment of dolomite with TEOS, in order to form silanol bonds, followed by the addition of SiO,
and TiO, precursors. The obtained powders were characterized by FTIR, SEM-EDS and DSC-TG.
The FTIR spectra prove the formation of the silica network while the samples modified with PDMS
exhibit the characteristic peaks of methyl groups from PDMS. In EDS, the presence of the
characteristic elements of dolomite (calcium, magnesium, oxygen and carbon) can be observed.
When analyzing the modified dolomite powders the presence of titanium and silicon can be
observed. The characteristic morphology of the dolomite is preserved in all the samples but, the
surface of the larger particles is decorated with smaller particles proving the functionalization of the
dolomite, according to the two routes. The thermal analysis is characteristic for dolomite-based
materials, the main difference between the samples appearing as a consequence of the burning of
the organic part of PDMS, which occur between 400 and 600°C.

Keywords: Dolomite, SiO,, TiO,.

INTRODUCTION

Dolomite is a mineral composed of layers of carbonate ions (CO3?) separated by
alternating layers of the calcium (Ca®*) and the magnesium (Mg?*) ions. Dolomite has
properties similar to calcite (CaCOg), but is harder and has a higher resistance to acid
attack (DeArmitt, 2019). Due to its high abundance in nature, dolomite has a low price
(Correia et al., 2015). Dolomite is considered a promising catalyst in obtaining biofuel,
due to its composition (mainly CaCOs; and Mg), which is decomposed at high
temperatures (thermal activation/calcination) into CaO and MgO (Nustez-Castafio et al.,
2019). Other applications of dolomite include: adsorbent for retaining heavy metals (Zn,
Ni, etc.) from wastewater, photocatalyst for degradation of organic pollutants
(bisphenol A, chlorophenols, etc.) in the presence of UV light (Nagase et al., 2014), filler
in various polymeric matrices (polyester resins, alginates, polypropylene, etc.) (Saidi et
al., 2019; Huang et al., 2019; Ozdemir et al., 2017). Although dolomite can be used in a
wide range of applications, it is not exploited to its true potential, at the industrial level.
This is because it requires additional surface treatments to induce specific features of
interest. These functionalities are reflected in improved mechanical, chemical, flame
retardant properties, etc., which makes it a viable material at the industrial level, the
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quality / price ratio being superior to carbon nanotubes, carbon fibers, etc. Therefore, this
paper aims to modify the surface of dolomite powder with SiO- and TiO; precursors, by
two simple methods, in order to use it as a potential reinforcing material in polymer
matrices or for environmental applications (photocatalyst for degradation of organic
pollutants based on TiO,).

MATERIALS AND METODS

Materials

The following raw materials were used in the experiments: Dolomite powder type
DOLOFLOR, with 30-33% CaO, 18-20% MgO, pH=9.67, from SC CEMROM SA;
Tetraethyl orthosilicate (TEOS) - reagent grade, 98%, 208.33 wt%;
Poly(dimethylsiloxane) — viscosity 500cSt (25°C) (lit.), mol wt ~17,250; Titanium (1V)
isopropoxide, > 97%, molecular weight: 284.22, density: 0.96g/mL at 20°C (lit.) from
Sigma Aldrich, Ethyl Alcohol — for analysis, molecular weight: 46.07 acquired from
Chimreactiv SRL.

Method

Dolomite powder was treated according to a methodology published by Sonmez et al.
(2019).

Method 1: 100 g of dolomite was transferred to a plastic container over which excess
ethanol was added (so as to cover the entire surface of the powder) and magnetically
stirred at 300 rpm and 40-50°C for 30 min. Then, the functionalizing agents (10 mL
polydimethylsiloxane-PDMS or 10.5 mL titanium isopropoxide - TiO2) were added as
fine droplets, and stirring was continued at the same parameters as above, for another 2h.
Into the glass containing the dolomite powder/10% titanium isopropoxide, 10 mL of
distilled water was added for the hydrolysis process to occur, and stirring was continued
for another 20 min. The two types of powders (Dolomite/10% PDMS, symbolized in the
paper as Sample 7 and Dolomite/10% TiO, - Sample 8) obtained, were filtered under
vacuum, washed with ethanol in abundance (at least 3 times to eliminate unreacted
agents), dried in an oven with hot air at 80°C for ~ 24 h, ground and characterized (FTIR,
EDS, SEM, DSC-TG).

Method 2 (sol-gel): involves, compared to method 1, the initial treatment of dolomite
with TEQOS in order to form reactive Si-OH bonds on the surface (at 300rpm, 40-50°C for
1 h), followed by the addition of functionalizing agents (PDMS or titanium isopropoxide).
The amount of TEOS (18.6 mL) was calculated to obtain in the end 5g SiO, and 5g of TiO;
(24.67 mL titanium isopropoxide), the rest of the stages being identical to method 1. Thus,
2 powder variants were also obtained: Dolomite/5%TEOS/5%PDMS — Sample 9 and
Dolomite/5%TEOS/5%TiO, — Sample 10.
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RESULTS AND DISCUSSION

FTIR Spectra of Raw / Modified Dolomite Powder

0.0 )
4000 3500 3000 2500 2000 1500 1000 500

Figure 1. FTIR spectra of raw dolomite powder / modified with SiO, and/or TiO;
precursors

The FTIR spectrum obtained on raw dolomite, highlights the bands from 1416.78,
associated with the asymmetric stretching vibration (vas) of (CO3z)%groups, the band from
873.3 cm! (associated y — out of plane bending vibration of bonds O—C-O) and the 727.93
cm band, associated with § — in plane bending vibration of O—C-0O in (CO3)?* group
(Mroczkowska-Szerszen and Orzechowski, 2018). In Sample 7, in addition to the
characteristic dolomite bands, the PDMS bands can also be identified. Thus, the band
from 2962.3 cm™ (is associated with the stretching vibration of CH3 bonds) and the bands
from 1088.98, 1016.15 cm™* are associated with the vibration of Si-O-Si bonds. The band
from 1258.78 cm! s associated with symmetrical deformations of the CH3 bonds from
the Si-CHj3 group, and the one from 796.69 cm™! represents the stretching vibration of the
Si-O bonds (Cui et al., 2018). In the spectrum obtained on Sample 9 can be identified
both the characteristic bands of PDMS and silica. In the case of Sample 10, the adsorption
band from 3383.68 cm™ associated with the stretching vibration of hydrogen bonds and
the Si-O-Si band from silica can be identified. The characteristic bands of the TiO, group
could be revealed by FTIR (Sample 8 and 10), only at values below 500 cm™*. However,
the presence of the element Ti has been proven by EDS in the case of both powders
containing TiO2 precursor.

SEM-EDS Analysis of Raw and Modified Dolomite Powders

The SEM images obtained on raw dolomite (Figure 2, image A) show a high
heterogeneity of particle sizes with variations from 1,512 um to 14.08 um. According to
the literature, generally in raw dolomite, two types of aggregates can be observed: fine
with dimensions between 1-4 pum and large with dimensions between 5-14 pm
(Gruszecka-Kosowska et al., 2017; Huang et al., 2019). Moreover, the shape of the
particles in dolomite is not well defined (irregular) and the aggregates have a smooth
surface, without visible pores. The characteristic morphology of dolomite is preserved in
all modified powders (Figure 2, B-E), with the mention that the surface of large particles
is decorated with smaller particles which demonstrates the functionalization of dolomite,
according to the two methods. Thus, in the case of Samples 7 and 9 (Fig. 2, B and C), the
particle size from SiO, precursors varies between 718.3 and 956.5 nm. Smaller particle
sizes could be observed in Sample 10, especially at large magnifications-20.000x, with
size variations between 113.6, 145.2 and 154 nm. The EDS spectrum obtained on raw
dolomite (Figure 2, A) highlights the main elements in its composition: Ca, Mg, C and O
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without identifying other elements considered impurities, which demonstrates the
advanced purity of the dolomite used.

- Lo .

Figure 2. SEM—EDS analysis of: (A) raw dolomite, (B) Sample 7, (C) Sample 9, (D)
Sample 8 and (E) Sample 10, magnification 5000 and 20000x

In Sample 7 (B) and Sample 9 (C) in addition to the dolomite elements, the presence
of Si can also be observed, which confirms that the chosen modification route was
optimal. Similar, in Sample 8 (D) the element Ti can be identified, and in Sample 10 (E)
the elements Ti and Si.

Thermal Analysis

To evaluate the thermal decomposition behavior of raw dolomite and modified with
TiO, and/or SiO; precursors, the DSC-TG analysis was performed, and the obtained
curves are shown in Figure 3. In raw dolomite (Figure 3Error! Reference source not
found., A), amass loss of 1.57% is observed in the range RT-600°C. A weak endothermic
effect below 100°C indicates an initial water loss (water physically absorbed into the
mineral). After 600°C the sample loses 45.81% of the mass up to 900°C, the residual
mass being 52.97%. This is the interval in which MgCOs; and CaCOs; decompose by
eliminating CO.. The endothermic effect that accompanies this decomposition process is
wide, asymmetrical, with a minimum at 849.5°C, and a shoulder at 813.8°C. According
to data from the literature (Yang et al, 2019), the first to decompose is MgCOs3
(endothermic effect at 813.8°C). CaCOs; decomposes at a higher temperature
(endothermic effect at 849.5°C). The inflection point on the DTG curve is at 829°C (until
there the decomposition of MgCOs; dominates, and at temperatures > 829°C the
decomposition of CaCO3; dominates). By decreasing the water and considering the total
decompositions, a (mass) composition of MgCO3 ~ 26% and CaCOsz ~ 73% can be
estimated. In Sample 7 (image B) a mass loss of 6.05% up to 600°C is observed. In
addition to traces of water removed up to 150°C (according to the weak endothermic
effect at 75°C) there is a higher mass loss after 300°C most likely generated by oxidation
of PDMS and transformation into SiO, (weak exothermic effect at 386.5°C). After 600°C
the decomposition of the two carbonates takes place. Besides the mass loss of 13.71%
between 725-793°C attributed to the decomposition of MgCO3; (endothermic effect at
757.9°C) and the mass loss of 25.03% between 793-900°C attributed to the
decomposition of CaCOg3 (endothermic effect at 818.6°C) a mass loss between 600-725°C
of 4.66% can also be observed, with a weak endothermic effect at 690.6°C. It can be
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attributed to the formation of a Ca or Mg silicate (MSiOs type). In this case there is a
decrease in carbonate decomposition temperatures, more pronounced for MgCOs.

s 388 dad

Figure 3. Thermal analysis of powders: (A) Dolomite; (B) Sample 7; (C) Sample 9; (D)
Sample 8 and (E) Sample 10

In Sample 9 (image C) there is a mass loss of 4.22% up to 600°C. In addition to traces
of water removed up to 150°C (according to the weak endothermic effect at 80°C) there
is a greater loss of mass after 300°C, most likely generated by oxidation of PDMS and
transformation into SiO, (weak exothermic effect of at 387.7°C). The smaller amount of
PDMS in the sample leads to a lower weight loss. Considering the thermal analysis from
Sample 10 (image E), the oxidative degradation of TEOS occurs without being able to
revealing sudden mass losses or thermal effects. After 600°C the decomposition of the
two carbonates takes place. In the range of 600-719°C the reaction between SiO, and
carbonates takes place (obtaining MSiO3) with a mass loss of 4.22% and a weak
endothermic effect at 687.6°C. The decomposition of MgCO3 occurs predominantly in
the range of 719-793°C (endothermic effect at 761.1°C), the mass loss being 15.47%.
Between 793-900°C, CaCO; decomposes predominantly (endothermic effect at 818.6°C),
with a mass loss of 24.68%. In this case there is a decrease in the decomposition
temperatures of carbonates. In Sample 8 (image D), a mass loss of 3.08% up to 600°C is
observed. Below 100°C a weak endothermic effect is observed, generated by the loss of
water absorbed in the sample. After 150°C there are a number of weak endothermic
effects, which can be attributed to the decomposition of traces of organic matter.
Considering the thermal analysis from Sample 10, the oxidative degradation of titanium
isopropoxide occurs without any sudden loss of mass or visible thermal effects. The main
decomposition stage starts after 600°C and represents 43.50% up to 900°C. At this stage,
the decomposition of MgCOs takes place, with the endothermic effect from 768.2°C and
the decomposition of CaCO3 with the endothermic effect from 818.7°C. The inflection
point on the DTG curve occurs at 788°C, and can be considered that below 788°C the
decomposition of MgCOs; predominates and then the decomposition of CaCOgs
predominates. It is observed that the addition of Ti isopropoxide (which is already TiO5)
decreases the decomposition temperatures of carbonates. Sample 10 (image E) records a
mass loss of 4.83% up to 600°C. In addition to traces of water removed at low temperature
(endothermic effect at 75.2°C), there is an oxidative degradation of TEOS and Ti
isopropoxide, without major thermal effects. After 600°C the decomposition of the two
carbonates takes place in stages. Up to 791°C the decomposition of MgCO3; predominates
(endothermic effect at 767.6°C) with a mass loss of 17.57%. After 791°C the
decomposition of CaCOs; predominates accompanied by the endothermic effect at
813.3°C, with a mass loss of 21.55 %. For this sample, the formation of Mg or Ca silicate
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is not observed before the decomposition of MgCOs. There are two possible explanations,
either the formation of the silicate overlaps with the decomposition of the carbonate and
can no longer be revealed as separate processes, or SiO; has already combined with TiOs.

CONCLUSIONS

The dolomite powder was modified according to the two methods presented, in order
to be used as a reinforcing agent in obtaining composite materials. Additionally, the
presence of TiO can ensure the photo-catalytic activity, and the obtained powders can be
used in environmental applications.

Acknowledgements

This work was supported by: 1. Contract No. 183 C1/2018, 2. Contract no. 6PFE/2018,
Acronym: PERFORM-TEX-PEL, and 3. PN 19170302 / 2019.

REFERENCES

Correia, L.M., de Sousa Campelo, N., Novaes, D.S., Cavalcante Jr., C.L., Cecilia, J.A., Rodriguez-Castellén,
E. and Vieira, R.S., (2015), “Characterization and application of dolomite as catalytic precursor for canola
and sunflower oils for biodiesel production”, Chemical Engineering Journal, 269, 35-43,
https://doi.org/10.1016/j.cej.2015.01.097.

Cui, X., Zhu, G., Pan, Y., Shao, Q., Zhao, C., Dong, M., Zhang, Y. and Guo, Z. (2018), “Polydimethylsiloxane-
titania nanocomposite coating: Fabrication and corrosion resistance”, Polymer, 138, 203-210,
https://doi.org/10.1016/j.polymer.2018.01.063.

DeArmitt, C. (2019), “Fillers and Filled Plastics”, Kirk-Othmer Encyclopedia of Chemical Technology, 1-27,
https://doi.org/10.1002/0471238961.0609121206011203.a0.

Gruszecka-Kosowska, A., Baran, P., Wdowin, M. and Franus, W., (2017), “Waste dolomite powder as an
adsorbent of Cd, Pb(Il), and Zn from aqueous solutions”, Environmental Earth Sciences, 76(15), 1-12,
https://doi.org/10.1007/s12665-017-6854-8.

Huang, Y.X., Liu, M.J., Chen, S., Jasmi, I.l., Tang, Y. and Lin, S., (2019), “Enhanced adsorption and slow
release of phosphate by dolomite—alginate composite beads as potential fertilizer”, Water Environment
Research, 91(8), 797-8, https://doi.org/10.1002/wer.1122.

Mroczkowska-Szerszen, M. and Orzechowski, M. (2018), “Infrared spectroscopy methods in reservoir rocks
analysis — semiquantitative approach for carbonate rocks”, Nafta-Gaz, Rok LXXIV, 11, 802-812,
https://doi.org/10.18668/ng.2018.11.04.

Nagase, H., Tsujino, H., Kurihara, D., Saito, H., and Kawase, M. (2014), “A role for calcium hydroxide and
dolomite in water: Acceleration of the reaction under ultraviolet light”, Chemosphere, 101, 8-14,
https://doi.org/10.1016/j.chemosphere.2013.11.042.

Nustez-Castafio, S.A., Villamizar-Castro, D.O. and Vargas-Solano, E.M., (2019), “Evaluation of dolomite as
catalyst in the transesterification reaction using palm oil (RBD)”, DYNA, 86(209), 180-187,
http://dx.doi.org/10.15446/dyna.v86n209.74126.

Ozdemir, F., Ayrilmis, N., and Mengeloglu, F. (2017), “Effect of dolomite powder on combustion and
technological properties of WPC and neat polypropylene”, Journal of the Chilean Chemical Society, 62(4),
3716-3720, https://doi.org/10.4067/s0717-97072017000403716.

Saidi, M.A.A., Mazlan, F.S., Hassan, A., Rasid, R.A., and Rahmat, A.R. (2019), “Flammability, thermal and
mechanical properties of polybutylene terephthalate/dolomite composites”, Journal of Physical Science,
30(3), 175-189, https://doi.org/10.21315/jps2019.30.3.11.

Sonmez, M., Alexandrescu, L., Georgescu, M., Gurau, D., Chelaru, C., Juganaru, M., Ficai, A. and Trusca, R.
(2019), “Influence of adding functionalized microparticles on the physical-mechanical, structural, and
processability properties of thermoplastic rubber”, Leather and Footwear Journal, 19(1), 29-40,
https://doi.org/10.24264/1j.19.1.4.

Yang, H., Dong, H., Zhang, T. et al. (2019), “Calcined Dolomite: An Efficient and Recyclable Catalyst for
Synthesis of «a, p-Unsaturated Carbonyl Compounds”, Catalysis Letters, 149, 778-787.
https://doi.org/10.1007/s10562-018-2632-9.

https://doi.org/10.24264/icams-2020.1.13

106


https://www.sciencedirect.com/science/article/pii/S003238611830082X#!
https://www.sciencedirect.com/science/article/pii/S003238611830082X#!
https://www.sciencedirect.com/science/article/pii/S003238611830082X#!
https://www.sciencedirect.com/science/article/pii/S003238611830082X#!
https://www.sciencedirect.com/science/article/pii/S003238611830082X#!
https://www.sciencedirect.com/science/article/pii/S003238611830082X#!
https://www.sciencedirect.com/science/journal/00323861
file:///C:/Users/Maria/AppData/Roaming/Microsoft/Word/138
https://doi.org/10.1016/j.polymer.2018.01.063
https://www.researchgate.net/journal/1866-6299_Environmental_Earth_Sciences
https://doi.org/10.1002/wer.1122
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.4067%2Fs0717-97072017000403716
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.24264%2Flfj.19.1.4

ICAMS 2020 — 8" International Conference on Advanced Materials and Systems

IMPROVEMENT OF MECHANICAL, THERMAL AND MORPHOSTRUCTURAL
PROPERTIES OF SBS THERMOPLASTIC ELASTOMER USING KAOLIN AND
DOLOMITE MICROPARTICLES WITH MODIFIED SURFACE

MARIA SONMEZ!, MIRCEA JUGANARU?, ANTON FICAI3, OVIDIU OPREA3, ROXANA
TRUSCAS3, MIHAI GEORGESCU!, DANA GURAU?, DENISA FICAIS, LAURENTIA
ALEXANDRESCU?, DOINA CONSTANTINESCU* MARIA DANIELA STELESCU?,

MIHAELA NITUICA?, MINODORA MARIN?
'INCDTP - Division: Leather and Footwear Research Institute, 93 lon Minulescu st., Bucharest,
Romania, maria.sonmez@icpi.ro
2Protect Styl Industry S.R.L., 30 Bulevardul Unirii, 600192, Bacau, Romania,
mircea.juganaru@protectstyl.ro
3Politehnica University of Bucharest, Faculty of Applied Chemistry and Material Science, 1-7
Polizu St., Bucharest, Romania, anton.ficai@upb.ro
4SC MONOFIL SRL, 5F Gheorghe Caramfil str, Savinesti, Neamt, Romania,
monofil.sri@gmail.com

The aim of this paper was to assess the influence of the modification of the surface of dolomite and
kaolin with SiO, and TiO, precursors, on the block copolymer styrene-butadiene-styrene (SBS) type
thermoplastic rubber properties. These composite materials were obtained by compounding SBS
with various ratio of powders. Based on the SEM images it can conclude that the powders were
homogenously dispersed in to the SBS matrix. The dolomite particles can be clearly identified in the
SEM images as particles of 10 micrometers. The samples obtained with modified dolomite have
similar morphology. The EDS elemental distribution confirming a good corroboration between the
elements of the dolomite, kaolin and titanium or silicon elements. Based on the thermal analysis
according to the residual mass, the presence of 20% mineral phase can be confirmed. According to
the DSC curves a strong stabilization of the composite appears, because of the presence of the
mineral component. According to the physical-mechanical data all the composite materials exhibit
improved mechanical properties. Additionally, the modification of the kaolin and/or dolomite bring
important improvements in mechanical properties. The samples 13 and 14 exhibit high tensile and
tear strength. These composites can be used for various applications, such as, for instance, soles for
firefighters' footwear.

Keywords: SBS thermoplastic rubber, interface, functionalization.

INTRODUCTION

Styrene-butadiene block copolymers are an important class of synthetic rubber,
composed of central rubber blocks and polystyrene ends. Hard styrene blocks induce
mechanical and abrasion resistance, while butadiene improves flexibility and toughness.
SBS rubber is widely used as an impact modifier in various plastics and adhesives, sealing
materials, gaskets, rubber bands for wires and cables, shoe soles, toy parts and bitumen-
based products for road paving and roofing applications, etc. (Jin et al., 2021). To improve
performance (mechanical, thermal, etc.), styrene-butadiene-styrene (SBS) rubber is often
compounded with other polymers (PP, PS, etc.) and/or other reinforcing agents (TiO»,
SiOy, carbon black, clay, talcum, graphene, CaCOs;, MgCOs, multi-walled carbon
nanotubes-MWCNTSs, fullerene (C60), nanodiamond, etc.) (Bicy et al., 2018; Abdelsalam
et al., 2019; Das et al., 2019; S6nmez et al., 2019; Costa et al., 2014; Perov, 2018).
However, the interaction between the rubber matrix/filler is affected by several factors
such as the chemical/physical interactions between the surface of the filler/polymer
particles, the structure of the filler network, the shape, size, proportion of the filler, etc.
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(Abdelsalam et al., 2019). In the literature, there are no studies on the effect of dolomite
and/or kaolin microparticles functionalized with SiO, and TiO, precursors on the
physical-mechanical, morpho-structural and thermal properties of SBS rubber. Improving
the properties of SBS rubber is of major importance in the industry, as it is used in a wide
range of applications and by using low cost and high availability fillers, improved
properties can be obtained.

MATERIALS AND METODS

Materials

The following raw materials were used for the processing of composites: Styrene-
butadiene-styrene rubber (SBS) - type Eurruber from Tecnofil SME, Italy; Kaolin - calcined
(Snowpaque), with particle size from 2 to 50 um and layer thickness from 13.2 nm to 19.25
nm, purchased from Bridgexim SRL; DOLOFLOR dolomite powder, with the following
composition: CaO - 30-33%, MgO - 18-20%, pH =9.67, neutralization number - 59.55% CaO,
particle size of several tens of um, manufacturer SC CEMROM SA.

Method

Composites based on SBS reinforced with 5g kaolin powder and/or varying amounts
(30-75g) of modified/unmodified dolomite relative to 100g SBS were obtained according
to Table 1.

Table 1. Formulation based on SBS rubber reinforced with modified/unmodified
particles, wt ratio

Sample code / Raw materials SBS 11 12 13 14 15
SBS Rubber 100 100 100 100 100 100
Kaolin - 5 - - - -
Kaolin/10%PDMS - - 5 - - -
Kaolin/10%TiO> - - - 5 - -
Dolomite - 30 - - - -
Dolomite/5%TEOS+5% PDMS - - 30 - - 20
Dolomite/5%TEOS+5% TiO> - - - 30 20 -
Dolomite/10%TiO2 - - - - 55 -
Dolomite/10%PDMS - - - - - 55

The surface of kaolin and dolomite was modified by a methodology similar to the one
described in the article published by Sénmez et al. (2019). Prior to the actual processing on
the Brabender, the first step was assigned to drying the raw materials at 100°C in a hot air
oven for several hours. The second stage consisted of processing the composites on a
Brabender mixer, at 160°C and at different rotational speeds (30 rpm, ~1 minute, and at 130
rpm, ~3 minutes). Depending on the amount of powder added (mixtures 14 and 15), the
processing time increased by 2-3 minutes or until the total and uniform incorporation of the
powders into the SBS mass took place. From the processed mixtures, plates with the size of
150x150x4 mm (length x width x thickness) were obtained in a metal mold, by the hot
compression method. Press processing parameters: the temperature of the platters (upper
and lower) was set at 170°C, preheating and pressing time — 4 minutes, cooling the platters
— 10 minutes. From the resulting composite plates, specimens with standardized dimensions
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and shapes were stamped (dumbbell specimen — tensile strength, elongation at break,
modulus, and from the trouser-type specimen — tear strength was determined), in order to
perform physical-mechanical tests. Following the physical-mechanical determinations, the
tested specimens were used for thermal (DSC-TG) and morpho-structural analyses (SEM,
EDS).

RESULTS AND DISCUSSION

Energy Dispersive Spectroscopy (EDS) and SEM Analysis
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Figure 1. SEM image, EDS spectra and map of: Sample 11 (A, A’ and B); Sample 12
(C, €’ and D) and Sample 13 (E, E’ and F)

Figure 1, image A for sample 11 in which the reinforcing agents are not chemically
modified, kaolin and/or dolomite particles can be observed but also defects (of the order
of tens of pum) due to the detachment of the dispersed phase, which denotes a weak
interaction between phases. In image C of sample 12, due to surface modification, the
large defects visible in sample 11 are not specific, probably due to a better matrix/
reinforcing agent interaction. In sample 13 the morphology changes considerably, the
polyhedral reinforcing agent particles seem to be better embedded in the polymer matrix,
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and the rupture takes place mainly through the SBS matrix. The EDS elemental
distribution (Figure 1, images B, D and F) confirming a good corroboration between the
elements of the dolomite and titanium or silicon elements. The EDS spectra (images A’,
C’ and E’) highlight the presence of component elements in dolomite (mainly Ca, Mg),
kaolin (Al, Si, Fe) (Sénmez et al., 2019) and functionalizing agents (and additionally from
PDMS, and/or silica from TEOS, Ti element).

DSC-TG Thermal Analysis
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Figure 2. Thermal analysis of SBS rubber (left) and Sample 14 (right)

Thermal analysis performed on SBS rubber shows a relatively good stability up to
190°C (0.5% mass loss being caused by the elimination of traces of solvent — endothermic
effect with a minimum of 75.4°C). In the interval 190-250°C there is a mass loss of 2.44%,
accompanied by an exothermic effect with a maximum of 217.6°C, which indicates an
oxidation phenomenon. The main stage of mass loss (78.89%) takes place in the range of
250-490°C and is accompanied in the first part by an exothermic effect with a maximum
of 359°C, then by an endothermic effect generated by breaking some bonds and
eliminating fragments such as C11H12 (1-cyclopentene-1-1yl-benzene). In the range 490-
635°C there is a mass loss of 3.85%, the process being accompanied by two separate
effects with maximums at 494.9 and 611.7°C (both exothermic effects are wide and
asymmetric indicating several overlapping reactions). In principle, in this interval the
residual carbon mass is oxidized. The last stage, between 635-820°C represents an
endothermic decomposition process (mass loss is 5.56% and the minimum effect is at
781.1°C). The residual mass is 8.75% and can most likely be associated with the filler
used in SBS stabilization.

Sample 14 is relatively stable up to 190°C (0.57% mass loss being caused by the
elimination of traces of solvent — endothermic effect with a minimum of 68.9°C). In the
interval 190-250°C there is a mass loss of 2.13%, accompanied by an exothermic effect
with a maximum of 231.5°C, which indicates an oxidation phenomenon. This process
takes place at a slightly higher temperature than in the control SBS sample, indicating that
the incorporation of dolomite has a protective role against this oxidation process. The
main stage of weight loss (42.19%) takes place in the range of 250-470°C and is
accompanied by two exothermic effects, partially overlapping with maximums at 363°C
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and 430.5°C. Basically, the addition of dolomite delays the first oxidation process and
modifies the decomposition mechanism, intervening in this interval a second oxidation
process. In the range 470-625°C there is a mass loss of 6.35%, the process being
accompanied by two separate effects with maximums at 520.6 and 594.4°C (both
exothermic effects are wide and asymmetric indicating several overlapping reactions). In
principle, in this interval the residual carbon mass is oxidized. Although we have less
organic matter, we have more residual carbon mass burned during this time. A possible
explanation is given by the fact that in the previous stage, instead of the elimination of
some large organic molecules, only a partial oxidation took place. The last stage, between
625-860°C, represents an endothermic decomposition process (mass loss is 20.71% and
the minimum effect is at 805.2 and 826.4°C plus a shoulder at a lower temperature). The
endothermic effect is clearly formed by the superposition of at least 3 individual
endothermic effects. The lower temperature shoulder is also associated with the existing
filler in SBS. The other two effects are specific to dolomite. It is normal for the mass loss
at this stage to be higher, because in addition to the decomposition that was present in
SBS, we also have the decomposition of dolomite in the sample. The residual mass is
28.06%, white-gray, consisting mainly of metal oxides. Considering approximately 8%
the residual mass related to SBS and based on the thermal analysis of dolomite (S6nmez
et al., 2020), it can be estimated that the mass of the reinforcing agent is ~40% which is
in accordance with the proposed working method.

Physical-Mechanical Characterisation

Table 2 shows the physical-mechanical values obtained for SBS-based composites
reinforced with kaolin and/or various amounts of dolomite. In the case of mixtures
containing kaolin and modified/unmodified dolomite (samples 11-13) respectively
modified dolomite powder (samples 14-15) tensile strength, presents values with 130,
141, 212, 182 and 94% higher compared to the control sample — SBS. A similar trend was
observed in the case of the module at 300%, elongations at break and tear strength, these
being clearly higher compared to the control test — SBS. This clearly demonstrates that
the modification of the surface of kaolin and/or dolomite with SiO, and TiO; precursors
contributes to the reduction of the surface energy between phases, which leads to a good
compatibility and implicitly to improved mechanical properties.

Table 2. Values of physical-mechanical characteristics of SBS and composites

Symbol /Property SBS 11 12 13 14 15
Hardness, °ShA 60+0.05 80+0.05 85+0.1 89+1 91+0 96+2.1
Tensile strength, 1.2940.13  2.97#0.26  3.11+0.07 4.03£0.08  3.64+0.07 2.5+0.13
N/mm?

Modulus at 300% - 2.87+0 2.89+0.04 4.03+0.08 - 2.23+0.3
Elongation at 120+57.73 320+34.64 340+20 300+0 300+0 360+3
break, %

Tear strength, 8.97+1.84 17.11+0.71 17.79+0.17 21.52+1.15 23+0.01 16+0.19
N/mm

These improved mechanical properties are maintained even at high amounts of
dolomite, compared to the data presented in the literature, where even the addition of 5%
dolomite in PC/ABS reduces tensile strength and elongation at break, and the amounts
between 10-15% almost completely compromise the properties due to the high
susceptibility of dolomite to the phenomenon of agglomeration and void formation
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(Ezenkwa et al., 2019). Similar observations of diminishing elongation at break were also
reported in the case of SBS/nanoCaCQOj3; composites (at a loading degree of only 1-3 phr),
attributed to the restriction of polymer chain mobility (Vahidi and Azizi, 2017).

CONCLUSIONS

Composite materials based on SBS and modified or unmodified kaolin and/or dolomite
were obtained. According to the mechanical properties, it can be concluded that surface
modification of the fillers can bring important improvements especially for tensile and
tear strength. Furthermore, the presence of the filler leads to important thermal
stabilization. These composites can be used for various applications, such as, for instance,
soles for firefighters' footwear.
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With a long tradition in pharmaceutical design, emulsions are functional formulations that can
maintain their adaptive power connected with the new formulation requirements. Hence, this study
proposed preliminary assays concerning the obtaining of natural emulsions for oral administration,
incorporating pumpkin seed oil and hemp seed oil as oil phases, with lecithin as emulsifying agent.
Using emulsification method, O/W and W/O emulsions were prepared and characterized from a
stability point of view considering organoleptic parameters, conductivity properties followed by an
extensive superficial analysis by fitting two different goniometric approaches like contact angle
and pendant drop models. The emulsions obtained were stable, homogeneous, their properties
being reflected by composition. Conductivity values confirmed the type of emulsions, completing
their profile. Superficial analysis revealed that lecithin can sustain a proper stability due to a
variation of surface tension values around 25 mN/m. The mean contact angle values ranging
between 31.87+0.51° and 44.01+5.48° defined an adequate wettability, being correlated with the
internal structure. To conclude, this preliminary study offered important data concerning the
stability of some emulsions for oral delivery, accessing natural biocompatible components. On this
way, it can be created multifunctional systems with nutritional value, but also special vehicles
designed for drug delivery.

Keywords: emulsions, vegetable oils, superficial analysis

INTRODUCTION

Defined as classical coarse dispersions, with multiple applications in pharmaceutical
domain, emulsions are colloidal metastable systems composed of two immiscible
phases, usually an oil and an aqueous phase (Leal-Calderon et al., 2007). The internal
phase will be dispersed in a continuous phase and stabilized ideally with an emulsifier
which is recognized for its contribution to the diminishing of the interfacial tension at
the contact of the two phases being characterized by superficial and electrical properties
(Liu et al., 2020). Simple ternary systems will be resulted, being known as O/W and
WI/O emulsions (Leal-Calderon et al., 2007). Thus, the emulsifier is considered the key
element with a major impact for emulsion stability, by avoiding phase separation
phenomena, influencing the quality profile and the biopharmaceutical properties of the
final formulation (Costa et al., 2019). In this direction, soy lecithin is a natural and safe
biocompatible emulsifier with a high content of phospholipidic fractions, where
phosphatidylcholine is dominant, presenting amphiphilic properties due to the presence
of positive and negative charges (van Hoogevest and Wendel, 2014). It is appreciated
for its stabilization power in emulsion manufacturing, largely selected in the
formulation of oral preparations on a concentration domain between 1-15%, as a
function of each phase concentration and the intended type of emulsion, combined or
not with other emulsifiers (Traynor et al., 2014, Ponphaiboon et al., 2018). To create
multifunctional emulsions, vegetable oils as natural by-products can be considered a
good option in order to ensure the generation of a personalized system, due to their
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biocompatibility and their potential therapeutic outcomes which are studied for
centuries and correlated with the relief of some imbalances of the human body normal
functions (Gorecki et al., 2016). Pumpkin seed oil can be a potent antioxidant due to its
composition based on fatty acids and carotenoids, with physiological effects at cellular
level. Particular actions are found to be appreciated in the cure of the urinary tract
infections with a specific extent on the cure of benign prostatic hyperplasia (Alhakamy
et al., 2019). Being rich in omega-3 and omega-6 fatty acids with a high amount of
vitamin E, hemp seed oil has multiple benefits for human body, based on anti-
inflammatory and antioxidant actions which are implied in the prevention of
cardiovascular disease, metabolic ailments or degenerative disorders (Miculkova et al.,
2017).

Considering these statements, this preliminary study aimed to obtain and evaluate a
group of O/W and W/O emulsions for oral delivery, using lecithin as an emulsifier and
two vegetable oil phases, namely pumpkin seed oil and hemp seed oil. It was observed
the impact of the emulsifier for each type of formulation with repercussions on physical
appearance and stability parameters.

MATERIALS AND METHODS

Materials

Liquid soy lecithin was purchased from Amitex (Amitex Agro Product Private Ltd,
India), organic certified pumpkin seed oil and hemp seed oil were supplied from
NaturalniProdukti.com. Distilled water was used as aqueous phase.

Preparation of O/W and W/O Emulsions

Four formulations, as it can be observed in Table 1, were prepared using 10-50% oil
phase, being distinguished here pumpkin seed oil and hemp seed oil. Water volume was
adapted in order to obtain O/W or W/O emulsions, selecting lecithin 6-10% as an
emulsifier. Using emulsification method, 100 mL of each emulsion were prepared with
respect to the following preparation method: the oil phase was measured in a graduated
cylinder. Lecithin was weighed at the analytical balance, then placed in a proper mortar
and triturated with small amounts of oil phase until the primary emulsion will be
formed. In the last step, the water gently warmed was added in small portions until 100
mL of emulsion were obtained. The obtained emulsions were shortly coded as: E1, E2,
E3 and E4, being further remembered in the present paper.

Table 1. Composition of O/W and W/O emulsions

Pumpkin seed oil Hemp seed oil  Lecithin  Distilled water

Sample (% VAV) @GVh)  mh) (% V)
3 10 - 10 80
E2 i 10 10 80
E3 50 - 6 44
E4 i 50 6 44

Organoleptic Analysis

The organoleptic analysis was performed after preparation and over seven days. In
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this case, for each formulation were followed characteristics like appearance,
consistency, fluidity, homogeneity, color and the presence of instability clues like phase
separation. The dilution test was realized to confirm structural modifications in the
internal structure of emulsions considering two ratios of dilution 1:4 and 1:10 which
were compared with the primary system.

Conductometry Analysis

Conductivity analysis was carried out using Consort C931 conductivity meter (De
Bruyne Instruments, Belgium) designed as a multifunctional platform which was
planned for various determinations, being equipped with a platinum electrode calibrated
with a saline potassium chloride solution. The determinations were performed in
triplicate.

Evaluation of Superficial Properties

For the evaluation of superficial properties considering the free superficial energy
and contact angle measurements, CAM-101 apparatus, equipped with a Hamilton
syringe and a C 209-30 needle was used (KSV Instruments Ltd., Finland). Young
equation was fitted with two models of analysis: the contact angle (CA) and pedant drop
methods. The measurements were performed in triplicate.

RESULTS AND DISCUSSION

The O/W emulsions formulated with pumpkin seed oil and hemp seed oil were kept
their stability over a week from the preparation time. It was observed a homogeneous
appearance with a semi-fluid structure which was correlated with the composition of the
systems. The yellow color was specific and attributed to the components: the oil phase
and the emulsifier. It can be mentioned that O/W emulsion with pumpkin seed oil had
an intense color than one with hemp seed oil and can be associated with its composition
rich in carotenoids. On the other hand, the W/O systems had similar characteristics,
considering the aspect and the color parameters, excepting their consistency which was
highly viscous and correlated with an elevated amount of oil phase of 50% which was
also responsible for some oxidative phenomena visualized in the superior portion of the
vials. In the formulation process for future studies, the attention must be awarded to the
addition of proper antioxidants.

After the completion of dilution test, were obtained several data about structural
behaviour of O/W and W/O emulsions, offering preliminary information that were
correlated with the future experimental results. Thus, it was observed that O/W
emulsions E1 and E2 exhibited a good stability after the addition of water fractions. The
color intensity was slightly yellow without an intense appearance. No phase separation
was observed and the homogeneity was proper. On the opposite, in the case of W/O
emulsions, was noted an initiation of phase separation after several minutes of
examination, thus, these systems are more susceptible to experience instability events.

Conductivity evaluation is essential for internal structure analysis of fluid colloidal
dispersions. On this way, according to Table 2, was confirmed the emulsion type for
each sample, obtaining the mean values of conductivity (uS/cm), after samples
measuring in triplicate, at 25°C at 7 and 14 days after preparation, the values being
between 397.66-1081.00 uS/cm and 604.00-1326.66 uS/cm, respectively. An increase
in conductivity after 800 uS/cm was specific for O/W emulsions E1 and E2 which
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contained a high amount of aqueous phase of 80%, while the inversed type represented
by E3 and E4 had lower values being correlated with the incorporation of a large
concentration of oil phase.

Table 2. Conductivity values for the O/W and W/O emulsions prepared with pumpkin
seed oil and hemp seed oil tested at 25°C and mean values + SD at 7 days and 14 days
from preparation time

Mean values of Mean values of

Emulsion  conductivity +SD (uS/cm)  conductivity =SD (uS/cm) E”:“'S'O"
after 7 days after 14 days ype
El 934.66+1.59 1111.00+10.00 oW
E2 1081.00+4.58 1326.66210.40 ow
E3 397.66+5.13 712.33+6.42 W/O
E4 401.00+2.64 604.00+19.15 W/O

It is important to note that the inclusion of lecithin as an emulsifier will influence the
conductivity due to its amphiphilic structure, with cationic and anionic charges. Thus,
the main components that will influence the electrical properties of the emulsions are
water molecules and the emulsifier.

Considering the superficial properties, the formulated emulsions E1, E2, E3 and E4
were analysed by applying goniometric principles. The superficial tension was
determined using the equation Young (Popa et al., 2013):

Ysg =YsL +YLG '€C0SO (1)

The equation was correlated with two representative models that can offer valuable
information considering the surface properties and peculiarities of the internal structure
for both O/W and W/O emulsions: the pendant drop and contact angle models. Thus, in
Table 3, are presented results specific for both types of determinations, while in Figure
1, it can be depicted a variation of mean superficial tension values in time (9 s) for each
emulsion and also the variation of the mean values of contact angle in time (4 s). The
mean values of surface tension had a similarity over the analysis for both type of
emulsions, being a mark of their stability. It can be considered that lecithin as a potent
emulsifier will create at the oil/water interface a monomolecular layer with the aim to
decrease the interfacial tension, forming an electrical barrier that keeps the particles
dispersed in the continuous medium.

Table 3. Results of the mean values £SD after superficial assays for O/W and W/O
emulsions prepared with vegetable oils and lecithin

Surface tension Surface tension Contact
Emulsion Stm (MN/m) Stm (MN/m) angle
Pendant drop model  Contact angle model @)
El 25.14+0.97 32.2145.11 40.46+4.89
E2 23.46%0.60 24.40£2.88 32.05£2.01
E3 23.32+0.37 25.23+£2.92 31.87+0.51
E4 25.35+2.34 26.69+2.53 44.01+5.48
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Figure 1. Graphical representations for superficial parameters:
a) Cumulative profiles showing the variation of superficial tension (mN/m) versus
time (s) for O/W and W/O emulsions E1, E2, E3 and E4
b) Cumulative profiles showing the variation of contact angle for O/W and W/O
emulsions expressed as mean contact angle (°) as a function of time (s)

The contact angle model applied in the case of each emulsion, gave information
concerning the wettability properties, exploring the hydrophilic or hydrophobic
behaviour of O/W and W/O formulations. Using this model, in Figure 2 are proposed a
series of determinations with the most representative results, where it can be observed
that the O/W emulsions E1 and E2 are characterized by a high wettability, being
observed changes in the contact angle value on a period of 4 seconds. In the case of E2,
where the contact angle keeps it value around 35°, wasn’t observed major changes. In
the case of W/O emulsions E3 and E4 with 50% oil phase, a slightly hydrophobic
character of the droplets was dominant for E4, with significant modifications of
hysteresis from 55.69° to 28.40°. Considering the placement of contact angle values in
the domain of 0-90° for each formulation it was experienced an incomplete wettability,
being deducted that the adhesion forces at the solid surface are superior than cohesion
ones, but not as powerful to generate a complete wettability to reach a 0° contact angle.
As a final note, the hydrophilicity will be increased for the emulsions in the following
order, from the most hydrophobic through the most hydrophilic structures:
E4>E1>E2>E3.
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a) b) c) d)

Figure 2. Pendant drops and evolution of contact angle for O/W and W/O emulsions
from 1 s to 4 s: case a) contact angle variation for emulsion E1 with pumpkin oil; b)
contact angle variation for emulsion E2 with hemp seed oil; ¢) contact angle variation
for emulsion E3 with pumpkin seed oil, and d) contact angle variation for emulsion E4
with hemp seed oil
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CONCLUSIONS

It can be appreciated that the emulsions prepared with vegetable oils are functional
colloidal dispersions with a complex pattern which was analysed in the present
preliminary study. In this direction, were obtained stable, homogeneous systems, with a
proper appearance which was correlated with the composition. O/W emulsions had a
superior stability than W/O type, due to a large amount of lecithin selected in the
formulation. The conductivity evaluation confirmed the type of each emulsion. The
results of superficial analysis proved the lecithin influence in the diminishing of surface
tension, in order to promote stable systems, as well as the wettability behaviour which
was characterized by contact angles under 90°, exhibiting the dynamics occurred
between hydrophilic and hydrophobic forces at a solid surface. Based on their
properties, the designed emulsions can be attractive systems with biocompatible
components for oral administration, being a suitable option for drug formulation.
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Lemon balm (Melissa officinalis L.) belongs to the Lamiaceae family. Essential oil extracted from
the aerial parts of lemon balm has been investigated for the protection of fruits during storage, as
insecticidal, as well as in medicine, due to its bioactive properties. In this paper, the composition
and identification of components from Melissa officinalis L. essential oil were determined by gas
chromatography coupled with mass spectrophotometry (GC/MS) analysis. Total phenol content
(TPC) and the scavenging activity towards 2,2-diphenyl-1-picrylhydrazyl (DPPH*) and 2,2"-azino-
bis (3-ethylbenzthiazoline)-6-sulfonic acid (ABTS*) free radicals were evaluated by UV-VIS
spectrometry. Antibacterial activities were carried out against Staphylococcus aureus, Escherichia
coli and Klebsiella pneumoniae. Seventeen bioactive compounds were found as constituents of
Melissa officinalis L. essential oil, among which o-cymene (19.735%), dehydro-p-cymene
(17.180%), and limonene (11.589%) were found as the major components. Attenuated total
reflectance Fourier transform infrared spectroscopy (ATR-FT-IR) provided a confirmation for the
chemical components of lemon balm essential oil identified by GC/MS. The values recorded for
TPC and antioxidant activity were as follows: 54.72 mg GAE/g dry substance, 28.53% for DPPH,
and 46.17% for ABTS assays, respectively. 100 pL lemon balm essential oil proved total
antibacterial activity against the tested microorganisms. The results showed that the Melissa
officinalis L. may be a good candidate as plant-derived antioxidant and antibacterial agent for
medical footwear, wound dressings and other medical applications.

Keywords: Melissa officinalis L., bioactive compounds, antioxidant activity, antibacterial activity

INTRODUCTION

Lemon balm (Melissa officinalis L.) belongs to the Lamiaceae family. Melissa
officinalis essential oil is characterized by a fresh, lemon aroma, slightly sweet,color
pale yellow and a watery viscosity. Lemon balm oil soothes and has excellent qualities
in combating depression. It has a sedative effect, helps in cases of panic, slow down the
heartbeat, lowers blood pressure and is a good tonic for the heart. The monoterpene
oxygenated and sesquiterpenes were found as the major components of M. officinalis
essential oil (Ghasemi Pirbalouti et al., 2019). Antimicrobial and antioxidant activities
of M. officinalis essential oil can be attributed to its polyphenol compounds. These
natural antioxidants are responsible for reactive oxygen species (ROS) scavenging
capacity (Lin et al., 2012). In a study performed by Anastasaki et al. (2017) it was
shown that the total phenol content (TPC) depends on the extraction solvent used in the
maceration technique. Thus, in the case of plant extract with petroleum ether, the TPC
was found 0.30 + 0.03 mg of Gallic acid equivalent (GAE) per g of dry plant weight
(dw), and 64.29 + 5.70 mg/g GAE/g by using of methanol as extraction medium.
Essential oil extracted from aerial parts of lemon balm has been investigated
fortheprotection of fruits during storage (El Ouadi et al., 2017), as insecticidal (Ghasemi
Pirbalouti et al., 2019), as well as in medicine (Lin et al., 2012), due to its bioactive
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Antibacterial and Antioxidant Activities of Lemon Balm (Melissa officinalis L.)
Essential Oil

properties. However, M. officinalis essential oil administered in doses higher than
1 gkg ! produced acute oral toxicity in rat model (Stojanovi¢ et al., 2019). M. officinalis
essential oil (0, 0.25 and 0.5% (w/v)) together with chitosan and zinc oxide have been
used for the preparation of antimicrobial biodegradable composite film having food
packaging application, due to the good antimicrobial activity against E. coli, antioxidant
activity and mechanical properties (Sani et al., 2019).

MATERIALS AND METHODS

Material

Lemon balm (Melissa officinalis L.) essential oil was acquired from Solaris Plant
SRL-Radix (Darmstadt, Germany). Cotton material was used for impregnation with
different concentrations of essential oils in order to simulate the footwear lining or
bandages. Other chemical reagents for analysis were analytical grade.

Methods

Preparation of Tested Materials

Discs of cotton samples (20 mm diameter cotton discs, three for each sample) were
treated with different amounts of lemon balm essential oil: 30 pL, 50 pL, and 100 pL,
labeled as BBCR3, BBCRsy, and BBCRigo, respectively. Cotton samples without
essential oil were used as control.

GC/MS Analysis

In order to determine the bioactive compounds from lemon balm essential oil, a
Thermo Scientific gas chromatograph coupled with mass spectrometer, DSQ Il MS,
equipped with TR-5 MS non-polar capillary column (60 m x 0.25 um x 0.25 um) was
used. The temperature was set in the range between room temperature to 350°C, heating
rate was programmable between 0.1 and 120°C/min, temperature of split/splitless
injector was in the range of 50°C and 375°C, and pneumatic control system of
pressure/carrying helium gas flow was of 5%.

ATR-FTIR Spectroscopy

ATR-FTIR analysis was performed with a FT-IR/ATR spectrometer-Jasco 4200
operating in the range of 4000 to 600 cm, with a spectral resolution of 0.5 cm™.

Determination of Total Phenol Content (TPC)

The total phenol content was determined using Folin-Ciocalteu method. To 0.5 mL
of the sample, 3.6 mL H,0, and 0.24 mL Folin-Ciocalteu reagent were added. After 5
min, 0.68 mL of 7.5% Na,CO; were added and the resulted solution was mixed and
allowed to stand for 30 min at 40°C. The absorbance at 750 nm was measured using a
UV-Vis spectrophotometer, and calculated based on a calibration curve with Gallic acid
(0-500 mg/mL, R? = 0.995) previously established. The total phenol content was
expressed as Gallic acid equivalent (GAE) in mg/g of dry weight.
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DPPH Radical-Scavenging Activity

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging activity was
evaluated using the method proposed by Sharma et al. (2017). 2.5 mL of DPPH solution
(100 uM obtained by dissolving in ethanol) was added to 500 pL of sample
(concentration of 60 mg/mL). The mixture resulted was shaken vigorously and kept in
the dark for 30 min at room temperature. The decrease in absorbance of the analyzed
solution at 517 nm was monitored using an UV-Vis spectrophotometer. Radical
scavenging antioxidant activity of sample was calculated according to the equation:

DPPH free radical scavenging activity (%) = [(Ac- As)/Ac]x 100 Q)
where: Ac — absorbance of control, As —absorbance of sample.

ABTS Free Radical Scavenging Assay

The experiment was carried out using an improved ABTS discoloring assay (Huang
et al., 2017). The 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonate) radical cation
(ABTS**) was produced by reacting 7 mM stock solution of ABTS with 2.45 mM
potassium persulphate and allowing the mixture to stand in the dark for at least 16 h at
room temperature prior to use. The ABTS** solution was diluted to an absorbance of 0.7
+ 0.05 at 750 nm. 140 pL of essential oil (60 mg/mL) were mixed with 4 mL ABTS*
solution and kept in the dark, at room temperature for 6 min. The affinity of essential oil
to quench ABTS free radical was evaluated according to the following equation:

ABTS free radical scavenging activity (%) = [(Ac— As) / Ag)] x 100 2

where: Ac — absorbance of control, As —absorbance of sample.
All the experiments were carried out in triplicates (n = 3) for each sample and mean
average values with standard deviation (£SD) were reported.

Microbiological Analyses

Microbiological analyses were performed according to 1SO 20743:2013, Textiles —
Determination of antibacterial activity of textile products, the absorption method.

RESULTS AND DISCUSSIONS

The composition and bioactive compounds from lemon balm essential oil were
determined by GC-MS analysis. The major compounds found in lemon balm essential
oil were (% of area): 19.735% of o-cymene, 17.180% of dehydro-p-cymene and
11.589% of limonene. In this study, seventeen bioactive compounds were detected as
constituents of Melissa officinalis essential oil representing more than 50% of the
composition. El Ouadi et al. (2017) reported the P-mentha-1,2,3-triol (13.1%), P-menth-
3-en-8-ol (8.8%), piperitenone oxide (8.4%) and Z-piperitone oxide (7.3%) as the main
compounds identified in M. officinalis essential oil. A comparison of our results with
the previous reports (Ghasemi Pirbalouti et al., 2019; Stojanovi¢ et al., 2019) evidenced
some differences in the volatile composition of the plant assigned to the geographic
origin of the plant sample, methods of extraction, and environmental factors.

The ATR-FTIR spectrum showed in Figure 1 reveals the spectral bands at: 2920 cm™,
2857 cm™ (aliphatic C-H), 1727 cm, 1673 cm, 1632 cm™, 1444 cm™ (C=C stretching
vibration of the aromatic ring from p-cymene), 1379 cm™ (isopropyl methyl group
symmetric bending vibration), 1232 cm™* (C-O-C stretching), 1191 cm, 1154 cm™,
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1118 cm? (CHs deformations), 1022 cm?, 985 cm™ (para-substituted phenyl)
(Valderrama and Rojas De, 2017), 885 cm™, 841 cm™ (C-H bend pattern from dehydro-
p-cymene and limonene), 743 cm™, (aromatic C-H out-of-plane bend from o-cymene).

4000

Figure 1. ATR-FTIR spectrum of Melissa officinalis essential oil
The M. officinalis essential oil was evaluated for the total phenol content and

antioxidant activities by using DPPH and ABTS radical scavenging bioassays. The
results are shown in Table 1.

Table 1. TPC and the radical scavenging activity results for M. officinalis essential oil

TPC DPPH free radical ABTS free radical
(mg GAE/g dry substance)  scavenging activity (%) scavenging activity (%)
54.72+4.8 28.53+5.4 46.17+4.7

The results from Table 1 prove the potential of M. officinalis essential oil to be used as
antioxidant agent. The total phenol content is comparable with similar reported values for
extracts in petroleum ether (Lin et al., 2012; Anastasaki et al., 2017). Antibacterial
properties were performed against Staphylococcus aureus ATCC 6538 (Table 2),
Escherichia coli ATCC 10536 (Table 3) and Klebsiella pneumonia ATCC 4352 (Table 4).

Table 2. Resistance against Staphylococcus aureus of cotton samples treated with M.
officinalis essential oil

Sample Images To(UFC/mL) T2 (UFC/mL) R (%) Logwo
Inoculum 1x10° - - -
concentration

Control 1x10° 1.115x10° 98.88 1.95
BBCR30 1x10° 3.5x102 99.65 3.46
BBCRso 1x10° 1.6x10! 99.98 3.79
BBCRi0o 1x10° 4 100 4.4
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Table 3. Resistance against Escherichia coli of cotton samples treated with M.
officinalis essential oil

Sample Images To(UFC/mL)  Taa (UFC/mL) R (%) Logio
Inoculum 1x10° - - -
concentration

Control 1x10° 1.12x103 98.88 1.96
BBCR3o 1x10° 5.44x10? 99.46 2.26
BBCRso 1x10° 1.6x10! 99.98 3.79
BBCR10o 1x10° 1 100 5

Table 4. Resistance against Klebsiella pneumonia of cotton samples treated with M.
officinalis essential oil

Sample To (UFC/mL) T24 (UFC/mL) R (%) Logwo
Inoculum 1x10° - - -
concentration

Control 1x10° 7.2x102 99.2 2.14
BBCR30 1x10° 7x10! 99.93 3.15
BBCRso 1x10° 2.4x10* 99.98 3.62
BBCR100 1x10° 0 100 5

The results from Tables 2-4 showed that the cotton samples treated with 100 pL
lemon balm essential oil have 100% resistance against Staphylococcus aureus,
Escherichia coli and Klebsiella pneumonia.

CONCLUSION

Melissa officinalis L. essential oil was investigated for its antioxidant by TPC,
DPPH and ABTS methods and showed 54.72 mg GAE/g dry substance, 28.53% for
DPPH, and 46.17% for ABTS assays, respectively. The antibacterial activity tested
against Staphylococcus aureus, Escherichia coli and Klebsiella pneumonia on cotton
samples treated with different concentrations of essential oil proved 100% UFC
reduction for samples treated with 100 pL of essential oil. The main bioactive
compounds detected by GC-MS, o-cymene, dehydro-p-cymene and limonene are
responsible for the high antioxidant and antibacterial activities. Melissa officinalis L.
essential oil could be used as potential bioactive agent for medical footwear, wound
dressings and other medical applications.
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Keratin is a fibrous protein abundant in nature, being the component of wool, hair, hooves, horns,
feathers, and claws. Keratin is one of the most valuable natural biopolymers due to its chemical
versatility and biological performance. At the molecular level, keratin is distinguished from other
biopolymers by its high concentration of cysteine-containing sulfur. Two keratin hydrolysate
batches were obtained in alkaline medium, at a constant concentration of 8% NaOH and 75°C
(KerNa87s), 85°C (KerNa8gs), and 95°C (KerNa8gs), and at a fixed temperature of 99°C and
different concentrations of NaOH, i.e. 3% (KerNa3g), 5% (KerNabSg), and 8% (KerNa8g),
respectively. Physical-chemical analyses showed that the protein content ranging between 83.60%
for KerNa8ss and 88.88% for KerNa3g, while the total nitrogen was found 13.83% and 14.67% in
the case of KerNa8;s and KerNa3gg, respectively. Dynamic light scattering analysis showed that
the particle sizes decreased with the increased concentration in the reaction medium. The average
particle size was between 1352 nm and 1771 nm for the samples obtained at a temperature of 99°C
and with lower values between 463.3 nm and 571.6 nm for the samples obtained with 8% NaOH.
The Fourier transform infrared (FT-IR) spectra evidenced the specific bands of keratin-specific
proteins and sulfur compounds. Experiments were also performed to evaluate the antioxidant
activity and the growth of Tamino and Mirastar wheat plants by applying the treatments with 3%
and 5% concentrations of KerNa8gs 0n wheat seeds. These experiments showed an improvement in
the wheat plant growth during 10 days of observation compared to control sample. The results
recommend the potential use for keratin hydrolysates in the medical, pharmaceutical, cosmetics
fields, and also as fertilizers in agriculture.

Keywords: keratin hydrolysates, alkaline hydrolysis, keratin properties

INTRODUCTION

Keratin is one of the most valuable natural biomaterials due to its chemical
versatility and biological performance (Rapa et al., 2020). Keratin is an abundant
fibrous protein in nature being the component of wool, hair, horns hooves, feathers,
claws and epithelial cells (Rapa et al., 2020; Aluigi et al., 2013). At the molecular level,
the keratin is distinguished from other proteins (such as fibroin or collagen) by high
concentration of cysteine - containing sulfur (7-20% of the total amino acid residues)
(Hearle, 2000; Seghir et al., 2020). Cysteine residues are present in oxidized form of
cystine residues, characterized by covalent disulfide bonds, which gives the mechanical,
thermal stability and chemistry properties (Brandelli, 2008; Feughelman, 2002). In
particular, keratins extracted from wool can be classified into two groups: proteins with
intermediate filaments and matrix proteins. Intermediate filament proteins have low
sulfur keratins with molecular weights in the range of 40-60 kDa and a-helix structure.
Matrix proteins are keratin with a lot of sulfur, and molecular weights in the range of
11-26 kDa. Matrix keratins surround keratins in proteins with intermediate filaments
and interact with them through intermolecular disulfide bonds (Plowman, 2003).
Keratins extracted from wool are biodegradable (Yamauchi et al., 1996), support
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growth and adhesion of fibroblasts (Tachibana et al., 2002) and osteoblasts (Tachibana
et al., 2005). Keratin is a structural protein with interesting properties in terms of
biocompatibility and an absorbent ability for heavy metal ions and volatile organic
compounds (Rapa et al., 2020). Keratin is an ideal biopolymer for wound healing due to
the amino acid sequence that induces cell adhesion, mitogenic and chemotactic activity
and mediates changes in gene expression (Réapa et al., 2020). The development of
techniques for the efficient production of biomass from poultry farming or sheep
breeding for keratin extraction should prove to be very useful for the sustainable
management of huge waste. Denaturation techniques, such as methods based on
reduction (Zeng and Lu, 2014), oxidation (Brown et al., 2016) and enzymatic
hydrolysis and ionic liquids (Rajabinejad et al., 2018) are benchmarks for obtaining
good yields and soluble keratin (Hearle, 2000).

In this paper we aimed to modify the properties of some keratin hydrolysates
obtained by alkaline extraction under the influence of temperature and concentration
variation of the working environment. Experiments were also performed to evaluate the
antioxidant activity and bioactive properties by assessing the growth of Tamino and
Mirastar wheat plants by applying the treatments with 3% and 5% concentrations of
KerNa8ago.

MATERIALS AND METHODS

Materials

Pearl sodium hydroxide (NaOH) was acquired from Lachner, Neratovice, Czech
Republic. Sheep wool was purchased from local sheep farmers. The other materials are
analytical grade.

Methods

Extraction of Keratin Hydrolysate

Keratin hydrolysate was obtained by alkaline hydrolysis with NaOH. Two series of
keratins were obtained by varying the temperature or concentration during the
production process. Alkaline hydrolysis was made with mechanical stirring for 3h. The
first batch of keratins was obtained at constant temperature of 99°C and different
concentrations of NaOH: 3% (KerNa3g), 5% (KerNabgg) and 8% (KerNa8gg) (w/w).
The second batch of keratins was obtained at a constant concentration of NaOH 8%
(w/w) and modified temperatures, i.e. 75°C (KerNa8s), 85°C (KerNa8gs), and 95°C
(KerNa8gs).

Characterization of Keratin Hydrolysates

The physical-chemical characteristics for keratin hydrolysates obtained were analyzed
according to the standardized and in-house methods: SR EN ISO 4684:2006 (dry matter),
SR EN ISO 4047:2008 (ash content), SR 1SO 5397:1996 (total nitrogen content and
protein). The size particles and zeta potential of keratins were measured by Dynamic light
scattering (DLS) technique with Zetasizer Nano-ZS device from Malvern (Malvern Hills,
UK). The results of the analyses are expressed as the average values of three
determinations. ATR-FT-IR analysis was performed with a FT-IR/ATR spectrometer -
Jasco 4200 operating in the range of 4000 to 550 cm%, with spectral resolution of 0.5 cm™.
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The antioxidant activity by 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis (3-
ethylbenzthiazoline)-6-sulfonic acid (ABTS™) free radicals for KerNa8y was also
determined by measuring the maximum absorbance recorded at 517 nm and 750 nm,
respectively. Experiments were also performed to evaluate the growth of Tamino and
Mirastar wheat plants by applying the treatments with KerNa8gg at two concentrations of
3% and 5% over a period of 10 days. Three samples were prepared for each wheat type
consisted of 10 seeds: a control sample treated with water, a sample treated with 3%
KerNa8gs and a sample treated with 5% KerNa8qg.

RESULTS AND DISCUSSIONS

The main physical-chemical characteristics of keratins hydrolysate extracts obtained
with 3%, 5% and 8% solution of NaOH and constant temperature at 99°C are shown in
table 1.

Table 1. Physical-chemical characteristics of KerNa3ge, KerNa5gs and KerNa8gg
hydrolysate extracts

Characteristics KerNa3gs KerNabgs KerNa8oo
Dry matter (%) 10.70 11.75 12.60
Ash (%)* 8.32 11.40 11.03
Total nitrogen (%)* 14.67 13.96 13.89
Protein content (%)* 88.88 84.60 84.21
pH (units of pH) 10.31 10.34 10.77

* Values reported at dry substance

The keratin hydrolysates obtained have values from 13.89% to 14.67% for total
nitrogen content and between 84.21% and 88.88% for the protein content and the dry
matter content increased from 10.70% to 12.60% with the increasing of concentration in
the reaction medium (table 1).

Table 2. Particle sizes and zeta potential of KerNa3ge, KerNabgg and KerNa8gg
hydrolysate extracts

Keratin Particle populations (%) and size (nm) Average, Pdl Zeta
hydrolysate Majority Majority Majority d, nm potential,
population 1 population 2 population 3 mV
Size % Size % Size %
KerNa3g9 446 271 2111 50 4723 229 1358 0.744 -11
KerNa5gg 1173 115 798.6 885 - - 1697 0.993 -12.1
KerNa8gy 142.9 6.7 614 73.4 5497 19.9 1771 1 -12.7

As the concentration of NaOH increased from 3% to 8%, the size of the constituent
nanoparticles decreases in the keratin hydrolysate extraction medium (Table 2) due to
the increase of the degree of hydrolysis of keratin chains. DLS analysis of keratin
hydrolysates shows the presence of majority populations starting from 117.3 nm
(11.5%) for KerNabgy, 142.9 nm (6.7%) for KerNa8y, and 446 nm (27.1%) for
KerNa3gg to 5497 nm (19.9%) for KerNa8gy. The zeta potential was between -11 mV for
KerNa3gs and -12.7 mV for KerNa8g (Table 2). The main physical-chemical
characteristics of keratin hydrolysate extracts obtained at 8% NaOH and temperatures of
75°C, 85°C, and 95°C are shown in table 3.
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Table 3. Physical-chemical characteristics of KerNa87s, KerNa8ss and KerNa8gs
hydrolysate extracts

Characteristics KerNa87s KerNa8gs KerNa8gs
Dry matter (%) 3.11 4.25 4.74
Ash (%)* 15.11 11.53 10.97
Total nitrogen (%)* 13.83 14.35 14.56
Protein content (%)* 83.60 87.06 88.19
pH (units of pH) 11.93 11.42 10.61

* Values reported at dry substance

The keratin hydrolysates obtained with 8% NaOH and different temperatures
showed an increase of the total nitrogen values from 13.83% in the case of KerNa8s to
14.56% in the case of KerNa8gs and of the protein substance from 83.60% in KerNa8:s
to 88.19% in KerNa8gs (table 3).

Table 4. Particle sizes and zeta potential of KerNa8s, KerNa8gs and KerNa8gs
hydrolysate extracts

Keratin Particle populations (%) and size (nm) Average, Pdi Zeta
hydrolysate Majority Majority Majority d, nm potential,
population 1 population 2 population 3 mV
Size % Size % Size %
KerNa87s 9351 9.2 5103 793 5062 115 463.3 0.682 -18.9
KerNa8ss 96.17 103 590.8 76.7 5146 13 563.1 0.760 -18.3
KerNa8gs 73.66 8.3 541.8 81.6 5320 10 571.6 0.796 -17.1

Particle size measurement shows values from 73.66 nm (8.3%) in KerNa8¢s and
96.17 nm (10.3%) in KerNa8ss to 510.3 nm (79.3) in KerNa87s and 590.8 nm (76.7%)
in KerNa8ss to 5062 nm (11.5%) in KerNa87s and 5320 nm (10%) in KerNa8¢s. The
potential zeta values were between -17.1mV at KerNa8gs to -18.9 mV for KerNa8s
(table 4).

)

(b)

Figure 1. ATR-FTIR spectra for: KerNa3ge, KerNaSge, and KerNa8gs (a) and KerNa8ys,
KerNa8gs, KerNa8gs (b) compared with the spectrum of sheep wool

The ATR-FTIR spectra showed in Figure 1 (a,b) the spectral bands specific to
proteins and sulfur compounds resulting from the hydrolysis process by breaking the S-
S bonds of cystine (Khosa and Ullah, 2014). Keratin is easier to break into smaller
specific fragments after breaking these S-S bonds between macromolecular chains
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(Pavia et al., 2008). The spectral band from 3280-3274 cm™ can be attributed to the
stretching vibration of -O-H and -N-H (Amide A) (Mohanty et al., 2005). The
absorption peak around 2960 cm™ is attributed to the asymmetric extent of -CH,-
(Amide B). The specific band from 1630-1637 cm™ is assigned to the extension of -
C=0 (Amide I). The absorption peaks between 1517-1549 cm™ and 1242-1237 cm™
correspond to the N-H band coupled to the C-H (Amide I1) range and the C-H (Amide
I11) range, respectively. The absorption bands at 670 cm * and 578-541 cm™ can be
attributed to the extension of the C-S bond and the S-S bond, as well as to the
deformation of the C-C bond corresponding to keratin specific sulfur compounds.

KerNa8q hydrolysate extract showed antioxidant activity measured by DPPH method
of 23.65+1.4% and by ABTS method of 99.86+2.0%. The values are similar with feather
origin keratin hydrolysates with 0.2 mg/mL concentration (Oluba et al., 2019).

KerNa8g was selected to treat the wheat seeds because this type has a higher value for
dry matter (12.60%) and important protein content (84.21%). Tamino wheat treated with
both concentrations of KerNa8yg increased more than the control sample and Mirastar
wheat treated with 5% KerNa8gyg increased more compared to the control sample in the 10
days of the experiment. Tamino wheat increased in length by 44.3% in the case of
treatment with 3% KerNa8g and by 19.9% when it was treated with 5% KerNa8gy
compared to the control sample (figure 2). Mirastar wheat seeds grew less, with 25.49%
for treatment with 3% KerNa8gy compared to the control sample, while in the case of 5%
KerNa8ys it increased by 50.3% compared to water treated seeds (figure 3).
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CONCLUSION

Two keratin hydrolysate batches were obtained from sheep wool by alkaline
hydrolysis at different concentrations and temperatures of the reaction medium. The
physical-chemical characteristics of the keratins showed values of the protein substance
between 84.21% and 88.88% corresponding to total nitrogen content of 13.83% and
14.67%. Particle size measurements showed a decrease in particle size with increasing
concentration of the reaction medium. The ATR-FTIR spectra showed spectral bands
specific to proteins and sulfur compounds from keratin. KerNa8gg hydrolysate extract
had the highest antioxidant activity, due to the highest level of hydrolysis. Experiments
performed on growth Tamino and Mirastar wheat plants by applying 5% KerNa8gg
treatments showed an improvement in the wheat plant growth in first 10 days of
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observation compared with control sample. Keratin hydrolysates can be used in the
medical, pharmaceutical, cosmetics fields, and also as fertilizers in agriculture.
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In tanneries, environmental problems have special implications in terms of optimizing the
consumption of used chemicals, applied technologies, the degree of recovery of useful substances
from leather waste. Biodegradation is the process by which organic substances are broken down
by microorganisms. From an ecological point of view, biodegradability assessments of new
materials and compounds in the industry are essential to understand and quantify their impact on
the environment. The sustainable development of the leather industry has focused on major
environmental issues, such as clean production methods and waste management. Tanneries
generate huge quantities of solid wastes as pelt waste. If these bio-waste materials are not utilized
properly, they are potential source of pollution. Microbiological degradation of pelt waste is
amongst the permanent concerns of leather processing units. The process may have the purpose of
decomposing waste to exploit by-products as biocompost or to obtain proteases through a
biotechnological process. These enzymes can be used after purification in various processes that
have animal protein as a substrate. They can also be used in raw state for enzymatic hydrolysis.
The paper aims at development of an experimental model on the bioenzymatic degradation process
of protein waste from tanneries.

Keywords: tanneries, pelt waste, enzymes.

INTRODUCTION

Tanneries generate huge quantities of solid wastes as fleshings. If these bio-waste
materials are not utilized properly, they are potential source of pollution. Leather has a
complex composition comprising collagen, keratin, elastin, albumins and globulins
(Sundar et al., 2017). Each of these compounds can be degraded under certain
environmental conditions (temperature, humidity, pH, O, concentration) under the
action of enzyme complexes synthesized by a variety of microorganisms (bacteria and
fungi). Leather waste degradation occurs by means of proteolytic enzymes (Tang et al.,
2021).

Worldwide research for leather waste recycling is aimed at obtaining protein
composites, through biochemical treatments with microorganisms/enzymes and
obtaining hydrolyzed proteins and biocomposites for various uses in forestry. Currently,
the entire amount of solid waste resulting from leather processing is deposited in the
landfill, leading to the accumulation of chemicals in the soil, with possible negative
effects on the ecosystems (Thankaswamy et al., 2018).

Microbiological degradation of pelt waste is amongst the permanent concerns of
leather processing units. Microorganisms (fungi and bacteria) play an important role in
solving these problems (Constantinescu et al., 2015).

Molds or filamentous fungi are eukaryotic spore-forming microorganisms, feeding
by absorption, easily adaptable, because they have the ability to form induced enzymes
depending on the nature of the substrate they are found, causing degradation (Rangel
Serrano et al., 2003).

Enzymes are organic substances, generally proteins, known like biocatalyst to
multiples chemicals reactions and are commercially exploited in detergent, food,
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pharmaceutical, diagnostics and fine chemicals industry. They are between the more
notable biomolecules due their extraordinary specificity and catalytic power, which are
higher that the catalytic power of catalyst produced by man (Gupta et al., 2019).

The main enzymes that are of interest to the leather industry are as follows:

- Proteases because they hydrolyze the protein fraction of dermatan sulfate, making
the collagen more accessible to water and reducing the attachment of the basal layer. In
addition, they act in the removal of globular proteins;

- Lipases, which hydrolyze fats, oils and greases present in the hypoderm;

- Keratinases, which hydrolyze the keratin of hair and epidermis and break down the
disulfide bonds of this molecule (Hussain et al., 2020).

Most degradations found on leather waste are due to the action of fungi, a
microorganism group very rich in enzymes. The following strains have been identified:
Penicillium chrysogenum, P. rugulosum, P. brevicompactum, P. luteum, P. decubens, P.
aculeatum, P. funiculosum, Aspergillus niger, A. fumigatus, A. ochraceus, A. ventii, A.
flavus, A. oryzae, Mucor mucedo, Rhizopus nigricans, Paecylomyces varioti,
Scopulariopsis brevicaulis, Verticillium glaucum, Trichoderma species (Zhang et al.,
2017; Wosten, 2019).

Microorganisms (bacteria and fungi) are an excellent source of these enzymes and
can be used as such for various purposes, including in the leather industry .

In recent years there have been numerous attempts to degrade hide waste by treatment
with alkaline proteases in order to obtain protein products. Enzymatic methods use
commercially available alkaline proteases, at moderate temperatures and for short periods
of time. This relatively simple method can be a solution for the removal of potentially
harmful waste. A variant of the method is based on the proteolytic activity of microbial
cells, especially of microorganisms isolated from this waste.

The potential of these enzymes, used in the pure state or as extracellular enzymes
elaborated by cultures of microorganisms, is much higher and it is considered that their
application in other processes in the near future creates a major field of research
advance in the field (Calin et al., 2017).

The paper aims at development of an experimental model on the bioenzymatic
degradation process of protein waste from tanneries.

EXPERIMENTAL

Samples of ground protein waste were used in the experiments. They are gray-
yellowish, with hard, slightly gelatinous, wet consistency.

Materials and Methods

The samples taken in the study were protein waste resulting from different hide
processing stages from tanneries. Different-looking hide samples were selected, which
were numbered as follows:

P 1 - hide fleshings from Pielorex (white - gray), with smooth outer surface,
P 2 - hide fleshings from Pielorex, with rough surface,

P 3 - hide fleshings from ICPI, with smooth surface,

P 4 - hide fleshings from ICPI, with rough surface.

In order to determine the pH value of the samples, from each protein waste were
taken 1 cm? fragments, which were suspended in Erlenmeyer vials with 25 ml
physiological serum.
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Also, samples of the same surface were suspended in Erlenmeyer vials with 25 ml of
nutrient broth and incubated at 28°C for 72 hours. The resulting culture liquids were
used for decimal dilutions. These were seeded by incorporation into Petri dishes with
nutrient agar, in three repetitions, in order to obtain isolated colonies and to determine
the number of viable cells.

The plates were incubated for 24 hours at 28°C and then the number of isolated
colonies was estimated by calculating the average of the values obtained in the three
repetitions performed for each dilution.

The study of the morphological characters of isolated microorganisms was
performed by optical microscopy observations on Gram stained smears, which were
examined under a microscope.

The ability of isolated strains to hydrolyze proteins was determined by gelatin and
casein hydrolysis assay.

Also, in all the gelatin and casein hydrolysis testing experiments, controls were
used, represented by Petri dishes or tubes with non-inoculated media.

RESULTS AND DISCUSSION

Determination of pH value revealed the pH change of the physiological serum after
immersion of hide samples, from pH 6.4 to values between 6.6-8.6.

The calculation of the number of viable cells obtained on plates with nutrient agar
medium resulted in values between 4 - 107 for hide samples P 1 and P 2, and 5 - 107 for
sample P 3, while sample P 4 showed a relatively lower number of bacterial cells - 2 -
106/cm? (Table 1).

Table 1. Determining the number of cells obtained on plates with nutrient agar medium

No. Sample pH Number of bacteria / cm? sample  Number of isolated strains

1. P1 6.88 4.107 6
2. P2 6.85 4.107 4
3. P3 6.65 5.107 5
4. P4 8.67 2108 5

From the four samples analyzed, a total number of 20 bacterial strains were isolated
using the serial decimal dilution method, which was seeded on nutrient agar. Most
strains showed colonies of white-beige color, with matte, flat, rough surface and
irregular edges. In the case of sample P 3, the strains forming spherical colonies on the
nutrient agar predominated, of white color, with smooth surface and even edges.

The P 4/4 and P 4/5 strains differed in color and appearance of the formed colonies,
these being dark beige, semi-glossy, flat, with smooth surface and even edges.

The microscopic examination of the Gram stained smears enabled verification of the
purity of cultures and showed that most of the strains were represented by Gram-
positive bacilli, with rounded heads, arranged in short chains of 2 to 4 cells or in
irregular agglomerations.
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Table 2. Morphological culture and biochemical characters of isolated bacteria strains

No. Strain  Colony morphology Cell morphology Gram Protein hydrolysis
reaction  (after 96 h incubation)
gelatin casein
1. P1/1  White, matte colony Bacilli with + +++ +++
with rough surface rounded heads, in
and irregular edges short chains, with
central spore
2. P1/2 Small white, matte, Bacilli with + +++ ++
flat colony with rounded heads, in
rough surface and short chains, with
irregular edges central spore
3. P 1/3 White-beige, matte, Bacilli with + +++ ++
flat colony with rounded heads, in
rough surface and short chains, with
irregular edges central spore
4 P1/4 White, matte, flat Bacilli with + +++ ++
colony with rough rounded heads, in
surface and irregular  short chains, with
edges central spore
5 P1/5 White-beige, matte, Bacilli with + +++ ++
flat colony with rounded heads, in
rough surface and short chains, with
irregular edges central spore
6 P1/6  White-beige, matte, Bacilli with + +++ ++
flat colony with rounded heads, in
rough surface and short chains, with
irregular edges central spore
7 P2/1  White, flat colony Bacilli with + +++ ++
with rough surface rounded heads, in
and irregular edges short chains, with
central spore
8 P2/2 White, flat colony Bacilli with + +++ ++
with rough surface rounded heads, in
and irregular edges short chains, with
central spore
9 P2/3 White, flat colony Bacilli with + +++ ++
with rough surface rounded heads, in
and irregular edges short chains, with
central spore
10 P2/4  White, flat colony Bacilli with + +++ ++
with rough surface rounded heads, in
and irregular edges short chains, with
central spore
11. P3/1 Large white, round, Bacilli with + +++ +++
matte, flat colony rounded heads, in
with smooth surface short chains or
and even edges agglomerations,
with central spore
12 P 3/2 Large white, round, Bacilli with + +++ +++
matte, flat colony rounded heads, in
with smooth surface short chains or

and even edges

agglomerations,
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No. Strain  Colony morphology Cell morphology Gram Protein hydrolysis
reaction  (after 96 h incubation)
gelatin casein
with central spore
13 P 3/3 Large white, round, Bacilli with + +++ +++
matte, flat colony rounded heads, in
with smooth surface short chains or
and even edges agglomerations,
with central spore
14 P3/4 Large white, round, Bacilli with + +++ +++
matte, flat colony rounded heads, in
with smooth surface short chains or
and even edges agglomerations,
with central spore
15 P3/5 Large white, round, Bacilli with + +++ +++
matte, flat colony rounded heads, in
with smooth surface short chains or
and even edges agglomerations,
with central spore
16 P4/1  Cream-white, matte Bacilli with + +++ +++
colony with smooth rounded heads, in
surface and even short chains or
edges agglomerations,
with central spore
17 P 4/2  White-beige, matte, Bacilli with + +++ +++
flat colony with rounded heads, in
rough surface and short chains or
irregular edges agglomerations,
with central spore
18 P4/3 Beige, matte, flat Bacilli with + +++ +++
colony with rough rounded heads, in
surface and irregular short chains or
edges agglomerations,
with central spore
19 P4/4 Dark beige, semi- Bacilli with + - +++
glossy, flat colony rounded heads, in
with smooth surface short chains,
and even edges arranged in pairs
or isolated, with
central spore
20 P4/5 Dark beige, semi- Bacilli with + - +++
glossy, flat colony rounded heads, in
with smooth surface short chains,

and even edges

arranged in pairs
or isolated, with
central spore

Gelatin hydrolysis testing revealed that of the 20 isolated strains 18 resulted in

complete liquefaction of the culture medium whereas, two strains, P 4/11 and P 4/12
(isolated from sample P 4), did not show the ability to hydrolyze gelatin.

Testing the capacity of casein hydrolysis led to similar results for both experimental

variants used. Thus, all the strains tested determined the hydrolysis of the substrate and

clarification of the culture medium around the bacterial growth areas.

https://doi.org/10.24264/icams-2020.11.5

137



Pelt Waste Degradation Using Active Microbial Consortia

CONCLUSION

Microbiological analysis of 4 samples of hide waste revealed the presence of
bacteria and fungi. The density of bacteria developed on hide samples was estimated at
4-5 . 107 cells / cm? in the case of samples P 1 - P 3 and 2 - 106 cells / cm? in the case
of P 4.

The vast majority of isolated colonies have a morphology characteristic of the
species of the genus Bacillus, with irregular shapes. Microscopic observations revealed
the presence of bacillary, sporulated, Gram-positive cell forms. The morphology of the
colonies and cells, as well as the response to Gram staining, confirms that the bacteria
belong to the genus Bacillus.

As a result of the isolation in pure cultures, 20 bacteria strains have been obtained,
representing a first collection of bacteria that contaminate hide samples.

The proteolytic capacity of the tested strains was highlighted by the gelatin and
casein hydrolysis test.
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The goal of this work was to formulate and characterize some O/W emulsions, designed as skin
anti-aging creams. The cosmetic formulations based on collagen hydrolysate, caffeine and natural
ingredients (essential and vegetable oils) were evaluated organoleptically, in terms of pH,
morphological, superficial and rheological properties. The rheological measurements were carried
out at 23 and 32°C, and the shear stress versus shear rate ascending and descending rheograms
were built, as well as the flow patterns viscosity versus shear rate. All emulsions obtained are
stable at different temperatures and the pH values correspond to the skin physiological one,
indicating that cosmeceuticals can be safely applied to the skin. Results from the optical
microscopy analysis show that all emulsions presented a creamy and foamy appearance. The
superficial profiles, quantified through contact angle at solid/liquid interface, indicated a high
emulsions hydrophilicity degree. The emulsions showed a pseudoplastic and thixotropic
behaviour, facilitating the flow formulations and the topical application. The flow properties were
quantified according to the Power law model, and the thixotropic analysis was performed using
specific descriptors as thixotropic area and thixotropic index. The designed emulsions presented
physico-chemical properties adequate for cosmetic skin care product formulations.

Keywords: collagen hydrolysate, anti-aging cosmetic cream, physico-chemical characteristics

INTRODUCTION

Skin aging is characterized by a progressive deterioration of the skin functional
properties, linked to alterations of dermal connective tissue due to the changes at the
cell, gene and protein levels. Skin aging can be divided into two basic processes:
intrinsic aging and photoaging (Zhou et al., 2020; Jung-Won et al., 2019).

Collagen, being an important protein for the skin, is essential in the structure and
functioning of the extracellular matrix in the dermis (Albu, 2011). Visibly thin skin, fine
lines and wrinkles are the first signs of collagen reduction in the skin due to the aging
process. In addition to the anti-wrinkle effect, collagen is used in cosmetics also for the
hydration it offers by forming a film on the skin surface that prevents the loss of
transepidermal water and protects skin by external factors (Aguirre-Cruz et al., 2020).

The most popular systems employed in the manufacture of cosmetics are emulsions
(Arrieta-Escobar et al., 2019). To incorporate protein (like collagen) into cosmetic
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Formulation and Characterization of Anti-Aging Cosmetic Emulsions Based on
Collagen Hydrolysate and Caffeine

products (e.g. emulsions), it is appropriate that the proteins are water-soluble and re-
aggregation of peptides is avoided. Hydrolysates of proteins are often added into
cosmetic products (Danila et al., 2019b; Li et al., 2008).

The aim of this study was to formulate and evaluate some O/W emulsions based on
collagen hydrolysate and other natural ingredients such as vegetable and essential oils,
and caffeine, that can be used as anti-age creams.

MATERIALS AND METHODS

Materials

Vegetable oils and butter (mango butter, almond oil, rice oil, coconut oil),
emulsifiers (glyceryl stearate; cetearylolivate and sorbitanolivate), floral waters (linden,
neroli, melissa, hammamelis), xanthan gum, caffeine, allantoin, essential oils were
purchased from a local pharmacy. Type | collagen hydrolysate was obtained by acidic
hydrolysis as we previously described (Danila et al., 2019b).

Preparation of the O/W Emulsions

According to Table 1, the ingredients of phase A (oils and emulsifier) and phase B (floral
water, distilled water, collagen hydrolysate, caffeine) were heated in a water bath in two
heat-resistant Berzelius beakers, periodically homogenizing the composition. When both
phases reach a temperature of about 70-75°C, they were removed from the water bath; and
phase B was slowly added over phase A under continuous stirring. The mixing continued for
10 minutes, avoiding as much as possible the aeration of the emulsion. The beaker was
placed in a cold-water bath under continuous stirring for 3 minutes. In the cooled
composition, the ingredients of phase C (allantoin, xanthan gum, essential oils) were added
and mixed slowly. The obtained emulsion was transferred to a sterile container.

Table 1. Composition of the dermatocosmetic O/W emulsions

Phase Ingredients, % Emulsion1  Emulsion 2 Emulsion 3 Emulsion 4
A almond oil (mL) 10 20 - -
A rice oil (mL) - - 10 15
A mango butter (g) 12.6 111 - -
A coconut oil (g) - - 12.6 16.1
A Bella emulsifier (g)* 5 5 - -
A Olliva emulsifier (g)** - - 5 5
B floral water (mL)*** 10 10 10 10
B distilled water (mL) 60 50 60 50
B collagen hydrolysate (g) 1 2 1 2
B caffeine (g) 0.5 1 0.5 1
C allantoin (g) 0.4 0.2 0.4 0.2
C xanthan gum (g) - 0.2 - 0.2
C essential oil (mL)**** 0.5 0.5 0.5 0.5

* Bella emulsifier: glyceryl stearate; **Olliva emulsifier: cetearyl olivate, sorbitan olivate
*** Linden, neroli, melissa, hammamelis; **** Eucalyptus, pine, rosemary, oregano

pH Determination

The pH of dermatocosmetic emulsions pH was evaluated using an inoLab pH meter.
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Optical Microscopy Analysis

The morphology of the designed emulsions was carried out using a LEICA optical
microscope model S8APO, with increase power of 20-160x.

Goniometric Evaluation

The superficial properties were performed with CAM 101 (KSV Instruments), using
the contact angle routine: liquid drop (water) was spread on a solid surface (emulsion-
coated slide test), analyzing the modifications of liquid drop shape on this surface.

Rheological Analysis

The flow properties of the emulsions were conducted with a rotational viscometer
Multi-Visc Rheometer (Fungilab), equipped with TR 8 and TR 10 standard spindles,
and a ThermoHaake P5 Ultrathermostat to ensure a constant temperature (23+0.1°C and
3240.1°C). The operational conditions were previously reported (Ghica et al., 2016).

RESULTS AND DISCUSSION

All emulsions are homogeneous, stable, with no phase separation and with a smell
specific to the ingredients. The W/O emulsions presented a pH between 5.5 and 6,
compatible with the skin pH. The morphology of the emulsions was performed by
optical microscopy analysis and the images obtained are presented in Figure 1.

.;(.

Emusion 1 Emulibn 2 Emulsion 3 ‘ Emulsion 4

Figure 1. Optical microscopy images of W/O dermatocosmetic emulsions

From Figure 1 it can be noticed that all emulsions present a “foam-like” aspect. The
differences between the microscopic images are due to various vegetable oils
incorporated in the oil phase of the emulsions, with a different content of fatty acids.

The superficial properties of the emulsions were quantified through contact angle
(CA°®) values. The drop shape (Figure 2) was monitored with a digital camera and
mathematically described by the Young equation:

YsG =7VsL+7YLG -COSO 1)

where ygg is the interfacial tension S/G, yg - the interfacial tension S/L, vy, g— the
superficial tension L/G and 6 — the contact angle.

a) CA=14.21°+1.46 b) CA=33.03°+2.63 c) CA=20.71°+1.91 d) CA=27.66°+1.57

Figure 2. Images of the drop shape for the W/O dermatocosmetic emulsions:
a) Emulsion 1; b) Emulsion 2; ¢) Emulsion 3; d) Emulsion 4
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It can be remarked that contact angle values are about 1.3-2.3 times higher for the
Emulsions 2 and 4 compared to the Emulsions 1 and 3. The CA recorded values
indicated a marked hydrophilicity of the emulsions, a quality requirement important in
their design, with direct implications in skin hydration capacity.

The rheograms — viscosity as a function of shear rate — were built (Figure 3) and the
Power law model was used to quantify the flow behaviour of the formulations:

n=m-y " )

where m parameter represents the viscosity obtained for the shear rate value of 1-s7,
and n is the flow behaviour index (Danila et al., 2019a).
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Figure 3. Plots of viscosity versus shear rate, evaluated at 23°C and 32°C, for:
a) Emulsion 1 and Emulsion 3; b) Emulsion 2 and Emulsion 4

As can be seen from Figure 3a-b, the emulsion viscosity decreased at shear rate
increase showing a pseudoplastic behaviour at both working temperatures. The
pseudoplastic behaviour is a requirement needed for the dermatocosmetic emulsions,
both conditioning aspect and spreading as a continuous film at skin level.

The parameters n and m, specific to the Power law model, are listed in Tables 2 and
3 for both working temperatures.

Table 2. Values for the determination coefficient and parameter specific to the Power
law model, and for the thixotropic descriptors determined at 23°C

Formulation R? m N Sasc(Pas?)  Stix (Pa-s?)  Thystw
Emulsion1l 0.9964 4.414 0.523  1423.334 91.303 6.41
Emulsion2 0.9976 44.794 0.508 1706.082 163.295 9.57
Emulsion3 09936 7.211 0.517  1763.773 123.175 6.98
Emulsion4 0.9981 39.813 0.606  1189.556 132.985 11.47

Table 3. Values for the determination coefficient and parameter specific to the Power
law model, and for the thixotropic descriptors determined at 32°C

Formulation R? m n Sasc (Pa-s?)  Stix (Pa-s™)  Thystw
Emulsion1 09931 2435 0.525 819.094 43.105 5.26
Emulsion2 09991 29.991 0.529 1179.270 121.677 10.32
Emulsion3 09976 3.135 0.481 963.843 61.379 6.37
Emulsion4 0.9987 30.061 0.631 916.505 96.107 10.48
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The highest values obtained for the determination coefficients R? (between 0.9936
and 0.9981 at 23°C, 0.9931 and 0.9991 at 32°C respectively) indicated that the
experimental data well fitted the Power law rheological model. The most fluid
formulation is Emulsion 1, the m parameter having the lowest value. The maximum
values for m parameter are recorded for the Emulsions 2 and 4, about 6-10 times higher
comparing to emulsions 1 and 3 at 23°C and about 10-15 times at 32°C.

The forward and backward rheograms — shear stress as a function of shear rate —
were also recorded (Figure 4) and the thixotropic behaviour was quantified through
thixotropy area (Stix) and thixotropy index (Thysts)-

Thyst% = (Sthix /Sasc)'loo (3)

where S, is the area enclosed under the forward rheogram. Thixotropic systems are

those with Thysws Values greater than 5% (Danila et al., 2019b). The values for Sasc, Stix
and Thystos are given in Table 2 and Table 3 for both working temperatures.
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Figure 4. Forward and backward rheograms, shear stress versus shear rate, evaluated at
23°C and 32°C, for: a) Emulsion 1 and Emulsion 3; b) Emulsion 2 and Emulsion 4

Figure 4a-b indicates that backward curve is placed under forward curve, indicating
that for the same shear rate, the shear stress for the return curve is smaller. The thixotropic
character is highlighted by the thixotropy index higher than 5% for both temperatures. The
thixotropic behaviour is also a quality requirement targeted in emulsions design, allowing
the transformation of a viscous product in a more fluid one, easy to spread.

Aside, the emulsions composition that influenced both their viscosity and
thixotropic descriptors, another influence factor is related to the temperature. Thus, for
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temperature increase it can be noticed a m parameter decrease for all emulsions, about
1.3- 2.3 times, and a decrease of thixotropic parameters about 1.3-2.1 times.

CONCLUSIONS

All emulsions obtained are stable and the pH values correspond to the skin
physiological one, indicating that cosmeceuticals can be safely applied to the skin. The
optical microscopy analysis shows that all emulsions presented a creamy and foamy
appearance. The superficial profiles, quantified through contact angle, indicated a high
emulsions hydrophilicity degree. The emulsions showed a pseudoplastic and thixotropic
behaviour, facilitating the flow formulations and the topical application. It can be
concluded that the designed emulsions presented physico-chemical properties adequate
for cosmetic skin care product formulations.
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DETERMINATION OF YIELD AND YIELD COMPONENTS IN DIFFERENT
SOWING TIMES OF BLACK SEED (Nigella sativa L.) IN HATAY
ECOLOGICAL CONDITIONS

YILMAZ EREN, DURMUS ALPASLAN KAYA”

Mustafa Kemal University, Faculty of Agriculture, Department of Field Crops,
dak1976@msn.com

This study was carried out in order to determine the yield and yield components of Nigella sativa
L. grown in different cultivation periods in Hatay ecological conditions at Mustafa Kemal
University, Faculty of Agriculture, Medical Plants trial area in 2018-2019. The experiment was
laid out at spilt plot in randomized blocks with three replications. Trial; The parcels split in
random blocks were carried out with 3 repetitions according to the trial pattern. In the trial, sowing
was carried out on 15 November, 1 January, 15 February, 1 March, 15 March, 1 April, 15 April, 1
May and 15 May. In the study, some properties related to phenological, herbal properties, yield
and yield components were examined during field trial and after harvest. As a result of the
measurements taken, the plant height is 19.03-54.00 cm, the number of branches is 8.80-3.78
number/plant the number of plant capsules 3.73-20.67 number/plant, thousand grain weight is
3.04-2.10 g, seed yield is 3.65-51.81 kg.da*, constant oil rate % was found between 22.47-32.07
values. Due to the increase of summer temperatures early in Hatay ecological conditions, the yield
and yield factors of summer planting decreased in this period compared to winter planting. For this
reason, November 1-15 is recommended as the most suitable sowing time for black seed in Hatay
ecological conditions.

Keywords: Nigella sativa L., planting time, Hatay.

INTRODUCTION

Black seed (Nigella sativa L.), whose homeland is Southern Europe and West Asia,
is an annual plant from the Ranunculaceae family. There are 20 species of Nigella genus
in the world. Black seed is a pile rooted herbaceous plant that is cultivated in many
countries, especially in the Eastern Mediterranean. There are 12 species of Nigella in
Turkey. Among these species, Nigella sativa L., Nigella damascena, Nigella arvensis L.
seeds are used in the treatment of snake and scorpion stings, old tumors, abscess
treatment and skin rash, inflammation of the head area and the treatment of colds. It is
also a milk enhancer, appetizer, spice used on bread and buns (Baytop 1984; Giin,
2012). Since the seeds and oils of black seed have a rich potential for synthetic and new
drugs, it is seen that the importance given to black seed cultivation is increasing day by
day (Karaman, 1999).

The yields in the provinces where the black seed culture in Turkey; Kahramanmaras
200 kg.da?, Denizli 174 kg.dal, Kilis 161 kg da’*, Afyonkarahisar 159 kg da!, Antalya
151 kg da?, Kars 141 kg da, Ankara 127 kg da, Kayseri 127 kg da, Konya 117 kg
dal, Nevsehir 111 kg da’?, Samsun 111 kg da!, Isparta 108 kg da, Kitahya 102 kg da-
1 Sivas 101 kg da?, Eskisehir 100 kg da, Kirsehir 100 kg da’, Corum kg da’?, Malatya
94 kg da?, Usak 89 kg da’l, Balikesir 86 kg da!, Burdur 82 kg da?, Yozgat 70 kg dat,
Bursa 76 kg da!, ve Karabik 20 kg da* (Anonymous, 2019).

Climatic conditions, environment and growing factors, planting time and similar
factors affect the cultivation of black seed. For this reason, it is important to determine
the breeding characteristics specific to different regions related to black seed. This study
was carried out with the aim of determining the yield and yield components of black
seed (Nigella sativa L.) at different planting times in Hatay ecological conditions.
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MATERIALS AND METHODS

In the experiment carried out, seed of the black cumin (Nigella sativa L.) plant
obtained from Eskisehir Agricultural Research Institute in Hatay ecological conditions
was used as a material. In the district of Antakya in the province of Hatay where the
trial was conducted, the Mediterranean climate prevails with hot and dry summers and
warm and rainy winters, and it snows only a few days of the year. The temperature
ranges between -6.3 and +43°C and the climatic characteristics differ significantly
depending on the altitude. Annual rainfall is 877-1174 mm. In Hatay, the wind is light
and medium strong from north and northeast directions in winter months, and
moderately strong and strongly from south and southwest directions in summer. Climate
data for the months of the study are given in table 1.

Table 1. Climate data for the months of the study

Min. Max. Average hR ela_tl\_/e 'I_'o_tal .
°C) °C) °C) umidity preui)ltatlon
(%) (mm=kg/m?)
November 2018 4.6 26.4 14.3 76.1 200.7
December 2018 0.6 194 10.3 85.9 361.9
January 2019 -0.7 15.8 8.1 76.5 312.1
February 2019 3.8 175 10.0 79.7 235.7
March 2019 2.0 24.3 12.6 74.7 222.4
April 2019 5.6 295 15.2 73.3 93.7
May 2019 10.1 37.9 22.3 59.2 0.3
June 2019 15.7 38.0 25.6 69.3 5.0
July 2019 20.7 36.4 27.3 66.7 15.6
August 2019 22.5 35.7 28.0 70.6 4.4

In the experiment, black seed seeds were sown in the trial area with 3 replications at
9 different sowing times (15 November, 15 January, 15 February, 1 March, 15 March, 1
April, 15 April, 1 May and 15 May). It was not planted in December due to adverse
weather conditions. In the experiment, the plots were formed in 5 rows of 4 m in length
and the planting density was applied as 30x30 cm. In the experiment, although it was
planted at 9 sowing times, yields were obtained from the plants only in 5 periods. Since
there was no germination in the plants planted in the periods of April 1, April 15, May 1
and May 15, data could not be determined from the sowing on these dates. In the
experiment, weed control and irrigation were performed as required during the growing
period of the plants, and the plants were harvested between July and August. In the
experiment, 6 kg da* ammonium sulphate (NH4)2SO, fertilizer was applied during the
stalking period of the plants.

In this study, germination period, vegetation period, beginning of flowering,
blooming times, plant height, number of branches, number of capsules, thousand kernel
weight, seed yield per plant, seed yield, fixed oil ratio, oil yield, fixed and essential oil
components were examined. Some of the properties examined were subjected to
Duncan test for statistical comparison.
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RESULTS AND DISCUSSION

Germination Periods

In the study carried out in different plantings in Hatay climatic conditions, the
germination periods were reached as 28 days in 15 November sowing, 20 days in 15
January sowing, 23 days in 15 February sowing, 20 days in 1 March sowing, and 15
March 24 days. It was also understood that different sowing periods do not matter on
the germination time of the black cumin plant (Table 2).

Vegetation Periods

The vegetation periods obtained in different plantings under the ecological
conditions of Hatay are given in Table 2. According to the results, the longest
vegetation period was reached in 15 November sowing and the shortest vegetation
period was reached in 15 March sowing. It is thought that the heavy rainfall, which is
effective in the long vegetation period in October 15, is due to the fact that the weather
is not hot enough and the day time is short. In other sowing dates, it was observed that
the weather not too cold and the length of the day were effective in shortening the
vegetation period.

Beginning of Flowering

Beginning of flowering times obtained in the experiment conducted in different
sowing dates in the ecological conditions of Hatay are given in Table 2. Considering the
results obtained, the longest flowering period was obtained from 15 November (189
days) and the shortest flowering period from 15 March (92 days). It was concluded that
different sowing days were obtained in different sowing dates and the weather
temperature affects the beginning of flowering.

Flowering Days

In this study carried out in different sowing dates under the ecological conditions of
Hatay, the flowering period was obtained as 14 days in 15 November sowing, 7 days in
15 January sowing, 6 days in 15 February sowing, 8 days in 1 March sowing and 7 days
in 15 March sowing (Table 2). It was concluded that the longest flowering day was 14
days in 15 November sowing and 6 days in 15 February sowing as the shortest time in
sowing on different dates. It has been understood that low or high air temperature
during flowering is an important factor in different flowering times.

Table 2. Phenological observations of black cumin grown at different sowing times

Germination ~ Beginning Flowerin Vegetation

Sowing dates Harvest dates periods of flowering (days) g periods

(days) (days) Y (days)
15" Nov. 2018 10" June 2019 28 189 14 207
150 Jan. 2019 17" June 2019 20 143 7 147
15M Feb. 2019  19% June 2019 23 107 6 126
015t Mar. 2019 28" June 2019 20 95 8 120
15" Mar. 2019 08" July 2019 24 92 7 109
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Plant Height

The plant height of black cumin sown in different periods in Hatay ecological
conditions varies between 19.03-54 cm, while the highest plant height is 54 cm in 15
November sowing and the lowest plant height is in sowing with 19.03 and 15 February.
(Table 3).

Number of Branches

It is seen that the number of branches of black cumin planted in different sowing
times in the ecological conditions of Hatay is in the range of 3.78-8.80 pieces/plant.
(Table 3). It is seen that the highest value is in 15 November sowing with 8.80
pieces/plant and the lowest value is in 15 February sowing with 3.78 pieces/plant.

Number of Capsules

The number of capsules in the black cumin plant grown in different sowing periods
in the ecological conditions of Hatay was between 3.73-20.67 units/plant, and the
highest value was obtained from 15 November sowing with 20.67 units/plant and the
lowest value 3.73 from 15 February sowing. (Table 3).

Thousand Kernel Weight

One thousand kernel weight of black cumin grown in different sowing periods in
Hatay ecological conditions was between 2.10-3.04 g and the highest value was 3.04 g
in 15 March sowing and the lowest value was obtained in 2.10 and 15 February sowing.
(Table 3).

Seed Yield per Plant

It was determined that the plant yield of black cumin grown in different sowing
periods in Hatay ecological conditions varies between 0.21-3.10 g, the highest seed
yield per plant was 3.10 g in 15 November sowing and the lowest seed yield per plant
was in planting on February 15 with 0.21 g (Table 3).

Table 3. Morphological observations and Duncan groups of black cumin grown in
different sowing periods

Plant Number of Number of Thousand Seed Seed
Sowing dates height branches capsules kernel yield per yield

(cm) (pieces/plant)  (pieces/plant)  weight (g)  plant (g) (kg da?)
15" Nov. 2018 54.00 a 8.80 a 20.67 a 2.20b 3.10a 51.81a
15t Jan. 2019 2143¢c 412¢c 5.88 d 237b 0.55d 9.27d
15™ Feb. 2019 19.03d 3.78¢ 3.73¢e 2.10b 0.21e 3.65¢e
01t Mar. 2019  28.87b 5.33b 8.52b 2.73 ab 243 b 40.27b
15" Mar. 2019  21.33¢ 4,18 ¢ 6.90 c 3.04a 1.25¢ 21.65¢

Seed Yield

The seed yield of black seed grown in different sowing periods in Hatay ecological
conditions was between 3.65-51.81 kg da, and the highest seed yield was obtained in
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51.81 kg da in 15 November sowing and the lowest yield was obtained in 3.65 kg da’
in 15 February sowing. (Table 3).

Fixed Oil Ratio

In the ecological conditions of Hatay, the oil content in black cumin was observed
between 22.47-32.07% in different planting periods. The highest oil content was
obtained with 32.07% in 15 March sowing and the lowest with 22.47% in 15 January
sowing. (Table 4).

Oil Yield

The fixed oil yield of the black cumin grown in different sowing periods in Hatay
varied between 2.03-23.05 | da! and the highest yield was obtained from 23.05 | da*
and 15 November sowing. (Table 4).

Table 4. Fixed oil ratio, oil yield and Duncan groups of black cumin grown in different
sowing periods

. Fixed oil ratio Oil yield
Sowing dates %) (I da?)
15" November 2018 24.73 23.05a
15% January 2019 22.47 3.74c
15" February 2019 30.87 2.03¢
01t March 2019 26.80 19.41ab
15% March 2019 32.07 12.60b

Fixed Oil Composition

When the main components of fixed oil are examined; It was determined that
linoleic acid methyl ester, oleic acid methyl ester, palmitic acid, stearic acid and linoleic
acid ethyl ester. It was observed that the fixed oil components of black seed did not
show a significant change according to different cultivation periods (Table 5).

Table 5. Fixed oil components of black seed grown in different sowing periods

151h 151h 151h 01st 15th

RT  Components Cas # Nov Jan Feb Mar Mar
5.23  Stearic acid 112-61-8 0.03 1.43 135 191 197
12.94 Palmitic acid 112-39-0 1156 1223 1055 15.27 16.74
18.63  Oleic acid, methyl ester 2345-29-1 21.62 1875 19.69- 20.73 21.62
20.14 Linoleic acid, methyl ester ~ 56599-58-7 52.24 57.42 58.78 52.61 49.32
24.25 Linoleic acid ethyl ester 544-35-4 213 2.68 216 2.04 2.03

Essential Oil Composition

When the main components of essential oil are examined; It was determined that
linoleic acid methyl ester, 0-Cymene, ethyl oleate, a-Thujene and palmitic acid ethyl
ester. It has been observed that the essential oil components of black seed oil show
significant changes according to different planting periods. (Table 6).

https://doi.org/10.24264/icams-2020.11.7

149



Determination of Yield and Yield Components in Different Sowing Times of
Black Seed (Nigella sativa L.) in Hatay Ecological Conditions

Table 6. Essential oil components of black seed grown in different sowing periods

1 5th 15th 1 5th 01st 15th

RT Components Cas# Nov Jan Feb Mar Mar
6.51 a-Thujene 2867-05-2 834  9.60 6.74 6.06 3.14
11.11 y-Terpinene 99-85-4 2.03 319 214 157 0.26
12.65 0-Cymene 527-84-4 2029 2819 2155 1641 11.32
39.96 Thymoquinone 490-91-5 291 251 188 121 0.26
42.37 Palmitic acid ethyl ester 628-97-7 6.65 3.78 444 799 10.25
46.97 Stearic acid ethyl ester 111-61-5 0.98 048 056 115 1.93
47.75 Ethyl oleate 111-62-6 1494 933 1059 16.73 23.39
49.19 Linoleic acid ethyl ester 544-35-4 2836 26.03 39.82 36.26 40.03

As a result, it has been determined that different sowing periods are quite effective
on the yield and yield elements of black cumin grown in Hatay ecological conditions.
Low or high air temperature, long or short day duration caused different results on yield
and efficiency factors. If the black seed cultivation is to be done for oil and seeds in
Hatay, it has been determined that the most suitable sowing date is 15 November. In the
sowings made on this date, it is better for the plants to branch and form capsules as they
complete their development. As a result, it is thought to result in a better result than
other sowing dates in terms of seed and oil yields.
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The leather industry produces a relatively high amount of hard degradable waste, with a negative
impact on the environment. This waste usually contains two major categories of residues, namely
animal fat and residues containing mostly proteins, suitable for biogas conversion. Obtaining
biogas from leather waste by co-digestion with vegetable waste can be a sustainable and eco-
friendly alternative to conventional energy from fuels. Anaerobic co-digestion is now considered
to reduce waste from various sources and turn it into energy, generating in addition a digestate
used as fertilizer in agriculture. This waste is relatively resistant to transformation into an easily
fermentable substrate for anaerobic digestion to produce biogas. Thus, the methane yield can be
significantly improved by biological treatments with enzymes and enzyme complexes, with
microorganisms selected and used as inoculum or by mixed methods, which include other physical
or chemical treatments. This paper aims to show the main methods of biological treatment of
leather industry waste, in order to increase the yield of biogas by co-digestion with plant materials.

Keywords: leather industry, waste, biogas, proteases, lipases, microorganisms

INTRODUCTION

The global reduction of conventional energy resources, as well as restrictive
legislation on the level of environmental pollution, have created premises for the
identification and exploitation of new energy sources, economic and non-polluting.

The anaerobic fermentation process is considered to be a key technology for the
sustainable use of biomass consisting of the organic fraction of industrial waste, municipal
solid waste, animal manure, plant debris, aquatic biomass, but also energy crops suitable
for this process (Nallathambi Gunaseelan, 1997). Recently, the anaerobic fermentation
process has gained special attention due to environmental protection by reducing
greenhouse gas emissions, and generation of biogas, a promising source of renewable
energy. The benefits of anaerobic fermentation technology are also reflected in the
stability and agronomic quality of the fertilizer obtained. This method of treatment is in
accordance with the provisions of the European Union, which involve the reduction and
recovery of waste, as well as the promotion of clean technologies (Scano et al., 2014).

Anaerobic fermentation is a process of decomposition of the organic substrate in the
presence of several species of bacteria, under controlled environmental conditions, in
the absence of oxygen (Chen and Neibling, 2014; Zupancic and Grlic, 2012).

The composition of the biogas resulting from the anaerobic fermentation process
varies depending on the raw material used, but also on the fermentation conditions. In
general, biogas consists of two main components, methane (CH4) and carbon dioxide
(COy), along with small amounts of hydrogen (H»), hydrogen sulfide (H.S), nitrogen
(N2), ammonia (NHs3), oxygen (O,) and water vapor (Valenti et al., 2016).

Phases of the Anaerobic Fermentation Process

Biogas production by anaerobic fermentation is a complex process consisting of 4
phases, which are the following: hydrolysis, acidogenesis, acetogenesis and
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methanogenesis, produced under the action of several species of bacteria (Gould, 2014;
Khalid et al., 2011).

Bacteria degrade the substrate through enzymes that are macromolecules of protein
origin, acting as biocatalysts, with the help of which living cells can produce complex
reactions in a short time. By catalyzing biochemical reactions, they play a key role in
the biosynthesis and degradation of living matter, occurring in all animal, plant and
microorganisms. Bacterial enzymes are exo or endo enzymes that greatly accelerate the
rate of biochemical reactions (Gerardi, 2003).

Hydrolysis

In the first stage, the hydrolysis, fermentative bacteria transform insoluble organic
matter into sugars, amino acids and fatty acids. At this stage, microorganisms such as
Clostridium, Micrococcus, Bacteroides, Butyrivibrio, Fusobacterium, Selenomonas and
Streptococcus act (Cirne et al., 2007) and produce hydrolysis enzymes involved in the
degradation of substrate.

Protein Hydrolysis

Proteins are polymers of amino acids, joined by peptide bonds, whose hydrolysis is
mediated by extracellular proteases that give rise to polypeptides and free amino acids
(Karlsson et al., 2014). During the hydrolysis step of anaerobic digestion, proteins are
first converted to individual amino acids or peptides with short amino acid chains.
During the fermentation stage, the breakdown of amino acids takes place, and the amino
groups are released as ammonia (NHs3) or ammonium (NH4 *) (Schnirer and Jarvis,
2010). During the protein degradation period, ammonia (NHs) is released into the liquid
part of the substrate in the fermenter, and can inhibit the fermentation process.

Organic waste contains proteins and fats, which are rich in energy and produce a
relatively large amount of methane in biogas. Substrates with high protein and fat
content, generally come from the leather and food industries, being useful in biogas
production because they have high methanogenic potential (up to 500-600 I / kg volatile
solids) (Hejnfelt and Angelidaki, 2009).

The main materials from the leather industry are characterized by a high content of
proteins and lipids, derived from leather processing.

The leather-making process generates substantial quantities of solid waste before
and after the tanning stage, which are a potential source in the anaerobic digestion of
biogas process (Agustini et al., 2018). The main solid residues are hide and leather
shavings (Piccin et al., 2016) and sludge from wastewater treatment plants (Mella et al.,
2016). Some important characteristics of these residues include the high organic load
and the difficulty of degradation of recalcitrant and poorly biodegradable compounds
(Mannucci et al., 2010).

The inhibition of the bioprocess of wastewaters treatment in the wastewater
treatment plants, due to the presence of chromium has been demonstrated for
concentrations of 140 mg/L, which cause a 50% reduction of bacterial activity. The
other tanning agent class, which is popularly used, is based on vegetable tannins, which
are extracted from plants. (Kalyanaraman et al., 2015). The toxicity of tannins can be
associated with several mechanisms such as enzyme inhibition, substrate deprivation
and loss of metal ions (Bhoite and Murthy, 2015).
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Hydrolysis of Fats

The lipids represented by fats, oils and / or greases are mainly glycerol esters with
three long-chain fatty acids, which form triglycerides. Lipids are part of various waste
streams: leather and food industry, domestic sewage, industrial effluents, food
processing, wool washing, food oil manufacturing (Karlsson et al., 2014).

In general, fats consist of glycerol and various fatty acids released by
biodegradation. The enzymes that break down fats are the lipases, which are produced
by aerobic or facultative aerobic microorganisms.

Acidogenesis

Acidogenesis is the fastest stage in the process of anaerobic conversion of complex
organic matter, being also called the stage of acid fermentation. The monomers resulting
from the hydrolysis phase are degraded by various anaerobic and optionally anaerobic
bacteria into organic acids (acetic, propionic and butyric acid), volatile fatty acids,
alcohols, hydrogen (H.), carbon dioxide (CO2) and ammonia (Kalyuzhnyi et al., 2000).

Acetogenesis

In the third phase, acetogenic bacteria convert volatile fatty acids and alcohols into
hydrogen (H-), carbon dioxide (CO;) and acetic acid, which is the substrate for the last
stage of the process, methanogenesis (Yi et al., 2014).

Methanogenesis

In the last phase of the anaerobic fermentation process, methanogenesis, are
involved the methanogenic bacteria, which are very sensitive to changes in
environmental factors, such as pH and temperature. Under these conditions,
methanogenic bacteria are considered to be the factor that limits the rate of the
anaerobic fermentation process (Chen et al., 2008). During this stage, the micro-
organisms convert the hydrogen and acetic acid previously formed into methane (CHa)
and carbon dioxide (COy).

Obtaining biogas from leather waste by co-digestion with vegetable waste can be a
sustainable and eco-friendly alternative to conventional energy from fuels. Anaerobic
co-digestion is now considered to reduce waste from various sources and turn it into
energy, generating in addition a digestate used as fertilizer in agriculture.

Microbial Proteases

Microbial proteases are synthesized from the exponential growth phase and are primary
metabolites of major importance for the metabolic functions of the cell. Both bacteria and
fungi can produce proteases, depending on the species and environmental conditions.

Keratinolytic protease is a new generation of proteolytic enzymes with the ability to
degrade recalcitrant keratin proteins like leather, feathers, horn, hooves, nails, hairs etc
as well as potentially de- grade normal proteins (Brandelli, 2008). These keratinous
wastes are difficult to degrade due to the dense polypeptide tightly packed by several
hydrogen bonds and hydrophaobic interactions. In addition,s trong disulfide cross-linking
of protein chains confers high mechanical stability and resistance to proteolytic
degradation of keratins by common proteases (figure 1) (Parry and North, 1998;
Kreplak et al., 2004). Their unique property to degrade tough rigid protein structure has
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made them attractive biocatalysts in industrial areas dealing with those substrates like
dehairing of skins and hides, detergent additives (Gupta and Ramnani, 2006). However,
many researchers found that not only is keratinase a superior enzyme among those of
the protease world but also the fermented feathers hydrolysate produced by keratinase
gives a rich low cost substrate for biogas production and has an important potentiality to
economic important plants (Gurav and Jadhav, 2013; Paul et al., 2013). A recent study
found that fermented chicken feathers hydrolysate by Paenibacillus woosongensis
TKB2 is a potential anti Staphylococcus agent (Paul et al., 2015).
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Figure 1. Mode of action of keratinolytic protease enzyme (Paul et al., 2016)
The characteristics of some bacterial proteases are shown in Table 1.

Table 1. Bacterial proteases (Paul et al., 2016)

Microorganism Optimum Optimum Type
pH temperature, °C

Bacillus sp. strain 221 - - -

Bacillus sp. strain DZ100 125 85 Serine Protease
Serratia marcescens P3 6.5 40-45 Metalloprotease
Chryseobacterium gleum 8 30 Metalloprotease
Bacillus sp. P7 9 55 Serine Protease
Streptomyces sp. strain AB1 115 75 Serine Protease
Bacillus subtilis strain RM-01 9 45 Serine Protease
Bacillus licheniformis ER-15 11 70 Serine Protease
Bacillus pumilus ZED17 8 40 -

Bacillus mojavensis A21 8-11 60 Serine Protease
Pseudomonas aeruginosa C11 7.5 50 Metalloprotease

An important feature of waste from the textile industry is the presence of various
toxic components for microorganisms, which can inhibit both the multiplication of
microbial cells and the entire process of anaerobic digestion.

The main form of solid tanned waste, constituting about 10% of the total weight of
raw materials processed, is chromium and protein in the form of “chrome shavings”
(CRS), which are small, thin pieces of leather generated during the hide shaving
operation and represent high value protein-based waste (Pillai and Archana, 2012; John
Sundar et al., 2011) Enzymatic treatment of CRS has been used to recover chromium

https://doi.org/10.24264/icams-2020.11.8

154



ICAMS 2020 — 8" International Conference on Advanced Materials and Systems

and protein from CRS. Alkaline proteases like alcalase and combination of trypsin and
esterase are used in the preparation of soluble collagen hydrolysate from CRS called
chrome cake (Kupec et al., 2002).

Microbial growth on CRS necessitates the capacity of the strain to grow in highly
concentrated chromium containing environment (Thacker et al., 2006). Some research
(Katsifas et al., 2004) reported a chromium tolerant strain of Aspergillus carbonarius
that degrades CRS in solid state fermentation process and they propose it as a useful
tool in the tanning industries for the management of CRS and recovery of valuable Cr.

In other studies, the use of the keratinolytic isolate Bacillus subtilis P13 which is able
to grow in alkali-free CRS, offers a promising prospect for the biodegradation of CRS
along with recovery of chromium from the liquefied waste and additionally generates a
valuable byproduct that can be used in biogas production (Pillai and Archana, 2012).

CONCLUSION

The leather-making process generates substantial quantities of solid waste before
and after the tanning stage, which are a potential source of substrate for biogas
production, in the co-digestion process.

The main solid residues are hide and leather shavings and sludge from wastewater
treatment plants. Some important characteristics of these residues include the high organic
load and the difficulty of degradation of recalcitrant and poorly biodegradable compounds.

The most important in the biological treatment are enzyme-producing
microorganisms, able to synthesize proteases and lipases.

The methane yield can be significantly improved by biological treatments with
enzymes and enzyme complexes, with microorganisms selected and used as inoculum
or by mixed methods, which include other physical or chemical treatments.
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The chrome shavings waste obtained as a result of the leather finishing process accumulates in a
large volume in tanneries and represent a major problem for the environment. This waste are
particularly resistant to attack of microorganisms, due to the significant concentration of
chromium and are thus difficult to degrade. In this study, chrome shavings were analyzed
microbiologically by determining the total number of germs and the number of yeasts and molds
on specific culture media. Several bacterial and fungal strains were isolated from the cultures in
Petri dishes, after the growth of the colonies. These strains were characterized in terms of the
production of proteolytic enzymes, by a method of screening on the media with casein, which
allows the determination of proteolytic indices of microorganisms. As a result of the tests
performed, five bacterial strains probably belonging to the genus Bacillus and two fungal strains
from the genera Penicillium and Cladosporium were selected.

Keywords: chrome shavings, proteolytic bacteria and fungi

INTRODUCTION

Industries of leather-manufacturing or tanneries are highly polluting and generate
significant solid and liquid wastes and obnoxious smell due to the degradation of
proteinaceous components of waste (Pillai and Archana, 2012). In addition, these
activities release gases like H.S, NH3z and CO; (Thanikaivelan et al., 2004).

The main form of solid tanned waste, constituting about 10% of the total weight of
raw materials processed, is chromium and protein in the form of “chrome shavings”
(CRS), which are small, thin pieces of leather generated during the hide shaving
operation and represent high value protein-based waste (John Sundar et al., 2011).
Chromium is added to raw hide during leather manufacture to produce chromium
tanned leather. This is done to prevent microbial degradation and produce a more
durable product.

The traditional practice of disposal of chrome shavings is by landfilling, but lately
there are restrictions on the disposal of chromium bearing waste in many parts of the
world. The existence of valuable proteins in this waste necessitates alternative waste
management strategies (John Sundar et al., 2011). In the environment, the chromium
exists in many oxidation forms, ranging from Cr2+ to Cr6+, but the most stable and
common states are trivalent, Cr(ll1) and hexavalent, Cr(\VI) species (Fendorf, 1995;
Dhala et al., 2013). Cr(lll) has a high potential for environmental contamination,
especially of aquifers and surface water, but it has a lower biological toxicity than
Cr(V1), Hexavalent chromium has a high toxicity, because of its easy diffusion across
the cell membrane in prokaryotic and eukaryotic organisms and subsequent Cr(VI)
reduction in cells, which gives free radicals that may directly cause DNA alterations as
well as toxic effects (Arslan et al., 1987; Kadiiska et al., 1994; Liu et al., 1995).

In the treatment of waste from tanning industries various physico-chemical (Lofrano
et al., 2013) and biological systems have been used (Durai and Rajasimman, 2011;
Fernandez et al., 2019), but the biological methods have low operational cost and high
efficiency in the removal of contaminants (Delgado, 2009).
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The biotechnology and green chemistry, represent sustainable activities to remediate
pollutants by eco-friendly approaches through bioremediation, waste reuse and/or by-
product recovery (Rao et al., 2002). Microbiological and enzymatic treatment of CRS
has been used to recover chromium and protein from CRS. Alkaline proteases like
alcalase and combination of trypsin and esterase are used in the preparation of soluble
collagen hydrolysate from CRS called chrome cake (Kupec et al., 2002). Along with
enzymes, the microbial management of industrial or other wastes for the removal of
hazardous compounds can be achieved through degradation, biosorption or
bioconversion to less toxic forms (Zouboulis et al., 2003; Feng et al., 2011).

An attractive and less expensive alternative for efficient disposal of leather industry
waste, especially protein waste is the biological treatment with enzyme-producing strains
of bacteria and fungi ((Pillai and Archana, 2012). The used microbial populations should
have the ability to grow in highly concentrated chromium containing environment
(Thacker et al., 2006). Although there are not many reports on microbial degradation of
CRS, some studies have shown the possibility of selecting and using hydrolytic
microorganisms. For example, Katsifas et al. (2004) obtained a fungal strain of
Aspergillus carbonarius, that is able to degrade CRS in SSF (solid state fermentation)
process and is tolerant to the presence of chromium. This fungal strain should be used in
the treatment of waste from tanning industries for the disposal of CRS.

Recently, several proteolytic bacteria of the genus Bacillus have been tested for
waste treatment in the leather industry, due to their properties for the synthesis of
hydrolytic enzymes, especially collagenases and keratinases, as well as resistance to
environmental factors. Pillai et al. isolated a hot spring bacterium, called Bacillus
subtilis P13, that is able to effectively degrade and grow using chrome shavings (Pillai
and Archana, 2012). Due to the high resistance of some compounds to biodegradation,
bioagumentation strategies have been studied, (Chen et al., 2017; Dahiya and Venkata
Mohan, 2016; Nzila et al., 2016). Bioaugmentation involves the addition of
microorganisms that have the ability to biodegrade recalcitrant molecules in a polluted
environment (Nzila et al., 2016; Fernendez et al., 2019).

Circular economy (CE) model has been tested as a new way of raw materials, water
and energy consumption reduction in the leather industry. This model was suggested for
reducing, reusing, recycling and recovering of the tannery effluents in leather
processing to the different operation processes (Kanagaraj et al., 2015).

MATERIALS AND METHODS

The chrome shavings waste comes from the process of hide shaving from the
tannery SC PIELOREX SA lilava, lIfov county.

The process of shaving is performed to obtain a uniform thickness of the skin, and
due to its low specific weight, a large volume of waste accumulates in tanneries.

The chrom shavings were analyzed for microbial load. The total number of
mesophilic aerobic germs and the number of yeasts and molds were determined by
cultural methods. In order to determine the total number of germs, the sterilized Plate
Count Agar culture medium was used and poured into Petri dishes containing 0.1 — 0.2
grams of sample and, after homogenization, the samples were incubated at 30°C. The
colony counting was performed after 48-72.

The number of yeasts and molds was performed using Potato Dextrose Agar culture
medium supplemented with chloramphenicol. The dishes were incubated at 25°C, and
the colonies were counted after 5-7 days.

The results represent the average of 3 determinations.
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Several species were isolated from the colonies using an inoculation needle, and the
microorganisms were grown in test tubes on Nutrient Agar for bacteria and Potato
Dextrose Agar for fungi. The cultures were stored at 4°C until use.

The proteolytic activity of isolated microorganisms was determined by a semi-
quantitative screening method in Petri dishes, on an agar medium containing 0.25%
casein as sole carbon source. Due to the hydrolysis of casein (which causes
opacification of the agar medium), a transparent area appears around the colonies
producing proteolytic enzymes.

After the development of the colonies (3 days for bacteria and 5 days for molds) the
diameters of the colonies and of hydrolysis zone were measured. The proteolytic index
was determined as the ratio between the 2 diameters:

_ Diameter of hydrolysis zone

Ip

@)

Diameter of colony

RESULTS AND DISCUSSION

The results obtained showed that on this type of waste there is a significant number
of microorganisms, probably most in sporulated form, such as sporogenic bacteria of
the genus Bacillus and several fungi. These microorganisms were able to withstand the
presence of chromium in CRS and to germinate and grow in Petri dishes with
autoclaved CRS samples (for 15 minutes at 121°C). The appearance of Petri dishes after
the growth of microorganisms is shown in figure 1.

Figure 1. Determination of a) total germs number and b) fungi number in Petri dishes

The average value of number of total germs was 3x10° CFU-g*, while the number
of fungi was smaller, 5.5x10> CFU-g. On Petri dishes, we can see bacterial white
colonies with a diameter of a few millimeters, shiny or rough, with irregular margins,
flat profile, and odorless.

In Petri dishes containing Potato Dextrose Agar as a culture medium for fungi, three
major types of colonies were observed. The most numerous were the green-blue
colonies, with white edges, fluffy appearance, and characteristic odor. The microscopic
preparations show thin hyphae, hyaline and reproductive structures specific to the genus
Penicillium (figure 2c). Other, less numerous, gray-beige colonies belong to the genus
Cladosporium, as can be seen under a microscope (figure 2b). The third type of
colonies, large, gray, with a pasty appearance, belong to the coenocytic molds of the
genus Mucor. They appear on the microscope slides as being made up of thicker
hyphae, some of them with black sporangia with sporangiospores (figure 2a).
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Figure 2. Microscopic aspect of a) Mucor sp., b) Cladosporium sp., ¢) Penicillium sp.

Microorganisms Producing Proteolytic Enzymes

The selection of the colonies that produce proteolytic enzymes was performed by
observing the hydrolysis of casein in the culture medium and measuring the diameter of
transparent lysis area. The proteolytic colonies were transferred in tubes and kept at 4 °C
until use. The aspect of proteolytic colonies in Petri dishes are shown in figure 3 and 4.
This test method is a semi-quantitative one, and the proteolytic activity will have to be
analyzed after this selection, by more accurate methods. The action of microorganisms
could be tested directly, by cultivating selected microorganisms in culture media
containing chrome shavings or other materials as the sole source of nutrients.

Figure 4. Proteolytic Penicillium (a) and Cladosporium (b) colonies on casein agar
medium

The values of the proteolytic indices are shown in table 1. With the exception of the
Mucor colonies, all other selected species had considerable proteolytic activity, with indices
between 1.6 and 3.3, and were isolated, cultivated and preserved for future research.

Table 1. Proteolytic indices of selected bacteria and fungi

Microorganism  Bacteria/Fungi Time, Diameter of Proteolytic
hours hydrolysis zone, cm index
B1 Bacteria 72 3 33
B2 Bacteria 72 3 1.6
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Microorganism  Bacteria/Fungi Time, Diameter of Proteolytic
hours hydrolysis zone, cm index
B3 Bacteria 72 3.4 2.2
B4 Bacteria 72 3 33
B5 Bacteria 72 35 23
Penicillium sp. Fungi 96 25 25
Cladosporium sp. Fungi 96 3.6 1.6
Mucor sp. Fungi 72 0 No proteolytic
activity

Numerous other studies have been conducted on this subject, which attest to the
importance of microorganisms in the biodegradation process of CRS. Various microbial
species producing proteolytic enzymes have been isolated, able to survive in the
presence of chromium ions and transforming the protein substrate into peptides and
amino acids (Chen et al., 2012; Desta et al., 2014; Liang et al., 2016; Ma et al., 2018).
The research has resulted in significant results on the importance of using single
microorganisms or in microbial communities, and also the effect of bioaugmentation on
prokaryotic microbial community structure (Sul et al., 2016). It has been shown that the
microbial community of wastewater treatment systems is affected by various factors
such as influent composition, operational parameters, and environmental conditions
(Chen et al., 2017; Gao et al., 2016; Niu et al., 2016).

CONCLUSION

The use of chromium-resistant proteolytic microorganisms represents an alternative
of interest for the degradation process of chromed leather waste. The selection of
microorganisms is the first step in degrading this waste into peptides and amino acids
that can be used for other purposes, such as biogas production by codigestion.

The waste represented by chrome shavings was analyzed microbiologically in terms
of the total number of germs and the number of yeasts and molds. The obtained results
showed that the samples contained 3x10% CFU-g™ total aerobic microorganisms and 550
CFU-g™* fungi, probably in sporulated form.

Of these microorganisms that resisted in the presence of chromium, several
randomly selected colonies were isolated, belonging to the group of bacteria and fungi.

The selected bacteria and fungi were tested for the production of proteolytic
enzymes by a semi-quantitative method, on a casein culture medium. These
microorganisms showed proteolytic indices between 0 and 3.3, and will be tested later
for enzyme production and hydrolysis of chromed leather waste.

5 bacterial strains probably belonging to the genus Bacillus and two fungal strains of
the genera Penicillium and Cladosporium, which had significant proteolytic activity,
were kept for further testing.

The microorganisms are therefore a permanent source of biodegrading agents, by
virtue of its tolerance to chromium and capability to utilize thermally processed
collagen present in the chrome shavings as sole protein source.
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The aim of OLIPO project is to find suitable extraction methods for an important waste of olive oil
production, wet olive pomace, in view of reclaiming it as tanning and retanning material,
alternative to petroleum origin materials. The total volume of wet olive pomace in Mediterranean
countries where olive crops are traditional is about 80% of processed olives and is the result of a
two-phase continuous extraction process. Wet olive pomace is rich in polyphenolic compounds,
fats, tannins, non-tannins, possible to be extracted, concentrated, chemical processed in view of
developing a new tanning product. The use of new renewable materials from oil industry as
biobased tanning material for leather industry represents an important step in lowering carbon
footprint of both sectors and complies with circular economy principles. The antioxidant and
antimicrobial properties of olive oil pomace can be exploited in view of increasing the efficiency
of the new product. The paper presents the characterisation of four kinds of wet olive pomace
wastes, water and water-organic solvent extracts as tanning materials in order to select the
methods for a new tanning material elaboration and testing on leathers in retanning processes.

Keywords: wet olive pomace, polyphenols, extraction methods.

INTRODUCTION

The olive oil industry and leather industry have in common the processing of
valuable agriculture products with low yields (Aradjo et al., 2015; Ludvik and Buljan,
2000) and releasing of important biomass quantities with high potential to be recovered
and recycled. Solid olive mill waste is mainly generated in two-phase extraction
processes and it is rich in organic matters with phytotoxic potential for the environment.
The reevaluation and the finding of efficient reclaiming solutions for wet olive pomace
waste represents an actual requirement; moreover, Europe target for circular economy
(European Commission, 2014) is very ambitious and proposes by 2025 to not landfill
the biodegradable and recyclable waste. OLIPO project target is to find new synergies
in olive oil industry waste processing in view of valuable tanning components recovery
and ecological sound products implementation in leather industry. The olive oil is
extracted only by mechanical methods (Souilem et al., 2017) by fruits crushing and
malaxation, followed by oil separation through pressure or centrifugation. Traditional
discontinuous process uses the extraction of olive oil by pressure and generates pomace
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and olive milling wastewater (OMWW), meanwhile the modern processes in three and
two phases use centrifugation and generate OMWW (Souilem et al., 2017). Around
98% of phenalics are released in olive oil processing by-products (Aradjo et al., 2015)
and represent a valuable component, able to replace synthesis preservatives with
potential application in medical, food or cosmetic products. The composition of
OMWW is very complex (Souilem et al., 2017) and contains fat and oils, proteins,
amino acids (glutamic acid, proline), sugars (glucose, mannitol, glucose, sucrose,
galactose), cellulose, hemicelluloses, lignin, phosphorous, phenolic compounds,
potassium, calcium and other metals (Pb, Cd, Fe, Zn, Mn, Mg, Na). The acidity of
OMWW is between 4 and 6 and is due to the malic, citric, tartric, succinic or oxalic
acids and the value depends on fruit variety, maturity time and storage conditions. The
possibility to use OMWW in hide soaking and tanning processes showed similar
performances in collagen crosslinking antioxidant and antibacterial as commercial
vegetable tanning materials (Franceschi et al., 2018). The olive mill solid waste in paste
or cake form is composed from 50-56.8% moisture, 3.8-4.6% fats and oils, 3.4-2.8%
proteins, 0.9-0.8% sugars, 17.3-14.5% cellulose, 6.6-7.9% hemicelluloses, 1.4-1.7%
ash, 8.5-10.2% lignin, 0.4-0.5 N, 0.04-0.05% P.03, 0.3-0.4% KO, 0.3-0.4% CaO and
25-29% C (Souilem et al., 2017). Phenols represent the most valuable component of
olive oil waste and the efficient use or extraction methods are not implemented at
industrial level. The composition of phenol compounds can be classified as low
molecular weight (tyrosol, hydroxyl tyrosol, oleuropein, apigenin, luteolin, p-coumaric
acid, ferulic acid, syringic acid, protocatechuic acid etc.) and high molecular weight
(tannins, anthocyanins, catechol-metaninic polymers etc.). The content of hydrolysable
tannins and condensed tannins of extractable polyphenols from olive pomace was found
to be 5.4% and 4.9%, respectively (Speroni et al., 2019). The affinity of oleuropein
(glycosylated seco-iridoid) or hydrolyzed oleuropein for collagen crosslinking was
demonstrated on collagen films (Antunes et al., 2008) or in leather processing with
commercial products (wet-green® OBE tanning agent) originated from olive leaves.
The aim of this paper is the characterization of wet olive pomace waste as biobased
resource for tanning materials extraction and formulation.

EXPERIMENTAL
Materials and Methods

Wet Olive Pomace Waste

Four types of olive waste (Table 1) originated from 2-phase extraction process, by-
products of the olive pomace (Arbequina, Palomar and Agro lgualada) and from 3-
phase extraction process (Polpa d’oliva), in dry condition were received from different
Spanish olive oil companies. In table 1 the aspect of 4 kinds of olive waste in dry state
as they were received and after grinding with a coffee grinder are presented.

Table 1. Olive waste from 2- and 3-phase extraction processes of olive oil

\ L

Arbequina Palomar Agro lgualada Polpa d’oliva
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Olive Pomace Waste Characterization

The characterization of olive solid waste was performed according to standardized
methods for tanning materials: dry substance (SR EN I1SO 4684:2006), ash (SR EN ISO
4047:2002), total nitrogen and protein content using 6.25 conversion factor (SR EN
5397: 1996), extractible substances (SR EN ISO 4048: 2018), total residuum, total
soluble substances, non tannins, tannins (shaking method), insoluble substances, tanning
power, binding power (SR 1883: 2008) and pH (STAS 86193/3: 1990). The total
phenols were analyzed following Folin-Ciocalteu method (Singleton et al., 1999). To
obtain the phenols content 15 g of olive waste sample were magnetically stirred for 24
hours in 60 mL solution of 80% methanol. After stirring, the samples were ultrasounded
for one hour and then filtered on Whatman paper. The UV-VIS spectra (JASCO V550)
were recorded at A =740 nm on a calibration curve made with gallic acid.

ATR-FTIR spectroscopy was performed on solid extracts in order to compare the
chemical profile of different olive waste products and to understand the differences in
their tanning properties by using a Jasco FT-IR 400 equipment from JASCO, Metertech.

Extraction Methods

The extraction methods were based on the variation of different conditions in
aqueous and alcohol medium, at 55°C or by ultrasound (EImo ultrasound bath, 280 W)
and are presented in Table 2 for ground Polpa d’oliva.

Table 2. Extraction methods for olive waste

Sample Extraction conditions
El water at pH= 2, 1: 40 (w/w), 1 h ultrasound.
E2 water at pH= 2, 1: 40 (w/w), 4 h at 55°C.
E3 water, 1: 40 (w/w), 1 h ultrasound.
E4 water, 1: 40 (w/w), 4 h at 55°C.
E5 water: ethanol = 1:1 (v/v), pH=2, 1:40 (w/w), 1h ultrasound.
E6 water: ethanol = 1:1 (v/v), pH= 2, 1:40 (w/w), 4h at 55°C.
E7 water: ethanol = 1:1 (v/v), 1:40 (w/w), 1h ultrasound.
E8 water: ethanol = 1:1 (v/v), 1:40 (w/w), 4h at 55°C.
E9 water: methanol=1:1(v/v), pH= 2, 1:40 (w/w), 1h ultrasound.
E10 water: methanol = 1:1 (v/v), pH= 2, 1:40 (w/w), 4h at 55°C.
Ell water: methanol = 1:1 (v/v), 1:40 (w/w), 1h ultrasound.
E12 water: methanol = 1:1 (v/v), 1:40 (w/w), 4h at 55°C.

RESULTS AND DISCUSSIONS

Olive Waste Characterization

The analyses of solid olive mill waste are presented in table 3 and show that the
moisture is higher for Palomar (13.92%) as compared to Polpa d’oliva with 7.76%
volatile matters, values which are lower than other solid olive waste with 19-27%
moisture (Souilem et al., 2017). The ash and protein contents are higher for Polpa
d’oliva as compared to the other 3 olive wastes meanwhile the extractible substances are
the highest in Arbequina waste. The pH variation is between 5.05 and 6.15, in the range
of reported olive waste pH values (Souilem et al., 2017). The tanning power has the
values which are not in agreement with total phenol content (table 4), probably due to
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the low molecular phenol content of Polpa d’oliva waste and lower solubility. The
tanning power was ranked as follows: Arbequina > Palomar > Agro Igualada > Polpa
d’oliva. The binding power was not detectable due to the low concentration of the
soluble substances in the analytical solution prepared directly from the solid wastes.
From table 4 it can be seen that the phenols concentration extracted with methanol is
highest in Polpa d’oliva and very similar in Arbequina and Palomar, all values being in
the range of the stated values of 0.4-2.4 g GAE/100 g pomace for solid olive mill wastes
(Demeche et al., 2013).

The phenols content of analytical solutions and non tannin solutions shows that the
Arbequina water extracted phenols have the highest affinity to hide powder as
compared to the other extracts and confirms the potential low molecular weight phenol
content of Polpa d’oliva waste.

Table 3. Physical-chemical characteristics of solid olive waste

Characteristics Solid olive waste

Arbequina  Palomar Agro Polpa

Igualada  d’oliva

Dry substance, %, 89.31 86.08 90.24 92.24
Ash, % 2.65 1.74 2.40 6.18
Total nitrogen, % 0.76 0.70 1.17 2.23
Protein, % 4.75 4.38 7.31 13.93
Extractible substances % 14.48 10.90 11.71 7.92
Total residuum, %, 29.49 34.73 25.00 20.72
Total soluble substances, % 18.54 9.31 14.22 13.98
Non tannin, % 15.14 6.88 12.06 11.94
Tannin, % 3.40 2.43 2.16 1.77
Insoluble substance, % 10.95 25.42 10.78 8.51
pH (1:10), pH units 5.10 5.05 5.52 6.15
Tanning power, % 3.10 1.77 1.97 1.52
Binding power, % nd nd nd nd

Table 4. Total phenols in methanol (1), analytical water solution (2) extracts
and in non tannins (3) of olive waste

Sample Phenols,
mg GAE/g olive waste
1 2 3
Arbequina 12.69 115 4.23
Palomar 12.57 7.50 3.56
Agro Igualada 6.74 9.62 8.31
Polpa d’oliva 19.02 13.96 4.38

The main components of olive waste (Fig.1) can be recognized from the main
functional groups vibrations (Hamed et al., 2005; Erdogan et al., 2015): polyphenols,
alcohols and carboxylic compounds (3258-3311.18 cm™), cellulose (2922.59-2925.48
cmtand 2853.15-2854.43 cm't), hemicelluloses in Agro Igualada and Arbequina (1740-
1743 cm™), oleuropein (1022.05-1078 cm?), proteins (1631.48-1637.27 cm™ and 1598
cmt), phenols (1371.14-1375.96 cm™*) and R-glycoside links (1151-1156.12 cm'Y).
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The absorption intensity at polyphenol wavelength was recorded for Arbequina
waste product as the most intense, compared to the others, which is in agreement with
tanning affinity.

0.35:Arbequina
Palamar
Agro Igualada

0.30-

0.25:

0.20

2924.09

Absorbance

0.15:

T1457.34
1376.88

1743.60

3256.92

T 2853.33

0.10-

~ 159734

0.05:

0005

Figure 1. ATR-FTIR of solid olive waste: 1- Palomar, 2- Polpa d’oliva,
3- Agro lgualada, 4- Arbequina

Olive Waste Extracts Characterization

The total phenols of tested extracted methods performed on Polpa d’oliva waste
(Table 2) are presented in Figure 2 and allowed to conclude that the extraction in
acidulated water and assisted by ultrasound was the most efficient (15.32 mg GAE/g
pomace). Similar phenol concentrations, between 7.72-9.42 mg GAE/g pomace, were
extracted in acidulated water or in water heated at 55°C for 4 hours, or in water by
ultrasound for 1 hour (Figure 2).

Further research will be carried out for high molecular weight phenols identification
(tannins, anthocyans, catechol-metaninic polymers etc. (Speroni et al., 2019)) in
correlation to extraction methods and tanning properties.

Total phenals (mg GAER)

E1 EZ E3 E4 ES EB ET E2 E2 E10 E11 E1Z
Polpa d'oliva extracts

Figure 2. Total phenols content of Polpa d’oliva waste extracts
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CONCLUSIONS

OLIPO project aims are to find the suitable synergies for circular economy between
olive oil and leather industries by exploiting the valuable polyphenol content of wet
pomace wastes. Four solid olive pomace wastes were characterized from the tanning
properties point of view. The experimental on extraction methods showed that the acidic
conditions and ultrasound treatment are the most suitable for polyphenol solubilization.
Further research will be focused on tanning and retanning experiments for a renewable
product development.
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EVALUATION OF COMBINATION TANNING AND NATURAL FINISHING
ON SHEEP LEATHER WITH Uncaria Gambir Roxb EXTRACT
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The discovery of natural local resources for tanning and coloring agents are growing dramatically
to sustain a cleaner leather manufacturing technology. Gambir (Uncaria gambir Roxb) has been
found potential as tannin and dyestuffs for leather and textile industry. Therefore, to explore these
issues, a combination tanning and finishing system were evaluated to observe the efficiency of
this extract on leather processing. A combination tanning system based on chrome or
glutaraldehyde — gambir and followed by gambir as coloring agent with different concentrations
(100 - 200 parts/L) have been applied. In this FTIR (Fourier-transform infrared spectroscopy)
analysis of gambir extract showed the presence of phenolic hydroxyl group. Our results revealed
that chrome - gambir and glutaraldehyde - gambir finished leather product with 150 parts/L of
gambir extract showed excellent rub fastness, color fastness to perspiration and washing. Most of
the result values obtained were generally at satisfactory levels which were between 3/4 and 5
fastness values. Visual evaluation reported that chrome-gambir finished leather product with 150
parts/L of gambir extract exhibited better uniformity of colour fastness.

Keywords: combination tanning, natural finishing, Uncaria gambir Roxb

INTRODUCTION

The leather tannery industry is one of the oldest industries in the world, in which
need developing to meet requirements of the consumer. The various consumers and
agencies expect the industry to limit the use of the hazardous materials. Tanning and
leather finishing process is the critical step in leather manufacture. Mainly, chrome is
used as tanning agents, in which have a negative impact for environment and health
(Adiguzel-Zengin et al., 2017; China et al., 2020). While, finishing leather is the last
step in whole process of leather manufacture on determination of the leather appearance
(Ariram and Madhan, 2020, Sathish et al., 2016). Thus, in the conventional leather
making, tanning process produced chrome in form sodium dichromate, and leather
finishing use chrome in azo dyes formed azo-chromophore (Dixit et al., 2015).

Recently, eco-friendly tanning using plants and glutaraldehyde is the promising
alternative for finishing leather process. Generally, this step consists of base coat and
top coat, in which the base coat aims to give color effect in the leather. The colorant
material can be categorized as a dyes and pigments (Covington and Wise, 2020).

Nowadays, the various consumers and agencies require the industry to limit the use
of azo dyes in the manufacture of leather, and there is a rising awareness of the
environment leads to the expanding demand of natural material and products (Tamil
Selvi et al., 2013). Plants are the main natural resource to replace pigment for leather
coloring purposes. Each species of the plant has its natural colorant (Gong et al., 2019).
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Tamil Selvi et al. (2013) reported that chrome-tanned leather was dyed and finished by
a natural dye extract showed better coloring properties.

Gambir (Uncaria gambir Roxb) is one of the typical plants from West Sumatera,
Indonesia that known as a vegetable tannin (Maier et al., 2017) and is also usually used
for textile dyes (Morakotjinda & Nitayaphat, 2016). However, the application of gambir
extract for tanning agents and dyestuff of leather have not been explored yet. Thus, the
objective of this study is to investigate the fixation of dyes to differently tanned-leather
and to evaluate its employability in the process of natural dyeing. This approach will
involve a measuring various colors and fastness that leather gains when applied with
gambir through the use of different its concentration.

EXPERIMENTAL

Material and Instrument

Natural source of dyeing agent in this study were Uncaria gambir Roxb which
procured from CV. Rasdi & Co., West Sumatera, Indonesia. Pickled sheepskins were
obtained from local tanneries in Yogyakarta, Indonesia and all chemicals of experiment
were commercial grades. FT-IR ATR measurement was carried out on a Perkin Elmer
instrument (Spectrum one, wavelength range 500 — 4.500 cm™) to place the functional
groups present in the gambir extract. Rub fastness test was determined according to
(ISO, 2012), while colour fastness to perspiration and washing was determined
according to (BSI, 1990).

Gambir Extraction

Gambir was used as a natural tanning and dyeing agent in the finishing process.
After procured the gambir, sample was then ground using grinder machine Retsch
Gmbh 5657 HAAN type SK1 and filtered manually using a sieve. Five hundred grams
of ground gambir was extracted with 1500 mL of water in the Memmert water bath for
5 hours and stirred occasionally. Subsequent extract of dye solution was filtered and
concentrated under vacuum filtration.

Leather Tanning Procedure

Six samples of sheepskin were treated with two different tanning combination:
glutaraldehyde-gambir and chrome-gambir. Then, the finishing leathers were applied
with a various level of gambir extract as natural dyes.

Table 1. Sample identification

Sample Tanning agent Quantity of gambir for
identification finishing (parts/L)
GG100 glutaraldehyde — gambir 100
GG150 glutaraldehyde — gambir 150
GG200 glutaraldehyde — gambir 200
CG100 chrome — gambir 100
CG150 chrome — gambir 150
CG200 chrome — gambir 200
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Table 2. Formulation of the tanning process

Process Product % Duration (min)
Salt 8 10
Repickle Water 100
Sodatan SB 2 30
Sodatan TSN 2 30
Pretanning Tannit LSW 0,5 30
Tanning Chrome/glutaraldehyde 6 60
Baking Soda (NaHCOs) 05-2 3x15
Gambir extract 25 6 x (30 @ 15)
Drained, aged, and shaved
Retanning Acrylic Syntan 6 60
40 °C water 70
Synthetic fatliquor 16
Fatliquoring 40 °C water 40 120
Synthetic fatliquor 16
Fixating Formic acid (HCOOH) 15 2x30
Antifungal Antifungal agent 0,05 30
Masking Catalix GS 1 15

Leather Finishing Procedure

The finishing procedure of two steps: basecoat and topcoat. For the base coat, the
gambir extract was varied at100, 150, and 250 parts/L (Table 2).

Table 3. Basecoat formulation

Quantity (g/L)

Materials 100 150 200
Medium soft acrylic (RA 193) 150 150 150
Soft acrylic (RA 1) 100 100 100
Soft Uretane (Resin Uretane) 50 50 50
Wax filler 35 35 35
Penetrator 15 15 15
Gambir (Dyes) 100 150 200
Water 550 500 450

To protect the base coat and improve the properties of leather, the leather was treated
using lacquer water, water, and KS water for the top coat. The formulation of topcoat
was presented at Table 4.

Table 4. Topcoat formulation

Materials Quantity (g/L)
Lacquer water 500
Water 350
KS water 150
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RESULTS AND DISCUSSION
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Figure 1. FTIR Spectra of gambir extract

The FTIR Spectra of gambir extract can be seen in Fig. 1. In the spectra, the broad
band that falls in the range of 3700 — 3200 cm is attributed to the fundamental
stretching vibration of —OH groups. The peak at 1631 cm™ is associated with the
aromatic C=0 stretching. Further, the peak at 1288 cm* corresponds to the phenol C-O,
while at 1053 cm! is stretching vibration of C-O-C. In general, FTIR spectra for gambir
extract indicated that gambir extract containing an anthocyanin, in which the core
component of natural dyeing.

Rub Fastness

Wet and dry colour fastnesses of leathers analyzed on the grain sides to rubbing are
comparatively shown in Table 5. The higher quantity of gambir extract showed the low
value of wet rub fastness of glutaraldehyde-gambir finished leather. Whereas, chrome-
gambir tanned leather finished at 200 parts/L gambir extract also obtained lower wet rub
fastness value than at 150 parts/L. Various quantity of gambir extract resulted in
excellent rub fastness with no variation (4/5 at dry basis) on glutaraldehyde-gambir
finished leather. Meanwhile, 100 parts/L of gambir extract has the highest dry rub
fastness for chrome-gambir finished leather.

The rate of 4/5 on dry basis implies that leather has good to very good fastness,
while the rate of 5 showed very good fastness on the finished leather (Colak and
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Ortafidan, 2016; Berhanu & Ratnapandian, 2017). It was observed that the higher parts
of gambir in the finishing process did not increase the wet and dry rubbing fastness. The
addition of 200 parts/L gambir extract on base coating resulted in lower wet and dry
basis rub fastness. However, the drying rubbing fastness of the leather proved to have
the same or higher values compared to wet rubbing fastness. Leather rub fastness could
be affected by a combination of pigment, resin, and binder used for base coat (Sundar et
al., 2006).

Table 5. Dry and wet rub fastness test results

Rub fastness Glutaraldehyde — Gambir Chrome — Gambir
GG100 GG150 GG 200 CG 100 CG 150 CG 200
Wet 4 4 3/4 3/4 4 3/4
Dry 4/5 4/5 4/5 5 4/5 4/5

Colour Fastness to Perspiration

The leather colour fastness to perspiration in all combinations were separately
analyzed on the grain sides and are shown comparatively in Table 6. The staining to
each type of fiber (acetate, cotton, polyamide, polyester, acrylic, and wool) and the
colour change in the experimental piece were assessed. This method was analyzed using
a Grey scale and rated from 1-5, where the value close to 5 means that leather has
excellent fastness properties (Prakash, et al., 2016). In Table 6. presented the values of
colour fastness of different tanned and finished leather with varied gambir extract in
terms of acetate, cotton, polyamide, polyester, acrylic, and wool.

Table 6. Colour fastness to perspiration test result

Colour fastness Glutaraldehyde — Gambir Chrome — Gambir
to perspiration GG 100 GG 150 GG 200 CG 100 CG 150 CG 200
Acetat 4 4/5 3/4 3/4 5 3/4
Cotton 3 3/4 3 3/4 4 3
Polyamide 3/4 4/5 3/4 4 4/5 4
Polyester 3/4 4 3 3/4 4/5 3/4
Acrylic 4 4 3 3/4 5 3/4
Wool 3 4 3 3/4 4 3/4

Thus, examination of Table 6 revealed that the fastness of chrome-gambir tanned
leather are slightly better compared to glutaraldehyde-gambir finished leather. It also
showed that the concentration of gambir (150 part/L) exhibited better colour fastness.
Overall, the result of colour fastness to perspiration samples were quite good value (not
less than 3), especially at concentration of Gambir 150 parts/L.

Colour Fastness to Washing

This colour fastness to washing test could determine the colour resistance of leather
samples to washing under domestic conditions. The staining materials were similar with
colour fastness to perspiration. Before washing and drying, samples were agitated in a
neutral of synthetic solution. The result of colour fastness to washing test samples are
shown in Table 7. Compared with each material samples, chrome-gambir tanned leather
at 150 parts/L produced slightly higher value of colour fastness to wool. However, all of
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finished leather with glutaraldehyde-gambir and chrome-gambir showed excellent
colour fastness to washing value.

Table 7. Colour fastness to washing test result

Wash fastness GG100 GG 150 GG 200 CG100 CG150 CG 200

Acetat 5 5 5 5 5 5
Cotton 4/5 4/5 4/5 4/5 4/5 4/5
Polyamide 5 5 5 5 5 5
Polyester 5 5 5 5 5 5
Acrylic 5 5 5 5 5 5
Wool 4/5 4/5 4/5 4/5 5 4/5

Visual Assessment

The visual assessment of finished leather showed different unique colour as Figure
2. The higher proportion of gambir extract on base coating resulted the darker colour of
chrome-gambir finished leather. The use of 200 parts/L of gambir extract showed a
better colour uniformity for both glutaraldehyde-gambir and chrome-gambir finished
leather, while finished leather at low concentration of gambir was less consistency. At
the similar quantity of gambir extract, the chrome-gambir finished leather produced a
slightly darker colour than glutaraldehyde-gambir tanned leather.

GG100 GG150 GG200

CG100 CG150 CG200
Figure 2. Photograph samples of finished leather
On the other hand, at 100 parts/L of gambir extract generated less uniform colour.
Because of the concentration of gambir is dilute, the penetration of dye to leather could

not as good as concentrated dyes (200 g/L). The concentrated dye provided the finished
leather was darker.
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CONCLUSIONS

One hundred fifty parts/L of gambir extract at base coating (finishing stage) were
conclude as optimum concentration for the finished leather, resulted the value of the rub
fastness, colour fastness to perspiration, and colour fastness to washing are excellent.
Here, Uncaria Gambir Roxb (Gambir) provides an alternative of natural dyeing for
finishing leather and support for eco-benign leather finishing process. However, further
exploring about natural local resources for tanning and dyeing agents in Indonesia is on
progress.

REFERENCES

Adiguzel-Zengin, A.C., Zengin, G., Kilicarislan-Ozkan, C., Dandar, U. and Kilic, E. (2017), “Characterization
and application of Acacia nilotica L. as an alternative vegetable tanning agent for leather processing”,
Fresenius Environmental Bulletin, 26(12), 7319-7326.

Ariram, N. and Madhan, B. (2020), “Development of bio-acceptable leather using bagasse”, Journal of
Cleaner Production, 250. https://doi.org/10.1016/j.jclepro.2019.119441.

Aslan, A. (2013), “Improving the dyeing properties of vegetable tanned leathers using chitosan formate”,
Ekoloji, 35(86), 26-35, https://doi.org/10.5053/ekoloji.2013.864.

Berhanu, T. and Ratnapandian, S. (2017), “Extraction and Optimization of Natural Dye from Hambo Hambo
(Cassia singueana) Plant Used for Coloration of Tanned Leather Materials”, Advances in Materials
Science and Engineering, https://doi.org/10.1155/2017/7516409.

British Standard Institution (1990), “BS 1006:1990: Methods of test for colour fastness of textiles and
leather”.

China, C.R., Hilonga, A., Nyandoro, S.S., Schroepfer, M., Kanth, S.V., Meyer, M. and Njau, K.N. (2020),
“Suitability of selected vegetable tannins traditionally used in leather making in Tanzania”, Journal of
Cleaner Production, 251, 119687, https://doi.org/10.1016/j.jclepro.2019.119687.

Colak, S.M. and Ortafidan, T. (2016), “Ecofriendly dyeing process with enzymes”, Proceedings of the 6
International Conference on Advanced Materials and Systems, https://doi.org/10.24264/icams-2016.iii.3.

Covington, A.D. and Wis, W.R. (2020), Tanning Chemistry. The Science of Leather, 2" Edition, Royal
Society of Chemistry, London.

Dixit, S., Yadav, A., Dwivedi, P.D. and Das, M. (2015), “Toxic hazards of leather industry and technologies
to combat threat: A review”, Journal of Cleaner Production, 87(C), 39-49,
https://doi.org/10.1016/j.jclepro.2014.10.017.

Gong, K., Pan, Y., Rather, L.J., Wang, W., Zhou, Q., Zhang, T. and Li, Q. (2019), “Natural pigment during flora
leaf senescence and its application in dyeing and UV protection finish of silk and wool--a case study of
Cinnamomum Camphora”, Dyes and Pigments, 166, 114-121, https://doi.org/10.1016/j.dyepig.2019.03.037.

ISO (International Organization for Standardization) (2012), “1SO 20433:2012 (IULTCS/IUF 452): Leather --
Test for colour fastness -- colour fastness to crocking”.

Maier, M., Oelbermann, A.L., Renner, M. and Weidner, E. (2017), “Screening of European medicinal herbs
on their tannin content—New potential tanning agents for the leather industry”, Industrial Crops and
Products, 99, 19-26, https://doi.org/10.1016/j.indcrop.2017.01.033.

Morakotjinda, P. and Nitayaphat, W. (2016), “Dyeing properties and color fastness of cotton fabrics dyed with
uncaria gambir extract by the padding techniques”, Key Engineering Materials,
https://doi.org/10.4028/www.scientific.net/KEM.675-676.505.

Prakash, A., Aravindhan, R., Fathima, N. and Raghava-Rao, J. (2016), “Dyeing of chamois leather using
water soluble sulphur dyes”, Journal of the American Leather Chemists Association, 111(10), 383-388.

Sathish, M., Madhan, B., Sreeram, K.J., Raghava Rao, J. and Nair, B.U. (2016), “Alternative carrier medium
for sustainable leather manufacturing - A review and perspective”, Journal of Cleaner Production, 112,
49-58, https://doi.org/10.1016/j.jclepro.2015.06.118.

Sundar, S., Vijayalakshmi, N., Gupta, S., Rajaram, R. and Radhakrishnan, G. (2006), “Aqueous dispersions of
polyurethane-polyvinyl pyridine cationomers and their application as binder in base coat for leather
finishing”, Progress in Organic Coatings, 56(2-3), 178-184, https://doi.org/10.1016/j.porgcoat.2006.04.001.

Tamil Selvi, A., Aravindhan, R., Madhan, B. and Raghava Rao, J. (2013), “Studies on the application of
natural dye extract from Bixa orellana seeds for dyeing and finishing of leather”, Industrial Crops and
Products, https://doi.org/10.1016/j.indcrop.2012.07.015.

Zengin, G., Sardroudi, S.P., Bitlisli, B.O. and Adiguzel Zengin, A.C. (2016), “Effect of various tanning
processes on characteristics of lining leathers”, 6th International Conference on Advanced Materials and
Systems (ICAMS), 435-440, https://doi.org/10.24264/icams-2016.111.21.

https://doi.org/10.24264/icams-2020.11.11

175



Evaluation of Combination Tanning and Natural Finishing on Sheep Leather
with Uncaria gambir Roxb Extract

https://doi.org/10.24264/icams-2020.11.11

176



ICAMS 2020 — 8" International Conference on Advanced Materials and Systems
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Textile wastewater effluents are considered one of the most polluting sources, among all industrial
sectors, in terms of both effluent volume and composition, with high BOD and COD values.
Biochemical Oxygen Demand (BOD) represents the amount of oxygen consumed by bacteria and
other microorganisms in decomposing organic matter under aerobic conditions. Chemical Oxygen
Demand (COD) represents the measurement of the oxygen required to oxidize soluble and
particulate organic matter in water. The main goal of the present study was the investigation in
reduction of both BOD and COD concentrations, in a textile wastewater source, using bio-
augmented MBBR specific HDPE carriers (composition: 5% talc, 7% cellulose and 88% High-
Density-Polyethylene). The HDPE carriers were bio-augmented in an experimental laboratory
installation with five fungi microbial strains (either as a mix or individual strain): 3 own microbial
isolates (from decaying wood source) and 2 collection strains, namely Cerioporus squamosus
(Basidiomycota phylum) and Fusarium oxysporum (Ascomycota phylum). Results showed a
reduction rate of COD value of 53.45%, of HDPE carriers bio-augmented in the experimental
laboratory installation (mix inoculation), and BOD reduction rates between 28% (carriers bio-
augmented with isolate #2) and 61% (carriers bio-augmented with Cerioporus squamosus strain).

Keywords: BOD, COD, MBBR

INTRODUCTION

Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) are
general indicators of water quality. The biochemical consumption of oxygen represents
the amount of oxygen consumed by microorganisms, in a time interval, for the
biochemical decomposition until mineralization of the organic substances contained in
the water. Chemical oxygen consumption (COD) analysis is designed to measure the
maximum amount of oxygen that can be consumed by organic matter in a given water
sample. This is important, because when organic pollutants are discharged into the
aquatic environment, it will normally take up dissolved oxygen during its subsequent
degradation thus reducing the amount of oxygen available for the respiration of fish and
other aquatic life (Cazaudehore et al., 2019). Chemical oxygen consumption is an
important parameter for water quality because, similar to biochemical oxygen
consumption (CBO), it provides an index to assess the effect that discharged wastewater
will have on the environment (Jouanneau et al., 2013). Higher CCO levels mean a
higher amount of oxidizable organic compounds in the sample, which will reduce the
level of dissolved oxygen (OD). A reduction in dissolved oxygen can lead to anaerobic
conditions, which are detrimental to aquatic life forms. Often, COD analysis is used to
estimate BOD (Biological Oxygen Demand) values, between these 2 indicators existing
strong correlations (Zhu et al., 2018).
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MATERIALS AND METHODS

Treatment Installation and Wastewater Source

Wastewater treatment was carried out on a previously developed laboratory
treatment installation, designed for High Density Polyethylene carriers bio-
augmentation, which allows continuous media aeration (Figure 1).

Vo
ey

Figure 1. Experimental installation

To demonstrate the efficiency of the experimental installation, samples of
wastewaters were taken from the wastewater storage basin of INCDTP Bucharest, water
resulted from specific technological processes, without any applied processing step.

HDPE Carriers Bio-Augmentation

Polymeric carriers with 5% talc, 7% cellulose and 88% HDPE composition were
used in bio-functionalization experiments in the experimental treatment installation.
Bio-augmentation experiments were carried with five microbial strains, three decaying
wood isolates (T1, T2 and T3), and two collection isolates: Cerioporus squamosus and
Fusarium oxysporum. Preliminary bio-augmentation of the HDPE carriers was carried
out on each batch, in a volume of 12L (final volume), with the addition of liquid
medium based on potato extract and dextrose. In case of COD analysis, the carriers
were functionalized with a volume of 500mL of mix inoculum from all 5 selected
strains (100mL of inoculum for each strain). For BOD analysis, the carriers bio-
augmentation process was performed individually on each of the five selected microbial
strains. The preliminary bio-augmentation process was carried out for 20 days, at 28°C,
with continuous aeration, in a Lovibond thermoreactor.

BOD Method

BOD analysis was carried out on a BOD Direct (Hach Lange) equipment, at 5 days.
The analysis is performed in sealed bottles, in which the incubation is performed at the
specified temperature for 5 days. Dissolved oxygen is measured initially and after
incubation, and BOD value is calculated from the difference between the initial and
final DO (Kolaf et al., 2005). Because the initial DO is determined shortly after
dilution, all oxygen uptake that occurs after this measurement is included in the CBO
measurement. To ensure adequate biological activity, the pH of the water was corrected
in the range of 6.5-7 (with NaOH / HCI). Due to the very small section of the bottle
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opening, the previously functionalized polymeric supports, with each strain, were
sectioned into 2, and a number of ~ 20 carriers were added to each BOD bottle (Figure
2), over which a volume of 300mL of wastewater was poured. The process was carried
out for 5 days, with incubation at 20°C, and continuous stirring, in Lovibond
thermoreactor.

T1 strain T2 strain

T3 strain

Cerioporus squamosus Fusarium oxysporum

Figure 2. BOD bottles with DO counter

Aerobic biodegradation consists in the oxidation of biological organic matter.
During this process, the organic matter is transformed by microorganisms into microbial
biomass, produced during the biodegradation reaction, assessed according to the
following equation:

N,P,MN
XO +S+02—)Xf+Tp +C02+H20

@

where: Xo: initial biomass; S: organic carbon source; O,: oxygen; N: nitrogen source; P:
phosphorous source; MN: mineral nutrients; Xy final biomass; T,: products obtained
following biodegradation.

For assessment of biochemical oxygen consumption, an incubation period of 5 days
was established at a temperature of 20°C and initial CBOs was noted. The biochemical
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oxygen consumption after 5 days was considered the difference obtained between the
determination of dissolved oxygen from the initial sample and that after five days from
incubation. Biochemical oxygen consumption (CBOs) is the amount of oxygen,
expressed in mg/L, required for the oxidation of organic substances in water by the
microorganisms after 5 days of incubation.

COD Method

After the bio-functionalization period, the entire treatment media was evacuated,
leaving only the polymeric supports in the reaction vessel. The installation was again
loaded with 121 of wastewater. The process was carried out for 14 days, at 28°C, with
continuous aeration, in Lovibond thermoreactor. COD values were detected at the
beginning of the experiment (TO) and after the end of the experiment (T14), and the
result was expressed as a percentage reduction. COD analysis was carried out according
to SR 1SO 6060, which implies the boiling with reflux for a certain duration, of the
water samples mixed with mercury sulphate (111), with a known volume of potassium
dichromate, in the presence of a silver catalyst in a strongly acidic environment (sulfuric
acid), so that part of the potassium dichromate is reduced by the oxidizable materials
present. The excess potassium dichromate was titrated with iron (111) sulphate and
ammonium solution. The COD value was calculated from the reduced amount of
potassium dichromate. For the boiling stage with reflux, a C.0.D. thermoreactor was
used, namely ECOG6, Velp Scientifica type, with a temperature set to 200°C.

All reagents used were of known analytical quality:

1. Sulfuric acid (p=1,84 g/mL). ¢(H2SO.) = 4 mol/L;

2. Silver sulphate (Ag2S0.);

3. Potassium dichromate, reference standard solution. ¢(K2Cr.07) = 0.040 mol/L;

4. Iron (11) sulphate and ammonium, titrated solution. c[(NHa)2Fe(SO.).* 6H2] =
0.12 mol/L;

5. Ferroin (as an indicator solution).

The chemical oxygen consumption (COD) expressed in milligrams oxygen per liter
is calculated according to the formula:

COD (mg/L) = [800c(V1-V2)]/Vo (2

where: ¢ = concentration of the amount of substance of iron (Il) sulphate and
ammonium solution; Vo = the volume of the sample to be analyzed, before dilution (if
performed), in milliliters; V1 = volume of iron (I1) sulphate and ammonium solution,
used for titration of the control sample, in milliliters; V> = volume of iron (II) sulphate
and ammonium solution, used for titration of the sample to be analyzed, in milliliters;
8000 = molar mass of ¥ O,, in milligrams per liter.

RESULTS AND DISCUSSIONS

A BOD meter was used to measure the initial concentration of dissolved oxygen
(mg/L) in each sample container. After five days, the final dissolved oxygen
concentration was measured. The concentration of CBO was expressed as difference
between initial one and after the incubation, the percentage reduction values of the CBO
values for each set of functionalized polymeric supports being highlighted in Figure 3.
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Percentage reduction of BOD value

R% Fusarium o

R% Cerioporus s

Figure 3. CBO percentage reductions for each strain

The highest reduction rate of CBO value, at 5 days, can be observed on polymeric
carriers functionalized with Cerioporus squamosus strain (WRF strain - White Rot
Fungi), with 61%, and at the opposite pole, the T2 isolate showed the lowest rate of
percentage reduction, respectively 28%.

COD analysis is a general indicator of the water quality, measuring the capacity of
dissolved oxygen depletion, in the samples contaminated with organic matter (Zhang et
al., 2017). Specifically, the analysis determines the equivalent amount of oxygen
required for chemical oxidation of organic compounds in water. The results highlighted
an initial COD value of 61.075mg/L. Following the treatment, in the experimental
installation, a reduction of the COD value of 53.45% (32.644mg/L) was observed
(Figure 4).

Percentage reduction of the COD
value: initial vs final

53:45

0
Initial Post-tratare

Figure 4. Percentage reduction of the COD value
Following microbial treatment, with bio-augmented HDPE carriers, a satisfactory
reduction of the COD value could be observed, also taking into consideration the

possibility of a high bacterial load in the wastewater, which can have a real inhibitory
effect on fungal populations.
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CONCLUSIONS

Present study aimed the exploitation of novel wastewater treatment technique,
consisting of bio-augmentation of HDPE structures with either singular fungal strains or
mix of strains (representatives of both Ascomycota and Basidiomycota phyla).

Based on a previous microbial screening, regarding ability to colonize HDPE
structures, five microbial strains were selected, representing the phyla Ascomycota and
Basidiomycota: own isolates T1, T2 and T3, and two collection strains, respectively
Cerioporus squamosus and Fusarium oxysporum. Experiments were performed to
reduce the values of both Chemical Oxygen Consumption (COD) in the experimental
installation, on polymeric supports functionalized with the Cerioporus squamosus
strain. The obtained results showed good rates of reduction of COD values (percentage
reduction of 53.45%). At the same time, the installation was tested for the
functionalization of 5 batches of polymeric supports, with the five selected strains, and
the BOD analysis was performed at 5 days, highlighting rates of reduction of BOD
value between 28% (isolated T2) and 61% (Cerioporus squamosus). Results obtained
show promising applicability of artificial bio-augmented HDPE carriers for treatment of
wastewater (Yang et al., 2009).
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In this study, the antimicrobial activity of essential oils obtained from Thymbra spicata L.,
Lavandula angustifolia Mill. and Myrtus communis L. on the pathogens causing eczema
Staphylococcus aureus (ATCC 29213), Staphylococcus epidermidis (ATCC 12228), Escheria coli
(ATCC 25922), Acinetobacter baumannii (ATCC 43498), Pseudomonas aeruginosa (ATCC
27853) ve Candida albicans (ATCC 90028) were investigated. The MIC and MBC values of the
essential oils used in the study against the pathogens causing eczema were determined. As a result
of the results obtained, antimicrobial activity of plant essential oils used in the study on test
microorganisms was determined. Among the essential oils, it was found that the most effective
essential oil was thyme followed by the lavender.

Keywords: Essential oil, Eczema, GC-MS, Antimicrobial

INTRODUCTION

Turkey; It has a rich vegetation due to its geographical location, climate and wide
area. It also contains many medicinal and aromatic plants (Faydaoglu ve Siiriictioglu,
2011). Medicinal and aromatic plants are used as a drug in traditional and modern
medicine to prevent, cure or maintain health (Anonim, 2012). Essential oils are obtained
from various parts of the plant such as flowers, buds, seeds, leaves, branches, wood,
fruit and roots, and approximately 1/3 of nearly 300 plant families growing in nature
contain essential oil (Anonim, 2013). Although the mechanism of action of essential
oils varies according to their active ingredients, they have antimicrobial, carminative,
coloretic, sedative, diuretic, antispasmodic effects (Maksimovic ve ark., 2005).

Thymbra spicata L. is widely grown in the Aegean, Mediterranean and Southeastern
Anatolia Regions. In bush form, it grows up to 15-50 cm. Flowering stems are
ascending or steep and sometimes very branched. Lavandula angustifolia Mill. is a
perennial plant with an average of 50 cm in semi-shrub form, growing up to a maximum
of 1 m, with grayish green leaves, blue colored and fragrant flowers (Ceylan, 1996).
Myrtus communis L., can be generally short and rarely 1-3 m long, especially in coastal
areas where the Mediterranean climate prevails (Ogur, 1994). Perennial, evergreen,
bush-shaped flowers are white in color, fruits are multi-seeded, blackish purple in color
(llgim and Digrak, 1998).

Bacteria and yeast cause some diseases in the skin. The most common of these
diseases is eczema. It is a psychosomatic skin disease that occurs for various reasons
and is seen with symptoms such as redness, swelling, vesicles and itching on the skin.
Gram-positive bacteria such as Staphylococcus aureus, Staphylococcus epidermidis,
Escheria coli, Acinetobacter baumanii, Pseudomonas aeruginosa and Candida albicans
pathogens cause eczema. While S. aureus is common in nature, S. epidermidis disease is
found in many parts of the body, especially human skin and upper respiratory mucosa
(Giilbandilar, 2009; Eryilmaz ve Giirpnar, 2017). While P. aeruginosa is found in
nature, A. baumanii is found in hospital environment, E. coli are common bacteria
found in intestines (Enoch et al., 2009; Torlak, 2011). C. albicans, a yeast type fungus,
is found in various parts of the body (Acarkan, 2014).
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Antibiotics are widely used in the treatment of eczema. The progressive increase in
side effects caused by the use of synthetic origin substances in the treatment of diseases,
the resistance of organisms against synthetic substances, and the gradual restriction of
synthetic drugs have led people to seek alternative solutions in the treatment of the
disease.

In this study, the effects of T. spicata L., L. angustifolia Mill. and M. communis L.
essential oils on some pathogens (S. aureus, S. epidermidis, E. coli, A. baumanii, P.
aeruginosa and C. albicans) causing eczema were investigated in vitro.

MATERIALS AND METHODS

T. spicata, L. angustifolia and M. communis essential oils were used as material in
the study. The antimicrobial activities of these essential oils against S. aureus (ATCC
29213), S. epidermidis (ATCC 12228), E. coli (ATCC 25922), A. baumannii (ATCC
43498), P. aeruginosa (ATCC 27853) and C. albicans (ATCC 90028). pathogens were
investigated. Antimicrobial activity studies were conducted in Hatay Mustafa Kemal
University. Activity studies of essential oils were carried out by tube dilution method.
The group without essential oil was selected as the negative control, and gentamicin and
fluconazole were used as the drug control. Dimethyl sulfoxide (DMSO) of 1% was used
to dissolve essential oils in the medium. Mueller-Hinton Broth was used for bacteria in
the tube dilution method for the production of microorganisms and Saboraud Dextroz
Broth for C. albicans. It has been determined by controlled experiments that 1%
concentration of DMSO is non-toxic on the growth of microorganisms.

Obtaining Essential Oils

The essential oils used in the study were obtained from the leaves of T. spicata and
M. communis plants naturally found in the flora of Hatay. And L. angustifolia essential
oil was collected from plants that were previously cultivated in Hatay Mustafa Kemal
University in full blooming period and obtained by water distillation method from
leaves and herbs of plants.

Determination of Essential Oil Components

The determination of essential oil components was carried out under the following
conditions with the Thermo Scientific 1SQ Single Quadrupole model GC device. TR-
FAME MS model, 60 m length column was used. Helium (99.9%) was used as the
carrier gas at a flow rate of 1 mL/min. lonization 22 energy was set at 70 eV, mass
range m/z 1.2-1200 amu. Scan Mode was used for data collection. The MS transfer line
temperature is 250 °C, the MS ionization temperature is 220 °C, the injection port
temperature is 220 °C, the column temperature is 50 °C at the beginning and has been
increased to 220 °C with a temperature increase rate of 3 °C/min. The structure of each
compound was identified with the Xcalibur program using mass spectra (Wiley 9).

Antimicrobial Activity Tests

Microorganism colonies taken with the loop were suspended in Phosphate Buffered
Saline (PBS), which is a phosphate buffer solution. 1x10® bacteria/ml compared to Mc
Farland turbidity tube no 0.5; C. albicans dilution was prepared to be 1x10° and these
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dilutions were used as inoculum. The determination of the antimicrobial activities of
essential oils was evaluated in accordance with the National Committee for Clinical
Laboratory Standards (NCCLS) criteria. Tested bacterial and fungal microbial strains
were suspended in PBS (phosphate buffered water) to McFarland 0.5, and those
containing bacterial strains Mueller-Hinton agar and Sabouraud Dextrose agar for C.
albicans were inoculated on plates. In the study, dimethyl sulfoxide (DMSO) was used
as a solvent to dissolve essential oils. Non-toxic concentration (1%) of the selected
concentration of DMSO on microorganisms was used. The concentrations of the
essential oils tested in the study (10.24, 5.12, 2.56, 1.28, 0.64, 0.32, 0.16, 0.08, 0.04 and
0.02 pg/ml) were used. DMSO was used as negative control. Amikacin, gentamicin, and
nystatin were used as reference drugs for gram-positive anti-bacterial activity, gram-
negative anti-bacterial activity, and antifungal activity, respectively. All microorganism
plates were incubated at 37 °C and the results were evaluated after 24™ hour of
incubation for bacteria and after 48" hour of incubation for C. albicans. Essential oil
concentrations that inhibit apparent growth were considered to be minimum inhibitory
concentrations (MICs). In addition, minimal bactericidal and fungicidal concentrations
were determined by seeding on Mueller Hinton agar and Saboraud Dexroz agar from
the next dilutions with the final concentration without visible growth.

RESULTS AND DISCUSSION

Essential Oil Rates and Components of Plants Used in the Study

According to the results obtained, thyme essential oil ratio was 3.00%, lavender
essential oil ratio was 2.90%, and the essential oil ratio obtained from myrtle leaves was
1.25%. When we examine the essential oil components of the thyme, the highest
component was determined as Carvacrol with 55.30%, followed by 0-Cymene with
13.51% and-Terpinene with 12.30%. When the components of the essential oils of the
lavender were examined, it was found that the highest component was Linalool with
18.03%, followed by a-Bisabolol with 17.44% and Linalyl acetate with 8.76%. When
we examine the main components of the essential oils of the myrtle, the essential oil
components were determined as 33.80% Eucalyptol, 25.42% a-Pinene and 10.75%
Linalool, respectively.

Effectiveness of Essential Oils on S. aureus

The effectiveness of thyme, lavender and myrtle essential oils on S. aureus bacteria
was examined in terms of MIC values, it was determined that thyme essential oil
inhibited bacterial growth at 0.02 pg/ml, lavender essential oil at 0.32 pg/ml, and myrtle
essential oil at 0.64 pg/ml. When the effectiveness of thyme, lavender, myrtle essential
oils on S. aureus bacteria was examined in terms of MBK values, it was determined that
thyme essential oil showed a bactericidal effect at 0.04 pg/ml, lavender essential oil at
0.64 pg/ml, and myrtle essential oil at 1.28 pg/ml.

Effectiveness of Essential Oils on S. epidermidis

The effectiveness of thyme, lavender and myrtle essential oils on S. epidermidis was
examined in terms of MIC values, 0.02 pg/ml of thyme essential oil, 0.16 of lavender
essential oil. It has been determined that pug/ml, myrtle essential oil inhibits bacterial
growth at 0.32 pg/ml. When the effectiveness of thyme, lavender and myrtle essential
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oils on S. epidermidis was examined in terms of MBC values, it was determined that
thyme essential oil showed a bactericidal effect at 0.04 pg/ml, lavender essential oil at
0.32 pg/ml, and myrtle essential oil at 0.64 pg/ml.

Table 1. Efficacy concentrations of essential oils against S. aureus

Essential Oil
Concentration
(W/ml) MIC MBC
0.01 + +
0.02 - +
0.04 - -
0.08 - -
0.16 - -
0.32 - -
0.64 - -
1.28 - -
+: There is reproduction, -: There is no reproduction

T. spicata L. angustifolia M. communis

MBC MIC MBC
+ +

+ 4+ + + + +
+ + + + +

P |
O
+ + + + + +

Table 2. Efficacy concentrations of essential oils against S. epidermidis

Essential O.'I T. spicata L. angustifolia M. communis
Concentration

(wl/ml) MIC MBC MIC MBC MIC MBC
0.01 + + + + + +
0.02 - + + + + +
0.04 - - + + + +
0.08 - - + + + +
0.16 - - - + + +
0.32 - - - - - +
0,64 - - - - - -

+: There is reproduction, -: There is no reproduction

Effectiveness of Essential Oils on E. coli

The effectiveness of thyme, lavender and myrtle essential oils on E. coli was
examined in terms of MIC values, it was determined that thyme and lavender essential
oils inhibit bacterial growth at 0.32 pug/ml and myrtle essential oil at 0.64 pug/ml. When
the effectiveness of thyme, lavender and myrtle essential oils on E. coli was examined
in terms of MBC values, it was determined that thyme and lavender essential oils
showed a bactericidal effect at 0.64 pg/ml and myrtle essential oil at 1.28 pg/ml.

Effectiveness of Essential Oils on A. baumannii

The efficiency of thyme, lavender and myrtle essential oils on A. baumannii was
examined in terms of MIC values, it was determined that thyme essential oil inhibits
bacterial growth at 0.02 pg/ml, lavender essential oil at 0.32 pg/ml, and myrtle essential
oil at 0.64 pg/ml. When the effectiveness of thyme, lavender and myrtle essential oils
on A. baumannii was examined in terms of MBK values, it was determined that thyme
essential oil had a bactericidal effect at 0.04 pg/ml, lavender essential oil at 0.64 pg/ml,
and myrtle essential oil at 1.28 pg/ml.
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Table 3. Efficacy concentrations of essential oils against E. coli

Essential Oil

; T. spicata L. angustifolia M. communis
Concentration

(ul/ml) MIC MBC MIC MBC MIC MBC
0.01 + + + + + +
0.02 + + + + + +
0.04 + + + + + +
0.08 + + + + + +
0.16 + + + + + +
0.32 - + - + + +
0.64 - - - - - +
1.28 - - - - - -

+: There is reproduction, -: There is no reproduction

Table 4. Efficacy concentrations of essential oils against A. baumannii

Essential Oil
Concentration
(ul/ml) MIC MBC MIC MBC MIC MBC
0.01 + + +
0.02
0.04
0.08
0.16
0.32 -
0.64 - - - - -
1.28 - - - - - -
+: There is reproduction, -: There is no reproduction

T. spicata L. angustifolia M. communis

+ + + + +

+
+
+
+
+

+ 4+ + + + +
+ + + + +
+ + + + +

+ + + 4+ + +

Effectiveness of Essential Oils on P. aeruginosa

The effectiveness of thyme, lavender and myrtle essential oils on P. aeruginosa was
examined in terms of MIC values; It was determined that thyme essential oil inhibits
bacterial growth at 0.32 pg/ml, lavender essential oil at 10.24 pg/ml, and myrtle
essential oil at 5.12 pg/ml. When thyme, lavender and myrtle communis essential oils
were examined in terms of MBC values on P. aeruginosa, it was determined that thyme
essential oil had a bactericidal effect at 0.64 pg/ml, lavender essential oil at 20.48
pg/ml, and myrtle essential oil at 10.24 pg/ml.

Effectiveness of Essential Oils on C. albicans

The effectiveness of thyme, lavender and myrtle essential oils on C. albicans was
examined in terms of MIC values, it was determined that thyme essential oil inhibits
fungus growth at 0.04 pg/ml, lavender essential oil at 2.56 pg/ml and myrtle essential
oil at 0.16 pg/ml. When thyme, lavender and myrtle essential oils were examined in
terms of MFC values on C. albicans, it was determined that thyme essential oil had a
fungicidal effect at 0.04 pg/ml, lavender essential oil at 5.12 pug/ml, and myrtle essential
oil at 0.32 pg/ml.
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Table 5. Efficacy concentrations of essential oils against P. aeruginosa

Essential O.'I T. spicata L. angustifolia M. communis
Concentration

(ul/ml) MIC MBC MIC MBC MIC MBC
0.16 + + + + + +
0.32 + + + + + +
0.64 + + + + + +
1.28 + + + + + +
2.56 + + + + + +
5.12 - + + + - +
10.24 - - - + - -
20.48 - - - - - -

+: There is reproduction, -: There is no reproduction

Table 6. Efficacy concentrations of essential oils against C. albicans

Essential Oil
Concentration
(ul/ml) MIC MFC MIC MFC MIC MFC

0.01 + + + + +

0.02 + + +

0.04 - - +

0.08 - - +

0.16 - - +

+

+

+

T. spicata L. angustifolia M. communis

+

+ + +
+ + + +

0.32 - -
0.64 - -
1.28 - -
2.56 - - -
5.12 - - -
+: There is reproduction, -: There is no reproduction

+ 4+ + ++ o+ o+
1
'
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In the study, a genetic pool was created with plant samples taken from the locations where the
Thymbra spicata var. spicata L. plant, which is culturally and economically important, grows
densely in the province of Hatay. Plants were propagated with cuttings taken from these single
plants. 213 plants were collected from 68 different locations for the genetic pool. The leaves of the
plants in this gene pool were examined in terms of the number of essential oil glands per unit area
and the diameter of the essential oil glands. The number of glands per unit area in plant leaves
showed a wide variation and ranged from 5.61 to 56.04 piecess/mm?2. The diameters of the oil
glands varied between 75.40 - 112.86 um and the average diameter was determined as 94.09 um.
In the study, it was determined that some plants with low essential oil ratios such as Z144 and
Z158 also have low oil glands number and oil glands diameter. It would be appropriate to evaluate
these values obtained as preliminary knowledge together with future ontogenetic variability
studies.

Keywords: Thymbra spicata var. spicata L, essential oil gland.

INTRODUCTION

The plant species that make up plant formations do not show the same
characteristics everywhere. With the emergence of local differences arising from
climate, soil and geomorphological features, the plant species that make up the plant
communities diversify. The region, which includes many mountains, plateaus and valley
areas, especially Amanos mountains, is in a very rich position in terms of biological
resources. In addition, there is a rich biological diversity with the amount of rainfall and
high relative humidity in the summer months (Cakan and Byfield, 2005; Vural and
Aytag 2005; Avci, 2005). There are plant species that are naturally found in this region,
almost all of which are collected from nature or traded for various purposes. Among
these, Thymbra spicata var. spicata L. comes first.

Thyme species are most export products made of medicinal and aromatic plants in
Turkey (Ozgiiven ve ark. 2005). Flora of Turkey has four species of this plant is located
naturally which are Thymbra spicata var. spicata, Thymbra spicata var. intricata,
Thymbra sintenisii var. sintenisii and Thymbra sintenisii var. isaurica (Davis, 1982;
Baser, 2002). Thymbra spicata var. spicata L., which is called sater, zahter or blackhead
thyme (Baytop, 1994) naturally grows intensively in the Eastern Mediterranean region,
especially in the province of Hatay. The plants collected from nature are mostly
consumed fresh traditionally in the region. In addition, it is dried and used as a spice
and tea, and its essential oil, which is rich in carvacrol, is also used for different
purposes. T. spicata L. is a plant that naturally grows intensively in Mediterranean
countries and in the Mediterranean region of Turkey, especially in Hatay province.

Although there are many studies on the morphology, anatomy, amount of essential
oil, components and antimicrobial properties of the thymbra plant, studies on agriculture
are very limited in Tukey (Dogan et al., 1987; Hanci et al., 2003; Ozel et al., 2003;
Baydar et al., 2004; Erken, 2005; Ozcan et al., 2008). Inan et al. (2011), in their study
on Thymbra spicata L., which they collected from Adiyaman region, determined that
the amount of essential oil changed in different harvest times and that the highest rate of
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essential oil was obtained from plants harvested during the flowering period. Kizil
(2013) made evaluations on 28 different populations collected from Southeast Anatolia
and the Mediterranean region and determined that there were significant differences
between the populations. Carvacrol is the most abundant component as the main
component (Baser, 2002). But Hanci et al. (2003) stated that this species also has
thymol-containing chemotypes.

Although standardization is important in all other agricultural products, it is even
more important for medicinal plants. Because products that do not meet certain quality
standards cannot be traded. Ensuring standardization in agricultural products is possible
by growing standard products. This can only be achieved through variety breeding.
Breeding studies are long-term but must be done. First of all, the genetic material we
have should be well known and its genetic potentials should be revealed. In this study,
the number of glands per unit area and the size of the oil glands in the leaves of the
thymbra grown in different locations in the flora of Hatay, and the infrastructure for
future single plant selection improvement. is intended to be created. For this purpose, a
genetic pool was created for T. spicata L. plant with plant samples selected from
different locations where the plants are densely grown and these plants were examined
in terms of oil glands.

MATERIALS AND METHODS

Survey studies were carried out in areas where Thymbra spicata L. plant spread in
Hatay province and collection studies were carried out in these areas. As a result of the
studies 213 single plants were selected from 68 different locations and were examined
in terms of the number of oil glands per unit area and the size of oil glands. Plants were
selected primarily different, well developed and healthy ones according to the single
plant selection method. The oil cells of the Thymbra spicata L. species are found in
sessile glandular hairs (Davis, 1982). In the study, the number of oil glands and the size
of oil glands for each individual plant were determined. Later, plants propagated with
cuttings taken from these plants were planted in the collection garden.

Number of Oil Glands per Unit Area (pcs/mm?)

JEOL brand JSM-5500LV model SEM (Scanning Electron Microscope, X 300.000)
electron microscope was used at Science Research and Application Center in Mustafa
Kemal University. In each sample, the number of oil glands per unit area on 4 leaves (4
replication) of the plant was determined in terms of units/mm2 and averaged. The
largest middle part of the leaf samples was used in counting and measurements made in
SEM.

Average Oil Gland Diameter (um)

In the imaging performed to determine the number of oil glands per unit area, the
diameter of 5 oil glands of these 4 leaves was determined for each plant and the average
was obtained. A total of 20 measurements were made for each plant.
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RESULTS AND DISCUSSION

Number of Oil Glands per Unit Area (pcs/mm?)

As a result of the counts and measurements made on the SEM (Scanning Electron
Microscope) images on the leaves of thymbra plants collected from the flora of Hatay, the
number of essential oil glands per mm?2 was determined and given in Table 1. The average
number of oil glands of ecotypes in the experiment was 18.74 pcs/mm?. The lowest oil
gland numbers were obtained from the ecotypes Z158 with 5.61 pcs/mm? and Z144 with
5.89 pcs/mm?. The highest numbers of oil glands were obtained from ecotypes Z98 (56.04
pcs/mm?), Z131 (44.57 pcs/mm?) and Z102 (41.59 pcs/mm?) respectively.

Table 1. The number of oil glands of T. spicata var. spicata L. leaves (pcs/mm?)

Code Glands  Code Glands  Code Glands  Code Glands Code Glands
Z1 20.23 Z44 17.43 87 1476  Z130 16.18 Z173 16.67
Z2 9.26 Z45 28.44 Z88 16.17 Z131 4457 Z174 21.04
Z3 26.63 746 11.13 Z89 15.39 7132 981 Z175 20.17
Z4 15.91 Z47 16.32 Z90 19.25 7133 1590 Z176 19.75
Z5 16.41 Z48 15.87 Z91 24.24 7134 10.09 z177 18.05
Z6 28.11 Z49 16.57 292 22.10 7135 20.31 Z178 19.87
z7 2263  Z50 17.28 793 21.69 Z136 9.05 Z179 21.07
Z8 16.57 Z51 16.34 294 22.33  Z137 11.97 Z180 20.19
Z9 7.82 Z52 14.62 295 28.08 7138 12.78 Zz181 18.74
Z10 17.13 Z53 25.27 296 23.79 7139 19.47 Z182 20.14
Z11 19.46 Z54 25.43 297 31.10 Z140 22.02 7183 20.78
Z12 17.88 Z55 13.41 Z98 56.04 Z141 16.41 Z184 19.84
Z13 12.46 256 19.84 Z99 1498 Z142 10.12 Z185 18.96
Z14 18.66 Z57 23.37 7100 15.47 7143 22.75 Z186 19.32
Z15 17.34 Z58 10.04 z101 16.32 Z144 5.89 7187 21.04
Z16 12.26 759 3040 7102 4159 7145 9.98 Zz188 20.78
zZ17 19.32 260 12.48 7103 9.65 Z146 22.40 7189 19.43
Z18 15.24 Z61 18.58 Z104 28.38  Z147 16.70 Z190 17.54
Z19 12.92 262 19.48 7105 15.87 7148 13.36  Z191 16.35
Z20 15.32 763 18.98 Z106 11.99 7149 36.86 Z192 19.03
Z21 24.98 264 27.03  Zz107 1256  Z150 6.82 7193 16.79

222 1420 765 21.02 7108 9.62 Z151 18.27 7194 21.08

Z23 20.10 266 10.73 7109 23.16  Z152 15.73 Z195 22.05

724 14.78 767 18.87 7110 1436 7153 36.54 Z196 19.56

225 10.30 268 15.10 Zz111 1055 Z154 28.66 Z197 18.96

226 20.53 Z99 2259 Z112 10.96  Z155 12.19 Z198 18.61

27 19.12 Z70 16.54 7113 16.07  Z156 22.14 7199 18.97

228 18.65 Z71 17.02 z114 26.43  Z157 19.78 Z200 20.14

Z29 30.30 Z72 21.75 Z115 22.12 7158 5.61 Z201 21.59

Z30 29.42 Z73 20.74 7116 12.02  Z159 19.28 Z202 22.03

Z31 22.10 Z74 19.18 Z117 18.02 7160 10.88 Z203 16.57

732 20.11 Z75 16.84 7118 17.45 7161 18.11 Z204 20.45

Z33 19.17 Z76 10.12  Z119 17.68 7162 19.81 Z205 19.52

734 18.66 Zi7 19.19 7120 16.37 7163 22.14 Z206 17.51

Z35 18.94 Z78 21.05 z121 1294 7164 2194 Z207 16.29

236 11.79 Z79 20.12 7122 17.65 Z165 17.89 7208 18.97

Z37 22.02  Z80 19.01 Z123 27.21 7166 6.34 Z209 21.04

738 13.95 Z81 11.73  Z124 28.85 7167 8.21 Z210 20.10

Z39 11.87 782 1792  z125 20.95 7168 19.62 Z211 19.87

Z40 11.04 783 2457 7126 28.84 7169 15.79 Z212 19.10

Z41 33.35 784 12.49 7127 12.62 Z170 18.04 Z213 19.12

Z42 14.52 785 21.15 Z128 20.04 zi171 17.93

743 30.91 786 13.2 7129 19.87 7172 18.97

Min: 5.61; Max: 56.04; Average: 18.74; Std. deviation: 6.45; Coef. of variation: 34,41
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Average Oil Gland Diameter (um)

In the study, measurements made for each individual thymbra plant collected and
the average diameter was determined as um and given in Table 2. The diameters of the
oil glands of the collected thymbra varied between 75,40-112,86 um. The highest
average diameter values were obtained from plants with code number Z17 (112.86 pum),
Z31 (106.57 pm) and Z141 (105.25 pm), respectively. In the experiment, the lowest
mean diameter values were obtained from ecotypes Z158 (75.40 pm), Z52 (80.29 um),
Z137 (81.60 um) and Z144 (82.20 um). The diameter of an oil glands in the thymbra

leaves was determined to be 94.09 on average.

Table 2. The average oil gland diameters of T. spicata var. spicata L. leaves (um)

Code Gland. Code Glands  Code Glands  Code Glands Code Glands
Z1 99.75 Z44 99.76 z87 92.22 7130 93.00 Z173 104.86
Z2 88.44 Z45 99.71 Z88 101.75 Z131 97.00 Z174 87.80
Z3 103.25 746 96.22 789 99.60 Z132 88.22 Z175 95.73
Z4 83.80 Z47 91.72 Z90 89.15 Z133 92.00 Z176 94.10
Z5 86.86  Z48 99.89 z91 94.00 Z134 8450 z177 88.20
6 89.56 Z49 98.12 292 91.25 Z135 91.12 Z178 87.75
z7 88.24  Z50 100.00 Z93 90.00 Z136 84.90 Z179 98.98
Z8 96.12 Z51 97.40 294 97.14  Z137 81.60 Z180 99.70
Z9 93.20  Z52 80.29  Z95 88.86 Z138 93.17 Z181 94.58
Z10 92,22 753 98.25 796 9450 Z139 95.10 Z182 98.20
Z11 90.00 Z54 91.80  Zz97 98.57 7140 94.00 Z183 94.58
Z12 98.45 Z55 91.43 Z98 10159 Z141 105.25 Z184 99.72
Z13 96.26 Z56 94.44 Z99 95.25 Z142 97.64 Z185 91.43
Z14 100.80 Z57 94.75  Z100 91.60 Z143 84.57 Z186 96.40
Z15 98.50 Z58 84.75 7101 89.13 Z144 82.20 Z187 95.18
716 96.75  Z59 96.00 Z102 97.14 7145 88.89 7188 99.20
zZ17 112.86 260 94.00 Z103 92.00 Z146 86.25 Z189 90.22
Z18 96.64  Z61 93.25 7104 104.29 7147 88.60 Z190 94.00
Z19 92.60 762 90.76 7105 89.00 Z148 90.31 7191 85.90
Z20 90.76 763 90.13 Z106 96.80 Z149 97.14 7192 84.60
Z21 99.75 264 91.00 Zz107 9420 Z150 85.40 Z193 95.17
Z22 96.60  Z65 90.56 7108 84.50 7151 99.43 7194 93.00
723 95.75  Z66 98.50 7109 99.14 7152 99.25 7195 88.57
Z24 90.12  Z67 94.68 Z110 96.32 7153 98.57 Z196 83.20
225 100.22 268 80.75 Z111 99.74 7154 101.43 7197 88.98
726 92.60 799 9257 7112 85.80 7155 98.20 7198 86.25
Z27 8276  Z70 96.74 7113 102.00 Z156 88.16 7199 88.60
Z28 84.10 Z71 90.00 Z114 100.86  Z157 84.12 7200 90.31
Z29 94.75 Z72 96.32 7115 93.75 Z158 75.40 Z201 97.14
Z30 96.86  Z73 86.66 Z116 95.00 Z159 104.00 Z202 86.40
Z31 106.57 Z74 84.88 7117 92.66 Z160 94.25 7203 99.43
732 84.14 Z75 96.76  Z118 90.60 Z161 93.11 Z204 99.25
Z33 87.75  Z76 93.80 Z119 88.30 7162 100.75 Z205 98.57
Z34 90.75  Z77 96.25 7120 86.00 Z163 89.80 Z206 98.20
235 96.13 Z78 94.18 Z121 85.75 Z164 104.29 Z207 88.40
Z36 91.11  Z79 93.27 7122 96.98 7165 96.90 Z208 94.25
Z37 96.50 Z80 86.45 Z123 96.57 Z166 85.71 Z209 93.11
738 96.60 Z81 77.60 Z124 92.57 Z167 89.25 Z210 88.71
Z39 9340  Z82 87.78 7125 99.00 Z168 100.61 Z211 89.25
Z40 102.40 783 93.71 Z126 99.71 7169 87.75 Z212 87.75
Z41 96.29 784 99.00 Zz127 89.43 Z170 101.67 Z213 97.67
742 96.64 Z85 88.25 Z128 96.00 Z171 97.67
743 94.86 786 92.25 7129 86.22 7172 88.87

Min: 75.40; Max: 112.86; Average: 94.09; Std. deviation: 5.82; Coef. of variation: 6.19
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Figure 1. SEM images of some thymbra leaves with the plant code number Z17, 292,
Z144 and 2158, respectively

CONCLUSION

In the study, first of all, 213 different, well-developed and healthy plants were
selected from 68 different locations by single plant selection method. The thymbra
plants collected were examined in terms of the number of oil glands per unit area and
oil glands diameters in their leaves. It was determined that some plants with low
essential oil ratios such as Z144 and Z158 also have low oil grease number and oil gud
diameter. It would be appropriate to evaluate these values obtained as preliminary
knowledge together with future ontogenetic variability studies.
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Modern biomedical science is challenged to develop new wound healing drugs. The collagen-
containing wastes of leather industry could be the rich source of collagen products for further use
in biomedical science. The aim of this research was to find the best source of collagen between
limed pelt, delimed pelt and fleshings of cattle hides, and to prepare it for the use as a matrix for
further microbiological studies. Collagen was extracted with 0.5 M acetic acid and 5 mM EDTA.
The purity of the extracted collagen was checked by gel-electophoresis (SDS-PAGE). The rate of
growth and crystal violet assay of laboratory strains (S. aureus, P. aeruginosa) were used for
microbiological evaluation of obtained collagen matrices. The delimed pelt provided the highest
concentration of collagen and the greatest volume of collagen products. All obtained collagen
products were applicable as matrices for microbial cells growth. The applicability of collagen
products from leather industry wastes for biomedical studies in Ukraine was shown.

Keywords: Collagen, biomedical application, leather industry wastes.

INTRODUCTION

Collagen can be extracted from different species of animals as it is usually obtained
from by-products of slaughter. The main sources of collagen are the skin, tendons,
cartilage and bones. Some studies were focused on obtaining collagen from such animal
sources as fish and birds, as an alternative to bovine collagen (cattle) due to the risk of
zoonosis, and as an alternative to pig-derived collagen for use in countries with
restrictions because of ethical or religious reasons.

In the pharmaceutical and biomedical fields collagen is used as microparticles,
injectable dispersions, ophthalmic shields, drug delivery systems, skin substitutes, blood
vessels, and human ligaments. This is due to its characteristics such as weak
antigenicity, ability to attach to cells, biodegradability and biocompatibility. Type |
collagen is considered the gold standard for tissue engineering due to its high
biocompatibility. It is used as the main matrix for the cell culture system. Collagen-
based biomaterials, such as injection matrices, scaffolds for bone regeneration etc. are
widely used (Parenteau-Bareil et al., 2010). In modern medicine, scaffolding based on
collagen plays a vital role. It helps in the reconstruction of cartilage and bones. During
vascular and cardiac reconstruction, patients are successfully treated with collagen in
the form of tissue engineered vessels. Collagen-based bandages are used in the form of
sponges, films and powders for wounds or burns, surgical sutures, for urogenital
disorders, corneal defects, study of nerve migration, in dentistry, bone transplantation,
arthritis and obesity (Sanz-Herrera and Reina-Romo, 2011). Collagen has a variety of
applications in cardiology (heart valve), dermatology (for skin replacement, soft tissue
augmentation, skin engineering), surgery (as a hemostatic agent, in wound healing and
dressing, nerve repair, blood vessel prostheses), orthopedics (tendon, bone and ligament
repair, cartilage reconstruction), ophthalmology (horn grafts, contact lenses), urology
(hemodialysis membranes, sphincter restoration) (Rose and Oreffo, 2002).
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Only fully or partially soluble collagen can be used in the production of matrices,
powders, sponges, fibers or threads for tissue engineering. The distribution of molar mass,
structure and composition, as well as functional properties of collagen depend on the
extraction process and conditions of the raw material (Prestes, 2013). So it is needed to get
the proper extraction parameters for each type of raw material to obtain the best
characteristics of the extracted collagen. Due to the extraordinary diversity of tissues and
types of collagen, it is difficult to develop a standard method of its extraction. The number of
covalent intermolecular interactions in the structure of collagen increases over time and often
determines the almost complete insolubility of the obtained product (Mocan et al., 2011). It
is required to remove numerous covalent intra- and intermolecular cross-links primarily
including lysine and hydroxylysine residues, ether bonds, and other polysaccharide bonds
for collagen extraction.

OBJECTIVES OF THE STUDY

The objects of this study were collagen samples obtained from leather production
waste of the footwear uppers from raw materials of the cattle tannery “Chinbar” (Kyiv,
Ukraine). To find the best option, different types of waste were selected such as limed
pelt after trimming, delimed pelt after trimming, limed fleshings.

Chemical Analysis of Leather Production Waste

It was determined the content of the main components in the waste samples:
moisture, minerals, total Nitrogen and calcium hydroxide (Table 1).

Table 1. Chemical composition of leather production wastes

Indicator limed pelt delimed pelt fleshings
Mass fraction, %:

moisture 82.1 80.4 84.2
minerals * 10.7 3.3 317
total Nitrogen* 14.3 15.0 5.4
calcium hydroxide* 2.6 0.4 6.7

Note: * on absolutely dry matter

The increased content of minerals and calcium hydroxide in the limed pelt and limed
fleshings samples can be explained by the peculiarities of the technological process of
leather production, which involves the processing of raw materials in a calcium
hydroxide concentrated solution. As the main purpose of the deliming process is the
extraction of calcium hydroxide from the dermis, the content of minerals and calcium
hydroxide in the delimed pelt after trimming was 3.2-9.6 and 6.5-16.8 times lower,
respectively. The lowest content of total Nitrogen, which indirectly indicated the
amount of collagen in the structure, was found in the limed fleshings samples.

METHODS

The content of moisture, minerals and total Nitrogen in the waste of leather
production was determined by standard methods 1SO 1666:1996, I1SO 3593:1981, I1SO
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5397:1984. The concentration of collagen in the solution was determined by biuret
method on Spectrophotometer ULAB 102, China (540 nm).

Method of Collagen Extraction

The method of (Savchuk et al., 2017) with changes was chosen as a basis.

First Extraction

1. Deliming process with an ammonium sulfate consumption of 3% by weight of the
samples, duration 1 h, 38-40 °C (only to obtain samples of delimed pelt).

2. Samples grinding to the size of 3x3 mm.

3. Weighing.

4. Washing with water at 20 °C for 45 minutes with water change every 15 minutes.

5. Deposition of non-collagen proteins with 10% sodium chloride solution, duration
1 h of shaking at 20 °C, then 22 h of rest at 4 °C and again 1 h of shaking at 20 °C.

6. Washing the samples with distilled water to pH = 6.5.

7. Extraction of collagen with 0.5 M acetic acid solution in the presence of 5 mm
EDTA inaratio of 1 : 10 (weight : volume), 2 h of shaking at 20 °C, 20 h of rest at 4 °C
and again 2 h of shaking at 20 °C.

8. Filtering through a paper filter. The samples were used for the 2nd extraction.

9. Precipitation of collagen from the filtrate with dry sodium chloride (with a final
concentration of NaCl 1M) for 24 h at 4 °C.

10. Centrifugation for 30 min at 3000 rpm

11. Dissolution of precipitated collagen in the least amount of 0.5 M acetic acid.

12. Re-precipitation of collagen with dry sodium chloride (with a final concentration
of NaCl 0.9 M) for 24 hat 4 °C.

13. Centrifugation for 30 min at 3000 rpm

14. Dissolution of precipitated collagen in the smallest amount of 0.1 M acetic acid.

Second Extraction

Collagen samples remaining after the 1% extraction (item 8) were processed
according to items 7-14.

Third Extraction

Collagen samples remaining after the 2" extraction (item 8) were processed
according to items 7-14.

Estimation of Extracted Collagen and Collagen Peptides by Sodium Dodecyl
Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)

SDS-PAGE was done as described by the (Laemmli, 1970) using 4 % (w/v) stacking
gel, 6 % (w/v) separating gel for estimation of purity of extracted collagen and 18 %
(w/v) separating gel for collagen peptides. SDS-PAGE was performed using Mini-
Protean Tetra System (Bio Rad, USA) at 19 mA for stacking and 36 mA for separating
gels. After electrophoresis, the gels were stained with 2.5 % coomassie brilliant blue R-
250 in 10 % (v/v) ethanol, 10 % (v/v) acetic acid, 15 % (v/v) isopropanol and the
background of the gel was destained with 7 % (v/v) acetic acid for 30 min.
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Microbial Assay

Collagen samples after extraction and washing with distilled water (for pH 5.5) in
sterile conditions was used as matrices for bacterial cell growth. Laboratory strains and
hospital isolates of Staphylococcus aureus and Pseudomonas aeruginosa were used.
The OD and attachment rate were evaluated with microtiter plate assay (630 nm) and
crystal violet assay (570 nm) on Spectrophotometer UV-Vis, Russia (O'Toole, 2011).

RESULTS

The main criteria for evaluating the extraction efficiency of collagen obtained from
collagen-containing wastes from the leather industry was the amount of extracted
collagen, which was determined by the protein content in the solution after extraction
and subsequent dissolution in acetic acid. Collagen was re-extracted twice from the
supernatant obtained after the first and second extraction stages to determine the
economic feasibility of re-extraction. The changes in pH of the solutions at different
stages of extraction are presented (Table 2).

Table 2. The pH values of collagen-containing solutions

Extraction method item limed pelt delimed pelt fleshings
it. 4 after 15 min 10.55 6.80 7.95
it. 4 after 30 min 7.85 6.40 6.60
it. 4 after 45 min 6.50 5.90 6.40
it. 5 8.00 7.50 9.80
it. 14 2.60 2.60 2.80

Data on the collagen amount obtained after the first and further extractions from
different leather waste were presented in Table 3.

Table 3. Collagen amount obtained after extraction

limed  delimed fleshings

pelt pelt
The amount of total Nitrogen after the 1% extraction, mg 7.6 50.4 3.3
The amount of total Nitrogen after the 29 extraction, mg 39.2 714 115
The amount of total Nitrogen after the 3¢ extraction, mg 3.3 1.0 0.5
The total yield of total Nitrogen after three extractions, % 2.79 5.97 2.60
The amount of collagen after the 1%t extraction, mg 10.1 25.3 3.0
The amount of collagen after the 2" extraction, mg 5.0 11.4 14
The amount of collagen after the 3" extraction, mg 2.2 4.7 0.6

The largest amount of collagen was extracted from samples of delimed pelt. It was
found that the third extraction was not efficient due to the low amount of extracted
collagen in all samples. The less amount of collagen in limed pelt and fleshings could
be explained by the fact that part of the acetic acid from the solution was spent on
neutralizing the calcium hydroxide excess found in the samples of these groups. The
fleshings samples were also characterized by a lower initial content of total Nitrogen
(Table 1).
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It is known that type | collagen consists of two or more different chains
(heterotrimers): usually two alpha-1, one alpha-2 chain with a similar molecular weight
of about 100-110 kDa and the structure of the beta component (Kimura et al., 1987). It
was shown that extracted collagen consisted of both al and a2 chains (Fig.1). Thus,
based on the SDS-PAGE results collagen extracted from the waste of the leather
industry belongs to type I collagen.

K M 1 2 3
| 4 —
- .- K}
2 v g
. El

Figure 1. SDS-PAGE pattern of collagen extracted from waste of leather
industry on 6% separating gel. Lane K — control collagen (Savchuk et al.,
2017), M - high molecular weight (MW, kDa) protein markers;

1- limed pelt, 2 - delimed pelt, 3 - fleshings

After microbiological studies it was found that the optical density of S. aureus
strains was two times less while the attachment was two times higher in the presence of
collagen samples. This tendency was also kept in case of P. aeruginosa with the only
difference - the indexes were about 30%. The highest bacterial growth and attachment
were observed on the collagen matrices from 1%t extraction samples of delimed pelt and
limed pelt. The 2" extraction samples were about 25-30% slightly less effective.
According to studied parameters the first choice collagen matrices for bacterial growth
was collagen from delimed pelt, the second choice matrices - collagen from limed pelt.

CONCLUSIONS

Collagen-containing leather industry wastes could be the great source of collagen for
biomedical application. The greatest amount of collagen was obtained from delimed
pelt after the first and second extractions. Such kind of collagen was classified as type |
and pure. It was also the perfect matrix for microbial cell grow which could be the
evidence of its matching for further using in skin wound treatment.
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Cartilage damage is difficult to self-heal due to an avascular microenvironment and distinct
mechanical properties. These features are a challenge in designing a cartilaginous tissue with
repairing effect without producing any local infections. Thus, a biodegradable scaffold in which
the drug can be incorporated is preferable. Drug delivery systems based on collagen sponges have
progressively become remarkable biomaterials for different medical applications. The aim of this
work was to design and characterize some collagen/chondroitin sulfate supports with doxycycline
for cartilage tissue regeneration. The doxycycline should prevent the development of potential
infections. Collagen, chondroitin sulfate and doxycycline gels were cross-linked with different
concentrations of glutaraldehyde and then freeze-dried in order to obtain collagen matrices. The
structural characteristics for the new synthesized biomaterials were firstly assessed by infrared
spectroscopy (FT-IR), and scaffolds morphology was then evaluated by optical microscopy and
water uptake. The enzymatic biodegradation was also performed. Also, the sponges surface
properties were quantified through contact angle. The in vitro doxycycline kinetics release was
performed with a dissolution equipment and the release mechanism was investigated. The obtained
results recommend these new scaffolds based on doxycycline/collagen/chondroitin sulfate as a
promising approach for the treatment of cartilage problems.

Keywords: collagen, doxycycline, chondroitin sulfate

INTRODUCTION

The cartilage tissue is powerless to self-repair and restore due to the absence of
nerves, blood vessels and lymphatic tissues, which makes the treatment more difficult
(Huang et al., 2016). These features are a challenge in designing a cartilaginous tissue
with repairing effect without producing any local infections. Thus, a biodegradable
scaffold in which the drug can be incorporated is preferable (Song et al., 2017; Huey et
al., 2012). Collagen, a natural biomaterial, represents the main protein from the human
organism: skin, bone, cartilage, organs, blood vessels, ligaments and tendons (Miao et
al., 2018). Collagen exhibits excellent properties, such as low antigenicity, gradual
biodegradability, good biocompatibility and optimal cell proliferation (Lan et al., 2019).
Drug delivery systems based on collagen sponges have progressively become
remarkable biomaterials for different medical applications (Vikash et al., 2013).
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Chondroitin sulfate (CS), a fundamental component of extracellular matrix in
conjunctive tissue (cartilage, bones etc.), is a glycosaminoglycan which helps the
formation of aggrecans in the native cartilage (Bang et al., 2018). Collagen and
chondroitin sulfate can be great candidates for the design of cartilage tissue engineering
in controlling cellular performances (Zhang et al., 2011; Cao et al., 2008). Doxycycline
hyclate (DH) represents a tetracycline antibiotic with a strong broad-spectrum activity
against aerobic microorganisms and it is usually used in the treatment of the infections
(Raval et al., 2014). Thus, the aim of this work was to design and characterize some
collagen/chondroitin sulfate supports with doxycycline, for cartilage tissue regeneration.

MATERIALS AND METHODS

Materials and Preparation of the Scaffolds

The type Il collagen was extracted from bovine cartilage using technology currently
available at the National Research and Development Institute for Textile and Leather,
Division Leather and Footwear Research Institute — Collagen Department. Doxycycline
hyclate and chondroitin sulfate were purchased from Sigma-Aldrich, China. Sodium
hydroxide and hydrochloric acid were of analytical grade. Type | collagenase obtained
from Clostridium histolyticum was purchased from Sigma-Aldrich, Germany and
glutaraldehyde (GA) from Merck, Germany.

The concentration of each collagen gel was adjusted at 1.5% and 7.4 pH using 1M
sodium hydroxide. 0.2% DH and different concentration of CS were added to collagen
gel (w/v), and then the collagen gels were cross-linked with 0.0025% GA as Table 1
presents. The samples were coded as follows: M-1+M-5.

Table 1. Composition of the obtained samples

Sample Doxy, % CS, %
M-1 0 0
M-2 0.2 0.05
M-3 0.2 0.10
M-4 0.2 0.15
M-5 0 0.05

FT-IR Analysis

FT-IR spectral measurements were recorded by a Jasco FT-IR 4200
spectrophotometer. All the spectra were recorded at the following parameters: spectral
range 4000 - 600 cm™, resolution 4 cm* with 30 acquisitions per each sample.
Optical Microscopy Analysis

The morphology of the designed sponges was carried out using a LEICA optical
microscope model S8APO, with increase power of 20-160x.
Contact Angle Evaluation

The sponges surface wettability was assessed with CAM 101 (KSV Instruments),
using the pendant drop dynamic method, as reported in our previous works (Ghica et
al., 2013; Popa et al., 2013).
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Water Uptake

In order to evaluate the water absorption, the obtained samples were immersed in
ultrapure water. At timetabled intervals, the samples were weighed. The experiment was
done in triplicate. The water uptake was calculated using the equation:

% Water uptake :V%xloo 1)
d
where Wy is the weight of the dry samples and W is the weight of the swollen sample at
immersion time t.

Degradation Studies

Enzymatic degradation of sponges was investigated by measuring the weight loss
depending on contact time to collagenase solution. At specific intervals, the swollen
scaffolds were weighed. The percentage of scaffold degradation was determined by the
following equation:

W, —W,
% Weight loss = 'Tt =100 (2
t

where Wi is the initial weight and W: is the weight after time t.

Drug Release Kinetics Analysis

In vitro drug release from collagen spongious matrices was carried out using a
“sandwich” device adapted to a paddle dissolution equipment, as described in our
previous studies (Albu et al., 2010). The concentration of doxycycline hyclate released
in the medium (phosphate buffer pH 7.4) at different time intervals was monitored by
UV spectroscopy and the cumulative released drug percentage was evaluated.

RESULTS AND DISCUSSION

The collagen gels with compositions according to Table 1 were freeze-dried and
spongious matrices were obtained and characterized.

From the FT-IR spectra (Figure 1) the characteristic bands from collagen it can be
observed: amide A, B, I, Il and 111 for all the samples (Albu, 2011).

zzzz2
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Figure 1. FT-IR spectra Figure 2. Optical microscopy (20X)

There are no significant changes when doxycycline hyclate and different
concentration of chondroitin sulfate were added to collagen gel.

The optical results for the obtained samples are present in Figure 2. Optical images
have shown for all the samples a highly porous structure with interconnected pores
presenting various dimensions and shapes which is beneficial to the cell adhesion and
proliferation.
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The spongious matrices surface wettability was expressed through contact angle
(CA®) value. The drop shape (Figure 3), monitored with a digital camera, was
mathematically described by the Young equation (eg. 3):

YsG =YsL +71GCOSE @)
where yqs is the interfacial tension S/G, yg - the interfacial tension S/L, vy - the
superficial tension L/G and 6 — the contact angle.

a) 89.03°£2.01 Db) 69.58°+1.06 c) 74.48°+0.60 d) 82.24°+2.49 e) 55.64°+2.85

Figure 3. Images of the drop shape for the spongious matrices and the corresponding
contact angle values: a) M-1; b) M-2; ¢) M-3; d) M-4; e) M-5

As it can be noticed in Figure 3, the contact angle values are smaller than 90°, with
values between 55.64 and 89.03°, indicating an adequate hydrophilicity of the sponges
surface and consequently a good wetting ability by the biologic fluids at the application
site. The CA is strongly influenced by the sponges formulation. Thus, the highest value
of CA was recorded for the sample M-1 without drug and chondroitin sulfate, and with
a high collagen concentration. The addition of CS (0.05%) in the sponge formulation
(M-5) lead to the smallest CA, the decrease being about 1.6 times. It seems that the CS
presence produced a more porous structure of the sponge surface allowing a better
wetting. On the other hand, for the spongious matrix with the same concentration of CS
(0.05%), but with 0.2% doxycycline hyclate (M-2) an increase of CA about 1.25 times
was observed. These results are in line with our previous studies which highlighted that
doxycycline has a cross-linking effect (Albu et al., 2009), inducing in this way a
decrease of sponge surface hydrophilicity. Concerning the sponges M-2+M4 with the
same concentration of biopolymer, drug and cross-linking agent, the increase of CS
amount determined an increase of CA, more obvious for higher concentration (0.15%).

The water uptake for the studied samples is presented as kinetics during 24 hours in
Figure 4. In Figure 4 it can be observed the water absorption during a 24 hours period
for the studied samples. All the samples exhibited a high water uptake, this being in
concordance with contact angle studies. The maximum amount of water was absorbed
by M-5 sample which presented the best hydrophilicity.
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Figure 4. Water uptake during 24 hours Figure 5. Enzymatic degradation over 48
for spongious forms hours for spongious forms

The degradation results (Figure 5) indicated an excellent biodegradation for all the
samples during the 48 h time interval. The samples with slower degradation rate were
M-4 and M-1 with approximately 50% and 60% weight loss in 48 hours.
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The in vitro doxycycline kinetic profiles from spongious matrices were recorded as

drug cumulative released percentage as a function of time (Figure 6).
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Figure 6. Cumulative release patterns of doxycycline hyclate from collagen spongious
matrices as a function of time

The kinetic profiles are similar, with an initial burst release in the first 2 hours,
followed by a gradual and prolonged drug delivery over the next 48 hours. The most
pronounced rapid release effect was recorded for the M-3 sponge with a medium
concentration of chondroitin sulfate (38.37%), followed by the M-2 sponge (28.85%)
with the smallest concentration of CS, while the less evident burst effect was reported
for the M-4 sponge (19.13%). The cumulative doxycycline hyclate released percentage
after 48 h has varied between 55.62 (M-4) and 74.29 (M-2) (Table 2). This long-term
antibiotic release provides a local and protective antibacterial effect over a longer period
of time necessary for tissue repair.

To set up the drug mass transfer mechanism, the kinetic data were fitted to the
Power law model (equation 4 and its particular case, Higuchi model (n=0.5), the
corresponding correlation coefficients (R) values being listed in Table 2:

M _yqn (4)
m

00

where m¢/m. represents the fraction of drug released at time t, k — the kinetic constant, n
— the release exponent characteristic for the drug release mechanism.

The highest values for the correlation coefficients were recorded for the Power law
model, indicating a non-Fickian mechanism for drug release from collagen spongious
matrices, in line with our previous studies (Ghica et al., 2013). The release exponent
and Kinetic constant values specific to the Power law model are given in Table 2.

Table 2. Correlation coefficients for the Power law and Higuchi models; parameter
values specific to the Power law model; percentage of drug released

Spongious R Higuchi R Release Kinetic constant, Drug
matrices model Power Law model  exponent, n k (1/min™) Released (%)
M-2 0.9402 0.9806 0.31 0.069 74.29
M-3 0.8849 0.9850 0.22 0.133 67.38
M-4 0.9524 0.9801 0.34 0.039 55.62

CONCLUSIONS

All the designed sponges presented adequate goniometric, morphological and
biological properties. The drug release patterns presented a biphasic shape, targeted
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both to prevent and to control local infection at affected tissue, providing a protective
antibacterial effect over the required period to favor long-term healing. The results
obtained recommend these new scaffolds based on doxycycline/collagen/chondroitin
sulfate as a promising approach for the treatment of cartilage problems.
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In this research, high-density and high-strength carbonized carbon blocks were manufactured by coke
sintering resulted from heat treatments of biomass pyrolysis tar. First, the molecular weight
distribution of the tar was controlled through a pressurized heat treatment at 365°C and then this heat-
treated tar was treated using a delayed coking system to obtain the self-sintering coke. Finally, carbon
blocks were molded from the self-sintering coke and carbonized at 1100°C for 2h. Through rapid
decomposition of the high molecular weight compounds in the tar at 360°C, the molecular weight
distribution of tar was confirmed to be controllable by this treatment stage. During carbonization was
observed a swelling in carbon blocks manufactured that contain more than 15 wt% of volatile matter
from 150-500°C. The optimum conditions of the two heat treatments stage were established to be
310°C for 3 h and 500°C for 1.5 h. The highest density and highest strength of the carbonized carbon
blocks manufactured were 1.44 g/cm® and 68.7 MPa, respectively.

Keywords: high density carbon; biomass tar; heat treatment; coke sintering.

INTRODUCTION

Various kinds of carbon materials such as blocks, powders, emulsions are widely
used as important components in the modern industry. For example, carbon materials
are employed as biomedical substances, materials used in chemical sensors manufacture
for applications in optoelectronics or in medical devices, electronic stuff, aerospace
items, and so one (Delport and Badenhorst, 2016; Xiao et al., 2016). In the early stage
of the carbon industry, tar, pitch, naphtha and coke were developed as raw materials for
the manufacture of graphite powder (Choi et al., 2017; Mearz et al., 2018). With the
accelerated development of carbon industries, the manufacturing and processing
techniques for artificial graphite blocks have been developed precisely and efficiently
(Xiao et al., 2016; Lee, Kang and Roh, 2015).

The processes for the graphite manufacturing include the following steps: (i) The
process of coking to eliminate the volatile matter, (ii) The grinding and sieving steps
for particle sizing, (iii) The mixing of coke with the binder to prevent the phenomenon
of swelling, (iv) Block formation of different forms and dimensions, following of
calcination, (v) Repeating the steps of impregnation, drying and calcination to obtain a
high density material with high strength, and (vi) Graphitization of the resulted material
from before step (Du et al., 2010; Chen et al., 2012; Shen et al., 2015). In this processes
the important factors are the coke types and the mixing ratio of coke and binder, but at
the same time, to obtain high density blocks of graphite, the steps of impregnation,
drying and calcination need to be repeated, and this represents a critical problem
because to repeat the impregnation and calcination processes can increase the
manufacturing costs and time. In order to eliminate these deficiencies, many studies
were achieved to investigate other advanced methods, such as using of mesophase
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powder (Li et al., 2011; Zhao et al., 2013; Cheng et al., 2015), mesoporous carbon
microbeads (MCMB) (Fang et al., 2015; Shen et al., 2011), self-sintering coke (Kocaefe
et al., 2016), or adding a sintering agent (Shen et al., 2013).

In this research, high density and high strength carbonized carbon blocks were
obtained by coke sintering resulted from heat treatments of biomass pyrolysis tar. First,
the molecular weight distribution of the tar was controlled through a pressurized heat
treatment at 365°C and then this heat-treated tar was treated using a delayed coking
system to obtain the self-sintering coke. Finally, carbon blocks were molded from the
self-sintering coke and carbonized at 1100°C for 2h.

EXPERIMENTAL PART

Material and Methods

For obtaining of high density carbon block, it was used as raw material the biomass
tar, resulted from residual biomass pyrolysis, so it is described in our previous research
(David, 2013). The biomass tar was mixed with tetrahydrofuran (99.9% from Sigma-
Aldrich) in a 1:1 ratio, and then the mixture was refined by a pressure filtering process.
Then, the biomass tar was separated of tetrahydrofuran in a rotary evaporator, by
increasing the temperature from room temperature to 75°C. Table 1 contains the
elemental analysis, insolubility and ash content of the refined biomass tar.

Table 1. The elemental analysis, insolubility and ash content of the refined biomass tar

Ultimate analysis (wt.%) Proximate analysis (%)
C H N S O TI Ql Ash
91,75 5,18 1,71 0,67 0,09 5,78 - 0,10

a-by difference; TI-Toluene Insolubility; QI-Quinoline Insolubility

The scheme of manufacture method to obtain the carbonized carbon block by heat
treatments is presented in Figure 1.

step|l Stepll
—>| Biomass tar Rafinement Heat Csni
treatment
Carbon _ Grinding
block REEIT & Csta
Sieving

Figure 1. The scheme of heat treatments in two steps for manufacture the carbon block
from biomass tar

The refined biomass tar was first heated at temperatures of 310, 330 and 365°C for 1
and 3 h in the pressurized system (the pressure was increased to about 6, 9, 12, and 15
bar, depending on the temperature, respectively). Second, the resulted heat treated tar
from stage | (Csr.1) was once again heated to 500°C in the coking system (2nd stage
treatment) to produce coke (Csr.ii). The resulted coke from stage Il was grinded, sieved
to under 75 mm in size, and then extruded into small plates with the dimensions of
12x12x3 mm and 30x15x3 mm using a cold high pressure press (280 bar). These
rectangular plates were each prepared three times according to the manufacture
conditions and finally, the raw carbon blocks were carbonized at 1100°C for 1 hto 3 h
at the heating rate of 2°C/min. As obtained carbonized carbon blocks were analyzed to
establish hardness, bending strength and surface texture.
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Analytical Tools Used

The proximate and ultimate analysis of the refined biomass tar, Csr and Csr-ii
samples was made using a FLASH-2000 Elemental Analyzer. The insolubility was
determined based on ASTM D-2318 and ASTM D-4072, by quinolone insolubility (QI)
and toluene insolubility, respectively. Thermogravimetric analysis was performed using
TGA, STA 409 PC, Netzsch, Germany, analyzer and the weight loss was examined at a
rate of 10°C/min at 900°C under a N flow of 15 ml/min. The image of the carbon block
surface was obtained by scanning electron microscopy (SEM, using Jeol JSM-7000,
JEOL Ltd., Japan). The flexural strengths of carbon blocks were determined using a
universal testing machine (WL2100, WITHLAB, Korea) based on the ASTM C-1161.

RESULTS AND DISCUSSION
The content of carbon, hydrogen, nitrogen and sulfur into Csr.i samples prepared
under various temperature conditions and times are presented in Table 2.

Table 2. Elemental analysis of Cst. samples prepared under various heating
temperatures and different times

Conditions for Stage | C(wt.%)  H(wt.%) N(wt.%) S(wt.%) C/H ratio

310°C; 1h 90.83 5.64 0.62 0.31 1.34
330°C;1h 91.78 5.68 0.75 0.35 1.35
365°C; 1h 91.96 5.58 0.87 0.41 1.37
310°C; 2h 91.53 5.54 0.71 0.38 1.38
330°C; 2h 91.65 5.49 0.79 0.46 1.39
365°C; 2h 91.79 5.42 0.83 0.47 141
310°C; 3 h 92.73 5.43 0.74 0.49 1.42
330°C; 3 h 92.89 5.33 0.81 0.53 1.45
365°C; 3 h 93.04 5.61 0.93 0.54 1.38

With the increasing of reaction temperature and reaction time, the C/H ratio
increased. The C/H ration for sample treated at 310°C for 3h was higher than that
samples treated at 310°C for 2h and 1h, respectively. On the other hand, the C/H ration
of sample treated at 330°C for 3h was higher than that of samples treated at 310°C for
2h and 1h respectively. These results suggest that the compounds with low molecular
weights were decomposed or polymerized into polycyclic aromatic hydrocarbons
(PAHS), having higher molecular weight. However, so can be seen in table 2, the C/H
ratio of the sample treated at 330°C for 3 h was higher than that of the sample treated at
365°C for the same time (3 h) and this results indicate that the aromatic bond was fast
broken at the temperature of 365°C for 3 h under a pressure around 15 bar (Im et al.,
2017). Additionally, it can be demonstrated that the distribution of the molecular
weights of the compounds in the refined biomass tar can be controlled by the 1st step of
treatment. The stage Il of treatment was performed at temperature of 500°C for 1 to 3h.

Analytical Tools Used Morphological and Mechanical Characteristics of Sintered
Carbon Blocks

The weight loss was measured by the thermogravimetric analyses of the Cst.i
samples. A phenomenon of swelling was observed for the carbon blocks manufactured
at 330°C and 365°C for 1h, they contained over 15 wt% volatile matter. It was observed
that the carbon blocks with less than 15 wt% volatile matter kept their rectangular form
after carbonization. The samples treated in first stage at 310°C; 330°C; 365°C for 3 h
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and which were treated for 1.5 h in the stage Il, exhibited a weight loss of less than
15wt.% and shrinkage of volume less than 20 wt%.

Table 3 present that optimal conditions for the 2nd step of treatment to obtain the
high density carbon block and this are 500°C for 1.5 h. Thus, Csio-3-15 has exhibited an
apparent density of 1.44 g/cm® which was higher than the reported density of
approximately 1.40 g/cm?® (Zhou and McGinn, 2006). Also, Csio-3-15 showed the best
mechanical properties having a flexural strength of 68.7 MPa.

Table 3. Characteristics of the carbon blocks resulted after the second stage of treatment
(temperature treatment for stage Il of treatment 500°C)

Sample Weight loss ratio (wt.%) Vol.shrinkage Density
*Cxy-z Total loss 150-500°C 500-650°C 650-1100°C Flex.stength

(%) (glcm®) (MPa)
Cswo115 2354 11.52 2.26 9.87 35.68 1.35 28.3
Cas-115 18.21 7.18 2.05 8.72 25.27 1.22 4.7
Cses1-15  20.68 15.25 2.26 2.85 21.28 114 2.8
Csi0315 24.36 11.56 2.83 9.74 40.32 144 68.7
Cs30115  23.52 10.68 3.01 9.61 33.58 1.33 28.3
Ca65-1-1.5 - 18.22 2.46 - - - -
Cs30-3-3 14.24 6.14 1.77 6.44 29.75 1.32 29.2

*Cxy-z denotes:x-temperature value in the first stage of treatment; y-time of treatment in the first
stage; z- time of treatment in second stage.

The cracks containing the size around 100-500 um were found in Csgs-3-1, as is shown
in Figure 2a. Csi0.1-15 presented swelling phenomena, as showed in Figure 2b. For Csgs.s-15
carbonized sample, the rectangular plate of the original shape disappeared completely.

Figure 2. The change appeared in carbon block after carbonization:(a)-SEM image for
C365.1-15, (b)-SEM image for Cz10-1-15; (C) - SEM image for Cags-3-15

The SEM images of surfaces for carbon blocks carbonized at 1100°C are presented in
Figure 3. In Figure 3(a, ¢ and d), the particle forms are quite difficult to notice. In Figure 3(b, e
and f), can be observed small cracks between different particles. Also, an important quantity of
particle cracks between 100 and 500 mm can be observed in Figures 2(a) and 3(c).

The results for the weight loss in the carbonization process showed that the samples
range of treatment temperatures can be divided into three ranges, by dividing the
treatment temperatures. Csio.1-1.5 and Caio-3-1.5 had a significant difference in the amount
of weight loss in the range temperature of 500°C - 650°C, and Csio-3-1.5 and Cazo-3-1.5
differ in their weight losses in the temperature range of 150°C - 500°C. The amount of
weight loss from 150°C to 650°C showed to be a main factor that affects the mechanical
bending strength. The small cracks between coke particles, reduce mechanical
properties, and were more pronounced for the samples when the volatile matter at 500-
650°C were smaller, as it can be seen in Figure 3.
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Figure 3. SEM images of carbon blocks carbonized at 1100°C: (a)-Cs10-1-1.5; (b)-Caso-
1-15; (€)-Caes.1-1.5; (d)-Caz0-1-1.5; (€)-Cazo-3-15; and (f)-Cazo-3:3;

However, comparing the results for Csso.1-15 and Caspss in Table 2, the flexural strength
of Casoa3 is better. This result maybe is due to the occurrence of small cracks that could
reduce the flexural strength for carbon blocks when the volatile matter is evaporated in the
temperature range of 650-1100°C and the degree of volume shrinkage decreased, these
results being in agreement with other studies (Cheng et al., 2015; Cheng et al., 2013).

Figure 4 shows the optimum conditions for the first stage of treatment to
manufacture high density carbon blocks based on the weight losses and volume
shrinkages of C310.1.1,5, C330-1-15 and C365.1-15 samples.

Also, it can be observed that a decrease in the the volume shrinkage took place when
the reaction temperature for the first stage treatment has increased. In addition, the
weight loss ratio of the Cses.1-1.5 Sample was greater than that of Csso.1-1.5 and this is due
to the decomposition of high molecular weight compounds at a reaction temperature
above 330 °C. According to this analysis, it can be concluded that the amount of high
molecular weight produced in the stage | of treatment lead to decreasing of the volume
shrinkage, the density and the mechanical properties.

—e—Volume shrinkage (vol%)  —8—Weight loss (%)

Shrinkage/weight loss (%)
|
\\
\
|
\

300 310 320 330 340 350 360 370

Heat treatment temperature (stage |) oC

Figure 4. Effect of the heat treatment temperature on volume shrinkage and weight loss
during first stage of treatment (Cs10-1-1.5, C330-1-1.5 and Caes.1.1.5 samples)

CONCLUSIONS

The high density carbon blocks were developed by coke sintering of the biomass tar.
As the reaction temperature increased during the first stage of treatment, the C/H ratio
increased. The low molecular weight compounds of the Csr.is increased if the reaction
temperature was above 330°C. All of the sintering coke obtained by the two stage of
heat treatment starting from biomass tar present a uniform mesophase structure. The
carbon blocks containing over 15 wt% volatile matter at 150-500°C, were swollen. In
addition, the small cracks in the carbonized carbon blocks containing less than 2 wt%
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volatile matter at 500-650°C were observed. The weight loss, from 150 to 650°C during
carbonization process, was due to active volume shrinkage, resulting sample with a high
density. The amount of weight loss from 650-1100°C during the carbonization process
was found to be a key factor that reduced the mechanical properties. Thus, the optimum
conditions of the first stage and the second stage of heat treatment were confirmed to be
310°C for 3 h and 500°C for 1.5 h, respectively.
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In the study, it is aimed to create breeding lines of thyme (Thymbra spicata L.), which is important
both culturally and economically, by selecting a single plant among the plants grown in different
regions in Hatay. For this purpose, a genetic pool was created for Thymbra spicata L. plant in the
plant samples taken from the locations where the plants are densely grown, and these plants were
examined in terms of leaf characteristics, number of oil glands per unit area, oil gud size and
essential oil components. Plants were propagated and preserved with cuttings taken from these
single plants. In this study, which includes the pre-selection stage, 213 plants from 68 different
locations were determined in the province of Hatay. The essential oil ratios of the plants varied
between 0.70% and 3.90% and showed a wide variation. The rate of carvacrol, which is the main
component of the essential oil of the thyme plant, was between 28.12% and 78.48%. Plants with
code number Z14, 73, 725, Z38, Z77, Z104, Z35 and Z43 with an essential oil ratio of 3.5% and
above and plants with code number Z167, Z165 and Z64 with a high carvacrol ratio were selected
to be used in future breeding studies.

Keywords: Thymbra spicata L, essential oil, carvacrol content

INTRODUCTION

Turkey is a rich country in terms of plant genetic resources, and it is stated that there
are near 12000 plant taxa (species, subspecies, variety) with the studies done in recent
years (Avci, 2005; Erik and Tarikahya, 2004). However, more studies are needed to
make a complete inventory of this richness of plant genetic resources and to bring these
plants to the economy (Ekim et al., 2000).

Thyme is the most exported plant among medicinal and aromatic plants in Turkey
(Ozguven et al., 2005). Thymbra spicata var. spicata L, (zahter) a species of thymbra, it
grows naturally and intensively in Mediterranean countries and Turkey. However, the
agricultural cultivation of the Zahter is not much done in Turkey and the plants
collected mostly from nature and used.

Although Zahter collected from nature are mostly consumed in the region and in the
domestic market, but their essential oil and spice are also exported. In addition to its
traditional use as fresh in the region, the plants are dried and used as spice and tea, the
essential oil of the plants is also used for different purposes. In particular, the use of
fresh tip shoots is increasing day by day. The dried leaves of the plant are used as a
spice in almost all dishes (soups, meat dishes, fish, herbed cottage cheese, pastries, etc.)
for various purposes.

Like many other medicinal and aromatic plants, Zahter is used for various stomach
aches and ailments diabetes and colds due to its antimicrobial and antiseptic properties
(Hanci et al., 2003). In a study by Baydar et al. (2004) investigating the composition
and antibacterial effects of essential oils of Origanum, Thymbra and Satureja species, it
was determined that the most active antibacterial effect was the essential oil of the
Thymbra spicata species.
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Sarag and Tung (1995) determined that some essential oils have toxic and repellent
effects, and that the essential oil of Thymbra spicata, has a repellent effect against the
adults of the rice lice pest (Sitophilus oryzae). The importance and use of the Zahter is
increasing day by day due to the increasing as use of the traditional food and the
characteristics of its essential oil. As a matter of fact, many researchers have made
researches on the cultivation of plants (Tonger and Kizil, 2005; inan et al, 2011). The
morphology, anatomy of zahter and the amount of essential oil content and components
and antimicrobial properties of these compounds have also been studied by many
researchers in Turkey (Dogan et al., 1987; Hanci et al., 2003; Ozel et al., 2003; Baydar
et al., 2004; Erken, 2005; Ozcan et al., 2008).

There is not much research on the breeding of Zahter plant. In this study, it was
aimed to create breeding lines by selecting single plant selection among plants grown
naturally in different regions of Hatay province and to select high quality chemotypes
and agrotypes with essential oil yield.

MATERIAL AND METHODS

Survey and collection studies of the Zahter (Thymbra spicata L.) plant were carried
out. As a result of these studies, 213 single plants were selected and reproduced from 68
different locations and examined in terms of some characteristics. Healthy, different-
looking and highly qualified individuals were selected in the pre-selection study. Since
it is widely used for fresh consumption in the region, especially dense and large-leaved,
highly branched types were also selected for this purpose during selection.

Clonal reproduction was achieved by taking cuttings from the selected plants. 1 part
peat, 1 part soil and 1 part perlite were used as rooting medium in rooting tables. 1000
ppm IBA (Indole-3-butyric acid) was applied to the cuttings for 5 seconds. All of the
rooted cuttings (213 plants) were planted at a distance of 50 x 70 cm in the collection
garden and kept under protection.

The essential oil content of each plant was determined and essential oil components
were also analyzed in GCMS and those with high carvacrol content were determined.

Leaf density: Each selected plant was evaluated in three groups as observation,
sparse, middle and frequent.

Essential oil ratio (%): It was determined according to European pharmacopoeia
with Neo-clavenger in 20 g sample taken from each plant. In the study, plant samples
were distilled for three hours.

Essential oil components (%): It was determined by GC-MS in the essential oil
samples obtained from each plant. Essential oil composition analysis was determined by
using “Thermo Scientific I1ISQ Single Quadrupole” gas chromatography and mass
spectrum in the Medical and Aromatic Plants Laboratory of Mustafa Kemal University,
Faculty of Agriculture, Department of Field Crops. A TR-5MS (5% Phenyl
Polysilphenylene-siloxane, 0.25 mm x 30 m i.d, film thickness 0.25) column was used.
Helium at 99.9% purity 1 mL / min was used as carrier gas. The ionization energy is 70
eV, the mass range is 1.2-1100 amu, the MS transfer line temperature is 250°C, the ion
source temperature is 220°C, and the injection block temperature is 220°C. The samples
were injected at a split ratio of 250. The injection amount was set as 1ul and the furnace
temperature was adjusted to increase from 50°C to 220°C by 3°C / min. As a result of
the analysis, each component was automatically identified by comparing the library
mass spectra (Wiley and NIST) using Xcalibur software. Retention indices were
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calculated using standard n-alkane homologous solutions C8-C20 (Fluka, product code:
04070) and C21-C40 (Fluka, product code: 04071). Analysis of each sample on GC-MS
takes 56 minutes.

RESEARCH AND DISCUSSION

Leaf Density

Each selected plant was evaluated in three groups as observation, sparse, middle and
frequent and shown at Figure 1. It has been determined that frequent leaves common in
general. Of the 213 plants, 138 of them have frequent leaves, 72 of them have medium
density and 3 of them have sparse leaves. Leaf density is especially important in fresh
consumption. In the locally consumed thyme salad, the ones with dense leaves are more
preferred. For this reason, the density of leaves is important.

3

138

» Frequency » Middle » Sparsely

Figure 1. The distribution of leaf density of thyme genotypes

Essential Oil Ratio (%)

The essential oil ratios obtained as a result of the distillation of the leaves of 213
Thymbra spicata plants collected from the flora of Hatay were determined and given in
Table 1. According to the results, the essential oil ratios of selected thyme plants varied
between 0.70% and 3.90%. The values obtained have shown that the variation is greater
by expanding the minimum and maximum values 1-3.4% given in the literature (Baser,
2002) in both directions. This situation reveals that the thymbra plants in the flora of
Hatay show great differences in terms of essential oil ratios. The large variation requires
the selection of types with a high rate of essential oils to be used in variety
development. Among the collected thymbra plants, the varieties with code numbers
Z14, 73, 725, 738, Z77, 7104, 235 and Z43, which are high in essential oil (over
3.50%), were selected to be used in future development studies.
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Table 1. The essential oil contents of leaves of collected T. spicata L. ecotypes

Essential Essential Essential Essential Essential
Code oil Code oil Code oil Code oil Code oil
% % % % %
Z1 2,43 244 3,66 287 2,50 Z130 2,33 Z173 2,50
Z2 2,75 245 2,97 288 2,50 Z131 3,26 2174 2,03
Z3 3,83 246 2,66 Z89 2,50 Z132 1,78 Z175 2,33
Z4 2,66 247 2,03 Z90 1,59 Z133 1,50 Z176 1,85
Z5 3,00 248 2,50 Z91 2,50 2134 1,74 2177 1,78
Z6 3,53 Z49 3,00 792 2,06 Z135 2,86 2178 3,23
z7 2,95 Z50 2,25 Z93 1,00 Z136 1,56 Z179 2,71
Z8 2,27 Z51 3,40 294 2,66 2137 2,00 2180 1,80
Z9 3,33 Z52 2,89 795 2,29 7138 1,66 Z181 1,50
Z10 2,23 Z53 3,00 796 2,00 Z139 3,26 7182 2,08
Z11 2,83 Z54 3,66 297 0,83 2140 1,80 2183 3,23
Z12 2,40 Z55 2,50 Z98 0,83 Z141 1,87 2184 1,66
Z13 1,92 Z56 2,86 Z99 2,15 2142 3,86 7185 2,00
Z14 3,90 Z57 2,60 Z100 1,85 2143 1,87 2186 1,20
Z15 3,13 Z58 2,26 Z101 2,66 Z144 0,70 2187 2,66
Z16 2,43 Z59 3,33 7102 1,50 2145 1,30 7188 3,02
217 2,83 260 2,66 Z103 2,71 2146 0,83 2189 1,80
Z18 3,23 Z61 2,60 Z104 3,63 2147 2,03 Z190 3,26
Z19 2,72 762 2,16 Z105 2,20 7148 2,25 Z191 2,03
Z20 2,02 263 3,86 2106 2,00 2149 2,38 2192 2,75
Z21 2,50 764 3,00 Z107 1,75 Z150 2,00 7193 1,30
Z22 2,50 765 2,66 Z108 1,50 Z151 1,33 7194 3,02
223 2,53 266 2,14 Z109 1,42 Z152 2,00 2195 2,89
224 2,66 267 2,00 Z110 3,12 Z153 1,52 7196 3,37
725 3,83 768 2,66 Z111 2,66 Z154 2,50 7197 1,74
226 2,35 269 3,26 Z112 1,87 Z155 2,15 2198 2,00
z27 3,00 Z70 3,13 Z113 2,00 Z156 2,90 7199 1,80
728 3,27 Z71 3,65 Z114 1,78 Z157 2,75 Z200 3,36
Z29 2,50 Z72 3,20 Z115 1,00 Z158 1,75 Z201 2,03
Z30 3,23 Z73 2,70 Z116 2,08 Z159 1,75 2202 2,25
Z31 2,00 Z74 2,96 Z117 1,85 7160 2,25 2203 2,97
Z32 3,26 Z75 2,26 Z118 1,50 Z161 2,06 2204 1,80
Z33 3,40 Z76 1,90 Z119 1,87 7162 2,00 Z205 1,76
234 2,66 Z77 3,73 Z120 1,20 7163 1,75 7206 2,66
Z35 3,53 278 2,54 2121 3,00 2164 1,61 2207 1,87
Z36 3,46 Z79 3,33 7122 2,50 7165 3,02 7208 3,70
237 2,71 Z80 2,05 7123 0,92 7166 2,75 Z209 3,26
Z38 3,76 Z81 3,16 2124 1,30 2167 1,30 2210 2,16
Z39 3,33 782 3,66 7125 2,75 7168 2,62 Z211 2,50
Z40 2,75 783 1,66 7126 1,00 7169 2,50 2212 1,85
Z41 3,33 284 2,76 2127 1,75 Z170 1,50 2213 2,90
742 2,40 785 1,88 7128 191 Z171 2,35
743 3,50 786 3,00 7129 3,33 Z172 1,60

Min: 0.70; Max: 3.90; Average: 2.42; Std. deviation: 0.72; Coef. of variation: 29.53

Essential Oil Components (%)

The essential oil components obtained as a result of GC/MS analyzes in the study
are given in Table 2, respectively (>1%). The main component of thyme herbs is
carvacrol. However, a wide variation has been detected among ecotypes in terms of
carvacrol content. The carvacrol contents of the thyme plants varied between 28.12%
(Z104, Z142) and 78.48% (Z167) and the average carvacrol ratio was 48.68% (Table 2).
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The prominent types in terms of carvacrol ratio were determined as Z167 (78.48%),

Z165 (77.98%) and Z64 (72.54%).

Table 2. Carvacrol contents of the thymbra genotypes (%)

Carvacrol Carvacrol Carvacrol Carvacrol Carvacrol
Code % Code % Code % Code % Code %
Z1 55,66 Z44 56,25 787 49,00 Z130 30,32 Z173 67,08
Z2 49,95 245 51,83 288 59,77 Z131 44,49 Z174 49,02
Z3 54,37 246 42,87 Z89 39,54 2132 50,28 Z175 39,13
Z4 54,50 Z47 59,88 Z90 40,08 7133 40,40 Z176 48,05
z5 59,25 748 45,52 Z91 38,51 Z134 35,63 zZ177 47,76
Z6 48,61 249 56,38 292 45,07 2135 47,58 Z178 56,63
z7 50,52 Z50 47,87 Z93 49,61 7136 41,89 Z179 39,32
Z8 55,66 Z51 49,11 794 49,17 Z137 43,45 Z180 40,92
Z9 52,41 Z52 50,41 295 41,63 2138 42,94 Z181 57,80
Z10 54,49 Z53 54,49 796 52,33 Z139 41,63 7182 37,82
Z11 47,81 Z54 51,24 Z97 32,71 Z140 46,44 7183 47,84
212 49,65 Z55 53,67 Z98 51,62 2141 47,00 2184 53,77
Z13 59,66 Z56 32,20 799 66,77 2142 28,12 7185 56,64
Z14 49,80 Z57 47,83 Z100 46,83 7143 39,48 7186 60,23
Z15 51,05 Z58 49,02 Z101 49,01 2144 52,44 2187 44,74
716 46,30 Z59 47,32 2102 33,52 Z145 34,92 7188 44,28
Z17 58,18 260 44,37 Z103 56,25 7146 43,10 7189 51,60
Z18 56,03 261 61,76 2104 28,12 2147 41,13 Z190 39,63
Z19 51,02 262 50,90 Z105 56,58 7148 43,74 7191 38,39
Z20 56,18 763 52,02 7106 28,84 7149 56,96 7192 42,80
Z21 56,39 264 72,54 2107 40,07 Z150 30,32 Z193 59,10
Z22 48,17 765 47,50 Z108 66,57 Z151 42,96 7194 54,05
723 31,28 266 52,35 Z109 55,63 7152 49,23 7195 64,09
224 59,64 267 73,66 Z110 48,85 Z153 43,79 2196 36,36
Z25 44,74 768 48,85 Z111 36,39 Z154 54,41 Z197 45,79
726 59,16 769 53,94 7112 37,11 Z155 37,68 7198 50,53
227 53,49 Z70 51,39 Z113 52,16 2156 59,96 Z199 38,13
728 54,84 Z71 52,52 Z114 39,10 Z157 41,89 Z200 31,37
Z29 45,60 Z72 53,95 Z115 64,85 7158 41,52 Z201 39,59
Z30 49,00 Z73 58,74 Z116 38,28 Z159 44,53 2202 48,31
Z31 54,74 Z74 32,94 Z117 53,94 Z160 38,72 Z203 45,66
Z32 47,92 Z75 61,76 Z118 58,74 Z161 46,16 7204 51,42
Z33 57,00 276 45,76 Z119 32,87 2162 41,40 Z205 48,93
734 41,02 Z77 58,74 Z120 37,70 2163 47,00 7206 49,33
Z35 46,30 Z78 29,79 Z121 44,35 2164 69,89 Z207 46,13
236 53,15 Z79 32,87 2122 40,05 2165 77,98 2208 51,23
237 44,26 280 49,91 2123 50,02 2166 38,83 Z209 50,28
738 44,05 Z81 47,98 7124 54,83 2167 78,48 Z210 70,53
Z39 49,01 282 45,87 2125 41,21 2168 68,29 Z211 34,60
240 47,94 283 47,58 2126 41,64 2169 57,38 2212 48,26
Z41 51,28 784 46,12 Z127 44,23 Z170 63,00 7213 51,15
242 59,64 285 52,10 2128 43,56 Z171 54,37
243 49,35 286 44,15 2129 47,98 2172 51,39

Min: 28.12; Max: 78.48; Average: 48.68; Std. deviation: 9.19; Coef. of variation: 18,89

Generally, p-Cymene is seen as the second component. Even in some ecotypes, p-
Cymene values were obtained almost similar to carvacrol. In addition, some ecotypes
contain thymol with carvacrol. Z23 (18.18%), Z41 (16.88%), Z56 (20.75%), Z74
(21.51%), Z79 (7.41%), Z119 (8.56%), Z130 (16.00%) and Z150 (18.21%) code
numbered ecotypes contain thymol at specified rates. The results obtained are in
agreement with the literature (Baser et al., 1996, Hanci et al., 2003).
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spicata var. spicata L.

The zahtar that were collected were examined in terms of leaf density, essential oil
ratio and essential oil components. Among the zahtar collected in the study, the plants
with code number Z14, Z3, Z25, Z38, Z77, Z104, Z35 and Z43, which are high in
essential oil (over 3.50%), were selected. The prominent types in terms of carvacrol
ratio were determined and selected as Z167 (78.48%), Z165 (77.98%) and Z64
(72.54%). In the study, it was also determined that some plants with low essential oil
content such as Z144 and Z158 also have low oil glands number and oil glands
diameter. It would be appropriate to evaluate these values obtained as preliminary
knowledge together with future ontogenetic variability studies.
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In the circular economy context, the use of proteins from collagen and keratin by-products of
leather industry to obtain products for agriculture serves to reduce the carbon footprint generated
from industry by reducing the amount of chemical synthesis products administered in agricultural
technologies. This paper presents complexes based on collagen and keratin extracts obtained from
by-products of the leather industry and their characterization. Thermal and chemical-enzymatic
hydrolysis of semi-processed leather and degreased wool by-products was performed for protein
extraction. Complexes were obtained by addition and crosslinking with active principles and
vegetable tannins to collagen and keratin extracts. The characterization of complexes was
performed based on the results of analytical investigations by physico-chemical methods:
volumetry, potentiometry, IR spectroscopy, Dynamic Light Scattering and Texture Analysis. It has
been found that collagen and keratin extracts contain sufficient proportions of small and medium
size components size, of the order of 1-100 nm and of 100-1000 nm, specific for free amino acids
and small oligopeptides with a role in bio stimulating seed germination, but also contain large size
components, over 1000 nm, in considerable proportions, which provide the adhesive and film-
forming properties, with a role in foliar application and retarded release of amino acids.

Keywords: by-products, proteinic complexes, texture analysis.

INTRODUCTION

The use of protein extracts as a source of nitrogen for biostimulation, plant nutrition
and protection, is a constant concern in research and in recent years there have been
important results in this direction.

Unlike inorganic nitrogen-based fertilizers that are used predominantly in intensive
agriculture, the main advantages of protein extracts administered in crops are their
ecological relationship with plants and soil, but especially the systemic effects of
biostimulation and protection under stress. A major advantage is the availability of
proteins as secondary resources in aquaculture, food industry, leather industry (Li et al.,
2020; Hukmi et al., 2018; Lavinska et al., 2017).

Protein extracts are a valuable source of nitrogen (nutrients) for agriculture, which can
be used by both root and foliar application. The root application favors the release of the
organic fraction in the soil, preventing dehydration due to the high rate of absorption
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through the roots, and by foliar application the nutritional role is amplified by the role of
vehicle for microelements. Protein compounds offer long-lasting fertilizing effects
compared to inorganic fertilizers, and by functionalizing with various plant extracts,
protective effects on crops can be induced against pests (fungi and insects).

The intelligent use of secondary protein resources for plant nutrition, increasing soil
fertility and reducing the carbon footprint, is an ecological alternative to synthetic
materials and promoting sustainable agriculture in the context of the circular economy.

This paper presents complexes based on collagen and keratin extracts obtained from
by-products of the leather industry and their characterization. The collagen and keratin
extracts from the leather processing by-products were used to obtain complexes products
with specific properties for the agricultural field, with effects on germination, nutrition and
plant protection in various stages of vegetation. Also, the protein complexes properties can
be exploited in other applications (Matyasovsky et al., 2017; Ranjithkumar et al., 2019),
in accordance with the current trends of circular economy development.

EXPERIMENTAL PART

Materials

The bovine leather by-products and wool by-products from the Leather and
Footwear Research Institute Division, Romania, for collagen and keratin extraction, as
gelatin with average molecular weight over 30 kDa and collagen and Kkeratin
hydrolysate with average molecular weight below 15 kDa.

Formic acid 80% from SC CHIMOPAR TRADING SRL, for pH corrections.

Ammonia solution 25% p.a, anhydrous sodium carbonate p.a from Chimreactiv SRL
and ethoxylated alkyl non-ionic detergent from Borron SE for wool degreasing.

Hydrated calcium oxide p.a from SC Cristal R Chim SRL for leather and wool
by-products hydrolysis.

Vegetable tara tannin from Leather Quimica SLU was used as powder with volatile
matter content 8.6 and tannin content 39% to obtain tannin extract.

Glycerol were products of SC Chimopar SA Romania.

Procedures

Bovine gelatin was obtained by thermal hydrolysis of semi-processed leather by-
products at 70°C temperature and pH 4.0.

The collagen hydrolysate was obtained by chemical-enzymatic hydrolysis at 60°C
temperature and pH 8.0-8.5.

The keratin hydrolysate was obtained by chemical hydrolysis at 80°C temperature
for 24-28 hours.

The Tara tannin extract (with 5% dry substance, 4% tanning substances) was obtained
by hydrolyzing the Tara powder in water at a temperature of 60-80°C for a period of 1-2
hours, centrifugation and vacuum filtration on cellulosic membranes (Gaidau et al., 2014).

The complexes based on collagen or collagen and keratin were made by
continuously stirring the gelatin with collagen or keratin hydrolysate additivated-
crosslinked with glycerol and tannin extract at 50-60°C for 40-90 minutes.

Analytical Methods

The collagen and keratin extracts and their complexes were analysed by gravimetric
methods, dry substance (SR EN ISO 4684:2006) and total ash (SR EN 1SO 4047:2002),
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by volumetric methods, in terms of total nitrogen and protein substance (SR I1SO
5397:1996), aminic nitrogen (ICPI protocol) by potentiometric method for pH
measurement (SR EN ISO 4045:2008).

Dynamic Light Scattering was used for size particle determination and distribution
by ZetaSizer device Nano ZS (Malvern, UK).

Texture tests of complexes based on collagen and keratin were carried out using a
TEX’AN texture analyser.

IR spectroscopy was used for structural analysis by FT/IR-4200 (Jasco) with ATR
device equipped.

RESULTS AND DISCUSSIONS

To obtain collagen and keratin complexes, the following protein extracts were
prepared: GA gelatin, WH collagen hydrolysate, KH keratin hydrolysate, with the
chemical characteristics presented in Table 1.

Table 1. Characteristics of protein extracts

Characteristics MU Gelatin GB Hydrolysates
WH KH
Dry substance % 14.52 - -
Volatile matter % - 10.11 8.50
Total ash % 0.20 12.58 12.28
Total nitrogen % 16.41 12.08 12.55
Protein substance % 92.67 67.89 76.04
Amino nitrogen % 0.50 1.16 0.70
pH analytical solution - 4.42 8.90 7.75

The analysis of collagen and keratin hydrolysates by Dynamic Light Scattering
(DLS) presented in Figure 1, (i) for WH collagen hydrolysate and (ii) for KH keratin
hydrolysate, highlights the existence of small peptide fragments, in the specific “nano”
field in this case for free amino acids and oligopeptides.

S Distrisuten by Intsrmty Size Distrbutien by Iiensity

Imtaraity (Percent)

Size [dam) Size (d.nm)
® (1)
Figure 1. Particle size in protein hydrolysates
The particle size distribution in collagen and keratin hydrolysates is shown in Table 2:

Table 2. Particle size distribution in protein hydrolysates

Sample Particle size share
10-100 nm  100-1000 nm 1000-10000 nm
Collagen hydrolysate, WH 0.5 83.6 15.9
Keratin hydrolysate, KH 0.7 93.5 5.8
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DLS analysis reveals the existence of a higher percentage of particles below 1000
nm in collagen hydrolysate, being consistent with the higher content of amino nitrogen,
which indicates a lower average molecular weight of collagen hydrolysate compared to
keratin hydrolysate.

Gelatin and hydrolysates combined to form two types of complex gels, one based on
collagen, GW and one based on collagen-keratin, GK, plasticized with glycerol and
crosslinked with vegetable tannin extract. The chemical characteristics of the gels are
presented in Table 3.

Table 3. Characteristics of protein gels

Characteristics MU GW GK
Dry substance % 32.48 29.39
Total ash % 271 4.05
Total nitrogen % 9.76 10.04
Protein substance % 54.85 56.42
Amino nitrogen % 0.67 0.48
pH analytical solution - 5.76 5.39

The gels strength of proteinic complexes formed by cross-linking and additivation
was studied in comparison with gelatin in standard conditions by Direct Compression
(CD) test. The results of the analysis are shown in Figure 2, for gelatin (a), collagen
complex (b) and collagen-keratin complex (c).

——

(a) GB (b) GW (¢) GK

Figure 2. The comparative gels strength

It is found that the addition of gelatin with hydrolysates, and crosslinking lead to
gels with a significantly higher strength, the largest increase being recorded by the gel
additivated with keratin. The increase of the gelatin strength by additivation and
crosslinking is the consequence of bond formation and new compounds that consolidate
the newly formed structures.

The complete textural analysis of collagen and keratin based complexes for
agricultural applications, whether they are plant or soil fertilizers, support bands for
very small seeds, biodegradable packaging, etc. is done by Compression-Relaxation-
Traction (CRT) tests. By CRT test three consecutive phases are carried out:
compression followed by a relaxation phase without movement where the reaction force
(elastic thrust) of the sample is measured, then the probe is lifted while the fluid’s
traction force is measured, indicating its adhesiveness.

CRT tests measure the consistency, elasticity and adhesiveness and enable relevant
parameters to be selected to define a product’s texture, which will be related to its
hardness, cohesion, and adhesiveness or free-running nature.
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Figure 3 shows the complete textural analysis of gelatin and collagen and keratin
based complexes.

(A) GB 7 (B) GW Q6K

Figure 3. The Compression-Relaxation-Traction tests

The three phases can be identified on the curve Force =f(time): Fmax, which is the
product’s consistency in terms of defined compression (probe and distance); %
Relaxation, which is inversely proportional to the product’s elasticity; Fmin, which
reflects the traction or adhesion force of the product on the probe when it is brought out
of the sample. The results of CRT tests show that the addition-crosslinking of gelatin
causes a decrease in consistency but a pronounced increase in the elasticity of the gels,
compared to the control gelatin, as well as a lower adhesiveness to the probe, without
noticing significant differences between the two gels, only differences from gelatin.

According to response curve and the quantified values of these parameters, different
textures of products can be compared and ranked.

The physical properties of the protein complexes are the consequence of the
structural changes occurred following the crosslinking of the protein extracts with Tara
tanning agent, highlighted by the IR spectral analysis. IR spectra show the spectral
analysis of PW (in 1) and PK (in 1I) films, formed by GW and GK gels, respectively,
compared to gelatin (GB) and collagen hydrolysates (WH in 1) and keratin (KH in I1),
respectively. IR spectra are presented in Figure 4.

M Ve
R 5\

rertiat] ' w{—l—l)bll

0]
Figure 4. IR spectral analysis of proteinic complexes

-

The comparative analysis reveals that, in the spectra of the films formed by
crosslinking the combinations of collagen extracts and combinations of collagen and
keratin extracts with Tara tanning agent, there are missing peaks compared to
hydrolysates, from the characteristic band 2600-3100 cm! specific to free amino acids
and from band 1230-1260 cm also specific to amino acids, while new peaks appear,
non-existent in gelatin and hydrolysates, in the characteristic band 724-1174 cm™. The
common peaks in the films have frequencies and intensities slightly modified compared
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to those existing in gelatin and hydrolysates. Changes in crosslinking conditions can be
attributed to the recombination of proteins of different sizes and the formation of larger
peptide chains, specific to film-forming materials.

Testing complexes based on collagen and keratin to cover rapeseed as an outer layer
of coating and monitoring of rapeseed crops in which seeds coated in this manner were
used, led to superior results compared to control crops, established with conventionally
treated seeds. There was a significant increase in germination compared to the control,
as well as a better subsequent development of the plants. The overall development of
the plants, both of the aerial part and of the underground part, was constant and much
better highlighted than that of the untreated control.

CONCLUSIONS

The addition of collagen or keratin hydrolysates into gelatin provides a content of
free amino acids and small oligopeptides with a role in bio stimulating seed
germination. Crosslinking of collagen and keratin extracts with Tara tanning agent
improves the film-forming properties and elasticity of the protein complexes. Collagen
and Kkeratin extracts are an alternative to the replacement of synthetic amino acids used
to stimulate germination and plant development.
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Fur and leather have been among the first materials used for clothing and bodily decoration. It is
known that Homo sapiens and Homo neanderthalensis used fur clothing. Even though the
invention of inexpensive synthetic textiles for insulating clothing led to fur clothing falling out of
fashion, fur is still worn in most cool climates around the world such due to its superior warmth
and durability. In addition, a huge number of furs exists in the ethnography and anthropology
museums around the world. The storage and conservation of furs, old and modern, is still
challenging for both conservators and population because most commercial products are highly
toxic for humans and environment. We therefore tried to control or limit the damage caused by
external factors and insects by using green finishing and maintenance treatments. It is known that
essential oils, known for their special perfume, can be used to repel insects. Mint, cedar, lavender
oils were hence tested to treat sheepskin furs as a final finishing operation. In addition, the use of
new products based on natural oils, ethyl alcohol, nonionogenic surfactants from the class of
polyethoxylated fatty acids and of polyethylene glycols, and cationic surfactants (quaternary
ammonium salts) were tested and proved they contribute to both perfuming and improving the
resistance of furs to moths.

Keywords: green conservation, fur, finish & maintenance

INTRODUCTION

In order to prevent the emergence and growth of microorganisms, biocides are used
in various stages of leather processing, improving resistance to biological attack and
preventing deterioration of mechanical and chemical properties of leathers and furs.

Some biocides used in the leather industry have a certain toxicity, and are prohibited
by the directives in force (Directive 2010/75/EU).

The storage and conservation of furs, old and modern, is still challenging for both
conservators and population because most commercial products are highly toxic for
humans and environment.

Essential oils are very concentrated in active chemical elements (aliphatic and
aromatic hydrocarbons, alcohols, aldehydes, esters etc.) and have various properties:
they are antiseptic, antibacterial etc. (European Pharmacopeia, 2005).

It is known that essential oils, known for their special perfume, can be used to repel
insects (Niculescu et al., 2015; Niculescu et al., 2019).

Mint, cedar, lavender oils were tested to treat sheepskin furs as a final finishing
operation. In addition, the use of new products based on natural oils, ethyl alcohol,
nonionogenic surfactants from the class of polyethoxylated fatty acids and of polyethylene
glycols, and cationic surfactants (quaternary ammonium salts) were tested and proved
they contribute to both perfuming and improving the resistance of furs to moths.

The paper presents methods of obtaining the furs fragrant and moth-resistant furs,
can be used for preservation of modern and old furs in the museums of ethnography and
anthropology.
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EXPERIMENTAL

Materials

Mint oil (Adams, Romania), containing menthol — 40.16 %, L-menthone — 23.90%,
I-menthone — 14.89%, D-limonene — 8.65%, menthyl acetate — 4.39% etc.

Cedar essential oil (Solaris Plant, Bucharest), containing thujopsene — 37.36%,
cedrenol — 20.90% cedrene — 20.14% and cuparene — 9.58%.

Lavender oil (Adams, Romania), containing linalool — 36.59%, linalyl acetate —
35.76 %, alpha — terpineol — 7.63%, lavandulyl acetate — 2.98%, caryophylene — 2.96%.

Ethanol (Chemical Company, Germany), colorless liquid, boiling point 78.37°C,
density -0.79g/cm3;

Nonionic emulsifier — lauryl alcohol ethoxylated with 7 moles of ethylene oxide
(Elton Corporation, Romania), density — 0.97 g/cm?® at 40°C, pH (10% solution) — 7-8.

Polyethylene Glycol 400 (Merck, Germany), density - 1.15 g/cm® at 20°C, flash
point » 200°C; pH (10% solution) — 5-7; melting point - 5°C, ignition temperature -
360°C.

Hexadecyl-trimethyl ammonium bromide (Merck, Germany), water solubility of
3g/L, pH (10% solution) — 5-7, melting point 237-243°C, hygroscopic.

Product P-MCL based on essential oils (mint, cedar, lavender): dry substance — 19-
21%, pH (10% solution) — 4.5-5.0, density —0.890-0.900 g/cm?.

Sheepskins tanned with syntans based on phenolsulphonic acids and aromatic
oxisulfones (INCDTP — Division Leather and Footwear Research Institute Bucharest,
Romania).

Methods

Synthesis of materials based on plant extracts for treatmentation of furs was
conducted in a glass flask using a heating and homogenization installation (Velp) and an
ultrasonic bath (Elmasonic S 15 H).

Analysis of the essential oils was carried out by using Gas Chromatography Mass
Spectrometry Analysis - Agilent 7890 A GC System equipped with Agilent 5795 C MS,
and HP-5 MS (0.25 mm x 30 m i.d., film thickness 0.25).

Attenuated Total Reflectance Fourier transform infrared spectroscopy measurements
were run with a Jasco instrument (model 4200), in the following conditions:
wavenumber range — 600-4000 cm™; data pitch — 0.964233 cm™.

Chemical characteristics of products based on essential oils were determined
according to the following standards: dry substance (%) — SR EN 1SO 4684:2006; pH —
SR-EN 1SO 4098: 2006.

Chemical and mechanical characteristics of furs were determined according to the
following standards: volatile matter % — SR EN 1SO 4684:2012, extractible substances
% — SR EN 1SO 4048:2002, ash % — SR EN 1SO 4047:2002, shrinkage temperatures
(°C) — SR EN IS0 3380:2003, the longitudinal and transverse tensile strength — SR EN
ISO 3376:2012.

Obtaining the Product Based on Essential Oils
The following components were added to the mixing vessel: 20% mint essential oil,
20% cedar essential oil and 20% lavender essential oil, 10% ethyl alcohol, 10% lauric
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alcohol ethoxylate with seven moles of ethylene oxide, 10% polyethylene glycol 400,
1% hexadecyltrimethylammonium bromide and deionized water. Components were
homogenised using a mechanical stirrer, on an electrically heated installation, at the
temperature of 30-35°C, for 15-20 min. In order to homogenise components, an
ultrasound bath was used, in which the glass flask was inserted, at the temperature of
25°C, for 10 minutes. The products obtained were marked P-MCL.

RESULTS AND DISCUSSION

Characterisation of Components Used to Obtain P-MCL Product

Mint, cedar and lavender essential oils used to obtain product P-MCL were analysed
using GC-MS. Identification of compounds in their composition is presented in Tables 1-3.

Table 1. Identification of organic compounds in the mint essential oil by GC-MS

No. RT Amount, % Compounds
1 17.99 8.65 D-limonene
2 25.33 23.90 L-menthone
3 25.93 14.89 I-menthone
4 26.79 40.16 Menthol

Table 2. Identification of organic compounds in the cedar essential oil by GC-MS

No. RT Amount, % Compounds
1 36.85 20.14 Cedrene
2 37.67 37.36 Thujopsene
3 40.76 9.58 Cuparene
4 45.12 20.90 Cedrenol

Table 3. Identification of compounds in the lavender essential oil by GC-MS

No. RT Amount, % Compounds
1 21.54 36.59 Linalool
2 25.32 7.63 Alpha -Terpineol
3 28.62 35.76 Linalyl acetate
4 29.98 2.98 Lavandulyl acetate

FT-IR Characterization of Components Used and the Obtained Product

Figure 1 presents the spectral characteristics of mint (MIN), cedar (CED), lavender
(LAV) essential oils and of product (P-MCL).

a - The FTIR spectrum of MIN b - The FTIR spectrum of CED

https://doi.org/10.24264/icams-2020.11.20

227



Ecological Approaches for Protecting and Perfuming Natural Sheepskin Fur

¢ - The FTIR spectrum of LAV d - The FTIR spectrum of P-MCL

Figure 1. The FTIR spectra of mint (MIN), cedar (CED), lavender (LAV) essential oils
and of product (P-MCL)

The main bands of product P-MCL are (Fig. 1d): 3354 cm™ — indicating the presence
of hydroxyl groups, 2961 cm?, 2924 cm™ and 2872 cm™ — indicating the presence of
aliphatic CH; groups, 1738 cm™ and 1709 cm™ — indicating the presence of C=0 group
from ester, 1088 cm, 1048 cm™ and 881 cm™ given by the C-O group from ether.

The bands with similar wavelengths are found in the FTIR spectra of the essential
oils of mint, cedar and lavender (Fig. 1a-c), which are part of the composition of the P-
MCL perfume product.

Physical-Chemical Characteristics of the Product Based on Essential Oils

The physical-chemical characterization of new P-MCL product, based on essential
oils, ethyl alcohol, non-ionogenic surfactants from the category of polyethoxylated fatty
alcohols and polyethylene glycols and water: it is a yellowish white fluid, homogenous,
with 19-21% dry substance, pH — 4.5-5.0, density -0.890-0.900 g/cm?.

FT-IR Characterization of Obtained Fur Assortments

Figure 2 presents the spectral characteristics of the untreated fur with P-MCL, F1
(control sample), (Fig. 2a), compared with those of the treated ones (with P-MCL
product) F2, F2(1), F2(2) and F2(3), (Fig. 2b-e). Figure 2f presents superposed IR
spectra of treated fur samples with P-MCL product, F2, F2(1), F2(2) and F2(3), which
have different intensities, depending on the amount of P-MCL product used.

==
¢ - The FTIR spectrum of F2(1) d - The FTIR spectrum of F2(2)
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e

e - The FTIR spectrum of F2(3) f - The superposed FTIR spectra of F2,
F2(1), F2(2), F2(3)

Figure 2. The FTIR spectra of samples F1, F2, F2(1), F2(2), F2(3)

The main spectral bands of the F1 fur sample are found in the following regions:
2925 and 2874 cm® (-CH3, -CH2-), 1630 cm™ (-OC-N), 1518 cm™ (NH), 1447 cm™
(CH), 1284 and 1235 cm (NH-CO), 1144 and 1103 cm™* (CO) (Fig. 2a).

The main spectral bands of the F2 fur sample, treated with the product P-MCL, are
found in the following regions: 2965 and 2927 cm™ (-CH3, -CH2-), 1636 and 1634 cm',
characteristic for the groups C = O and —~OC-N, 1440 cm™ (CH), 1239 cm™ (NH-CO)
(Fig. 2b).

Modification of the F2 fur sample spectral bands was observed at the absorption
peaks of approximately 1413 and 1379 cm™ (indicating the presence of C-OH group
from alcohol), 1084, 1048 and 881 cm (given by the CO group from ether); they are
slightly modified and of lower intensities, but are present in the P-MCL product. The
above differences between the IR spectra of the treated and untreated fur can be
considered as a proof of the presence of the P-MCL product.

Characterization of Furs by Physical-Chemical and Physical-Mechanical Analyses

The values of the physical-chemical characteristics of the furs are comparable to the
values set by the standards for sheep furskins intended for clothing (volatile dermal
matter 12.20-12.80% and volatile wool matter 10.20-12.60%, extractable dermal
substances 9.50-11.70% and wool extracts 0.60-0.90%, ash 3.50-3.90%, pH of aqueous
extract, 4-4.5. Values of shrinkage temperatures for sheep furskins are lower (70-75°C)
than those of sheep furs processed with basic chromium salts (approx. 80°C).

The longitudinal tensile strength tests resulted in a value of 250-350 N/mm,
compared to the standard for the sheep furskins tanned with chromium salts for
clothing, which are of min. 110 N/mm, and the transverse tensile strength values are
200-250 N/mm, compared to the values given in the standard for sheep furskins tanned
with chromium salts for clothing, which are of min. 80 N/mm.

Characterisation of Obtained Fragrant Fur Assortments

The obtained P-MCL product can be applied to Merinos sheep fur (free of metals).
In order to obtain the perfuming effect, the sheep furs were finished with a wetting
solution for the final treatment of the furs, using the P-MCL product in different
proportions, as follows:
e Sample F2 treated with a solution containing 300 mL/L P-MCL product, 3 mL/L
nonionic emulsifier and deionized water (at a temperature of 30°C);
e Sample F2 (1) treated with a solution containing 250 mL/L P-MCL product, 2.5
mL/L nonionic emulsifier and deionized water (at a temperature of 30°C);
e Sample F2 (2) treated with a solution containing 200 mL/L P-MCL product, 2
mL/L nonionic emulsifier and deionized water (at a temperature of 30°C);
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e Sample F2 (3) treated with a solution containing 100 mL/L P-MCL product, 1
mL/L nonionic emulsifier and deionized water (at a temperature of 30°C).

The wetting solution is spread evenly over the hair coating, using thick plastic brushes.
After depositing the solution, it is uniformized by brushing with plush pad (avoiding
staining the dermis with the wetting solution). The operation is repeated twice.

Fur articles treated with a solution containing 300 mL/L P-MCL are more effective
(fragrance lasts for 10-15 days).

CONCLUSIONS

= Sheepskins were tanned (free of metals) with syntans based on phenolsulphonic acids
and aromatic oxisulfones, and treated with fragrance products based on vegetable
extracts with insecticidal action (mint, cedar, lavender).

= The P-MCL product can be used to treat the surface of finished sheep furskins (free of
metals) for perfuming and improving the resistance of furs to moths.

= The fragrant and moth-resistant furs can be used for preservation of modern and old
furs in the museums of ethnography and anthropology.
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The art of bookbinding requires not only skills in the old craft of bookbinding but also materials that can
transform a simple book into a high-quality artistic product. Due to its unique properties, leather still
remains the first-choice material in the case of art and archival bindings. However, the long-term
durability of modern leather is not known since there is little commercial interest in long periods of
durability and the market of leather for art, design and archival purposes is very small. It is worth noting
that deterioration is influenced by the manufacturing technology, and especially by the chemical
ingredients used in the various steps of leather making, from dehairing to tanning and finishing. It is
therefore very likely that modern and contemporary artworks made of/with modern leather undergo
faster degradation than ancient and medieval artworks. Thus, leather finishing is very important for both
artistic and sustainable points of view. In fact, finishes with special effects such as antique, bicolour,
printed, cracked, waxy are highly sought for vegetable tanned leather used for artistic and luxury
bookbinding, archival bookbinding and restoration purposes. The evolving leather finishing technology
of chrome-free leather (i.e. vegetable tanned leather) has enabled us to protect and improve the quality,
look and feel of leather and to make it suitable for contemporary art bindery.

Keywords: durable, finish, bookbinding leather

INTRODUCTION

Due to its unique properties, leather still remains the first-choice material in the case
of art and archival bindings. Ancient and medieval works of art, but also modern and
contemporary works of art made of/with modern leather can suffer a certain degradation
over time.

Finishing the skin is very important both artistically and sustainably, and aims to
beautify, obtain a pleasant gloss and touch, cover defects, form a protective surface
layer during use, as well as improve resistance to external factors (light, friction,
scratches, water) of objects made from leather.

The finishing is carried out by spraying or with the help of ecological roller finishing
machines, applying on the dermal support of some dispersed systems, in the
composition of which the following auxiliary materials are used: pigments, binders,
natural waxes and synthetics, preservatives, plasticizers, thickeners, fillers, odorants,
penetrants, solvents (Lange, 1982; Heidemann, 1994).

Binders are film-forming macromolecular compounds used in all stages of finishing
to give leather flexibility, adhesion and resistance to wear and to external factors. The
composition of leather surface finishing systems includes acrylic, polyurethane,
butadiene and nitrocellulose binders. Depending on molar masses and hardness, binders
are used in various finishing coats (basecoat or dressing) to obtain the desired finish.

The types of finishes differ in terms of the working procedures or the effects
obtained. By varying the components or working methods, even the same finishing
process can lead to different gloss, matting or coating effects (Niculescu et al., 2015g;
2015b; 2015c; Niculescu and Mendea, 2019). Thus, finished natural leathers can be
made by modern means, imitating ancient natural leathers.
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For bookbinding, leathers can be used with contrasting, antique, cracked, wrinkled,
pleated, polished, printed, glossy, matte, pearlescent effect, with a silky, waxed, aniline,
semianiline touch, in a wide range of colors, finished with materials which provide the
desired characteristics of the finished product, for artistic and luxury bookbinding,
archival bookbinding and restoration purposes.

The paper presents the surface leather finishing technologies that can be used for
bookbinding leather with special effect finish. The auxiliary finishing materials
selected, both for the basecoat and for the final finishing coat, as well as the working
procedures used, led to obtaining assortments of natural leather finished with antique
and cracked effect, which can imitate old, used leathers for valuable book covers.

EXPERIMENTAL

Materials

e Roda-Cryl 87, Roda-pure 302, Roda Wax MONO, Roda-Pur 5011, Roda
lacquer 93, Roda feel KTA 950, Roda Casicolor Ochre, Roda Casicolor Brown
R (Triderma, Romania).

e Eukesol OL Grund AB-1, LURON Glanz E, LURON Top, Eukesolar (STHAL,
Holland).

e The crust bovine (calves) leathers natural grain assortments, vegetable tanned
and wet finished by retanning, and fatliquoring (1.2-1.4 mm thick) (INCDTP —
Division Leather and Footwear Research Institute Bucharest, Romania).

Methods

Optical microscopy images were captured using a Leica stereomicroscope S8APQ
model with optic fiber cold light source, L2, with three levels of intensity, and 20X
magnification for the finished leather surface.

Finished leathers were artificially aged and tested by colorimetric measurements
were performed using a MINOLTA spectrophotometer (CM 2002), with light impulses
from a xenon lamp with 0.8 cm aperture. Light reflection is focused on a silicon photo
diode with wavelengths between 400 and 700 nm (10 nm steps) and L*a*b* values
(chromatic coordinates: brightness, red/green and yellow/blue), according to the CIE
LAB system. Parameters of colour difference between aged samples using I1T1, IT2, and
IL methods (T) and unaged ones (R) were calculated using the following equations:

Aa* = a*t — a*gr (8]

Ab* = b*T — b*R (2)

AL* = L*7 — L*g 3)
Chromatic deviation or shift AE* was calculated with equation:

AE* = [Aa*z + Ab*2 + AL*2]1/2 (4)

Elaboration of Dry Finishing Technologies for Natural Leathers for Bookbinding

Dry finishing technologies have been developed for natural grain coloured bovine
hides with contrasting, antique and cracked effect (Triderma, 2019; STAHL, 2019).

The framework technology for dry finishing of bovine leather into natural grain box
assortments for bookbinding, with contrasting effect, marked P1(P), with antique effect,
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marked P2(P) and with cracked effect, marked P3(P) and polyurethane final dressing, is
presented in Tables 1-3.

Table 1. Framework technology for dry finishing of bovine leathers into natural grain

box with contrasting effect

Operation Dispersion composition/application method
Application of 80-100 g/L pigment paste (Roda Casicolor Ochre)
dispersion | 30-50 g/L aqueous wax emulsion (Roda wax MONO)
(basecoat) 250 g/L acrylic binder (Roda-cryl 87)

Intermediate
pressing
Application of
dispersion Il

Application of
final dressing
(fixing)

Final pressing

600-640 g/L water

Application by spraying (2 passes dispersion 1)

In hydraulic press with the mirror or fog plate, parameters:
- temperature — 50-60°C; pressure — 50-100 atm

30-50 g/L metalcomplex dye (Roda Brown H)

30-50 g/L ethanol

250 g/L acrylic binder (Roda-cryl 87)

650-690 g/L water

Application by spraying (2 passes dispersion I)

The skins are wrinkled before applying dispersion Il

700 g/L aqueous polyurethane dispersion (Roda pur 5011)
20 g/L aqueous wax emulsion for handle (Roda feel KTA 950)
280 g/L water

Application by spraying (2 passes final dressing)

In hydraulic press with the mirror plate, parameters:

- temperature — 70-80°C; pressure — 50-100 atm.

Table 2. Framework technology for dry finishing of bovine leathers into natural grain

box with antique effect

Operation Dispersion composition/application method
Application of 60-80 g/L pigment paste (Roda Casicolor Ochre)
dispersion | 30-50 g/L aqueous wax emulsion (Roda wax MONO)
(basecoat) 200 g/L acrylic binder (Roda-cryl 87)

Intermediate
pressing
Application of
dispersion Il

Drumming
Application of
final dressing
(fixing)

Final pressing

100 g/L polyurethane binder (Roda-pure 302)

570-610 g/L water

Application by spraying (2 passes dispersion I)

In hydraulic press with the mirror or fog plate, parameters:
temperature — 50-60°C; pressure — 50-100 atm

80-100 g/L pigment paste (Roda Casicolor Brown)

30-50 g/L aqueous wax emulsion (Roda wax MONO)

100 g/L acrylic binder (Roda-cryl 87)

100 g/L polyurethane binder (Roda-pure 302)

650-690 g/L water

Application by spraying (2 passes dispersion 11)

It is executed in the drum, 2-4 hours

700 g/L aqueous polyurethane dispersion (Roda pur 5011)
20 g/L aqueous wax emulsion for handle (Roda feel KTA 950)
280 g/L water

Application by spraying (2 passes final dressing)

In hydraulic press with the mirror plate, parameters:

- temperature — 70-80°C; pressure — 50-100 atm.
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Table 3. Framework technology for dry finishing of bovine leathers into natural grain

box with cracked effect

Operation Dispersion composition/application method
Application of 150 g/L cationic oil (Eukesol OLGrund AB-1)
dispersion | 850 g/L water

(basecoat) Very good drying

Application of 50 g/L metal complex dye (Eukesolar)

dispersion 11 200-250 g/L protein binder (LURON Glanz E)

Intermediate
pressing
Staking
Application of
dispersion Il
Intermediate
pressing
Drumming
Application of
final dressing |
(fixing)

Final pressing

Application of
final dressing Il

350-400 g/L protein binder (LURON Top)

300-400 g/L water

Application by spraying (2 passes dispersion 1)

In hydraulic press with the mirror plate, parameters:

- temperature — 90°C; pressure — 100 atm

It is executed on the Mollisa staking machine (2 passes)
Application by spraying (2 passes dispersion II)

In hydraulic press with the mirror plate, parameters:
temperature — 90°C; pressure — 100 atm

It is executed in the drum, 2-4 hours

700 g/L aqueous polyurethane dispersion (Roda pur 5011)
300 g/L water

Application by spraying (2 passes final dressing)

In hydraulic press with the mirror plate, parameters:
temperature — 80°C; pressure — 100 atm

700 g/L aqueous polyurethane dispersion (Roda pur 5011)
20 g/L aqueous silicone oil emulsion (Roda feel KTA 950)

(fixing) 280 g/L water

Application by spraying (2 passes final dressing)

Application of the final dressing was performed in two variants: P — polyurethane
(Roda pur 5011) and N — nitrocellulose (Roda lac 93). Finished leathers for bookbinding
using the technologies (application by spraying) for dry finishing presented in Tables 1-3,
and nitrocellulose final dressing, with contrasting effect, were marked P1(N), with antique
effect, marked P2(N) and with cracked effect, marked P3(N).

Finished natural leathers for bookbinding can be made by applying dispersed
systems on the surface of crust leathers, and with the help of modern ecological
finishing machines with rollers, which have certain designs, thus obtaining special
effects.

Testing Artificially Aged Finished Leather

Finished leathers were artificially aged and tested according to ISO 17228/2006
standard. Mechanical characteristics of finished natural grain box assortments in the same
variants but artificially aged were determined. The following abbreviations were used:

- IT1 — leather aged at 50°C for 7 days;

- IT2 — leather aged at 70°C for 7 days;

- IL — leather aged with artificial light (Xenotest) for 7 days.
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RESULTS AND DISCUSSION

Optical Microscopy Analysis of Obtained Leather Assortments

Optical microscopy images were recorded for bovine hides into natural grain box
with contrasting effect, marked P1(P), antique effect, marked P2(P) and cracked effect,
marked P3(P) and polyurethane final dressing are presented in figure 1.

PL(P) o) e

Figure 1. Optical images recorded for the finished natural grain box bovine leather with
contrasting, antique and cracked effect

Assortments of bovine (calves) finished using in the final dressing, aqueous
polyurethane dispersion, have a matte appearance, and those finished with aqueous
nitrocellulose emulsion, in the final dressing, have a glossy appearance.

Characterization of Finishing Leathers by Colorimetric Method

Finished leathers were artificially aged and tested according to the CIE LAB system.
Chromatic characteristics of natural grain box leather samples P1(P)-P3(P) and P1(N)-
P3(N) non-aged and aged using the methods IT1, IT2 and IL, are given in Table 4.

Table 4. Values of colorimetric parameters for finished natural grain box leather samples

Sample CIEL* CIEa* CIEb* CIEC* CIEH*
P1(P) 45.38 25.54 26.72 35.69 49.49
P2(P) 45.67 25.61 26.98 35.95 49.73
P3(P) 45.42 24.83 25.73 25.73 49.19
P1(N) 44.89 24.35 26.47 34.78 50.75
P2(N) 45.20 24.48 26.60 34.88 50.74
P3(N) 45.92 24.46 26.36 34.68 50.45

Variation of colorimetric parameters for finished natural leather samples P1(P)-
P3(P) and P1(N)-P3(N), aged using IT1, IT2 and IL methods is shown in Table 5.

Table 5. Variation of colorimetric parameters for finished aged natural grain box leather
samples using IT1, IT2, and IL methods

Sample MI AL* Aa* Ab* AE*
P1(P) IT1 -0.30 -0.02 -0.08 0.33
IT2 -0.32 -0.36 -0.48 0.65

IL -0.38 -0.86 -0.88 1.29

P2(P) IT1 -0.28 -0.15 -0.09 0.28
IT2 -0.29 -0.04 -0.42 0.55

IL -0.30 -0.32 -0.07 0.86

P3(P) IT1 -0.24 -0.44 -0.08 0.26
IT2 -0.20 -0.06 -0.20 0.42
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Sample MI AL* Aa* Ab* AE*
IL -0.19 -0.09 -0.08 0.24

P1(N) IT1 0.66 0.56 0.79 1.02
IT2 0.78 0.39 0.87 1.28

IL 0.27 0.28 0.36 0.62

P2(N) IT1 0.54 0.45 0.72 1.32
IT2 0.68 0.29 0.88 1.12

IL 0.22 0.21 0.30 0.74

P3(N) IT1 0.86 0.63 0.65 1.25
IT2 0.72 0.48 0.74 1.18

IL 0.46 0.35 0.36 0.59

After irradiation and thermal treatment, samples P1(N)-P3(N) have positive values
for brightness (AL*>0), i.e. they have lighter (brighter) colours than samples P1(P)-
P3(P), that has a negative value for brightness (AL*<0), indicating the positive
influence of polyurethane dressing on fastness to light of leathers compared to the
nitrocellulose dressing, on the colour.

CONCLUSIONS

= The leathers with special effect finish (contrasting antique and cracked effect), can
be used for artistic and luxury bookbinding, archival bookbinding and restoration
purposes.

* Thermal and artificial light ageing change colorimetric characteristics (CIE
L*a*b*) compared to those of unaged samples, depending on the ageing method,
leather assortment and type of final dressing. The highest values for fastness to light
after artificial light ageing were those of leathers finished with polyurethane dressing
and the lowest, those finished with nitrocellulose dressing.
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The paper is focused on obtaining a new nanostructured composite by innovative technologies based
on: fibrillar cellulose/titanium dioxide/surfactants (bolaform- dodecandioyl-diglycine and surfactant
classic-collagen hydrolysate)/ethanol/water, for improved surface properties. Innovation consists in
technologies for obtaining new nanostructured composites, solubilisation/compatibilisation of their
component substances for the conditioning of supports processed with the film created by
evaporation of the emulsion nanocomposites. Fibrillar cellulose/titanium dioxide nanocomposites
have been stabilized with bolaform surfactants in a 1:1 ratio of ethanol/water solvents in order to
increase the uniformity of titanium dioxide shell nanocomposites. Nanostructured “cauliflower”-
like composites developed as a result of biopolymer-surfactant interactions for fibrillar
cellulose/titanium dioxide/bolaform couple in ethanol/water system are reported by SEM
microscopy. The analysis by FTIR-ATR spectroscopy of bolaform, fibrillar cellulose and dynamic
light scattering of 2 types of nanocomposites emulsions (with bolaform and classic surfactant
emulsions) were reported. The new nanocomposites could provide the hybrid film with increased
mechanical resistance to water and heat. Supports processing with the composite film improve
wet/dry friction resistance, water resistance and tensile strength. Environmentally-friendly supports
with smart multifunctional features are obtained for various applications.

Keywords: hybrid nanocomposites, fibrillar cellulose/titanium dioxide/surfactants, innovative
technologies, improved surface properties

INTRODUCTION

A new nanostructured composite was created by innovative technologies based on fibrillar
cellulose/titanium  dioxide/(bolaform-dodecandioyl-diglycine  and  classic-collagen
hydrolysate)/ethanol/water, for different applications (leather or plastics industry) (Kang, S.M.
et al., 2006). The trend is to develop new materials with multiple functions and added value,
with low environmental impact and without harmful emissions of pollutants that can affect
the climate balance (Jing, S. et al., 2007). This paper brings a solution to avoid environmental
pollution and meets the increasing demands for an advanced economy by capitalizing on the
cellulose-based by-products from the wood industry which are currently less exploited
resources (Trandafir, V. et al., 2008). The high potential of using cellulose as a material for
various applications: in membrane technologies for pollutant absorption, in pharmacy, etc.
opens the way to obtaining new added value materials (hybrid nanocomposites) (Simion, D.
et al., 2009). The interaction of classic surfactants (amphiphilic molecules with a single
hydrocarbon chain and a hydrophilic head group) with biopolymers in aqueous medium
results in the formation of different association structures (Niculescu, M.D. et al., 2013). There
are various morphologies of biopolymer-surfactant association complexes depending on the
molecular structure of the biopolymer and surfactant, on the nature of interaction forces
between solvents and surfactant or biopolymer (Xu, Q. et al., 2013). Bolaamphiphiles have
the ability to self-organize at water/air or water/solvent interfaces. In solution they can self-
assemble in structures such as core-shell, fibers, ribbons, tubules, planar monolayers and
multilayers, depending on various factors (Ma, J. et al., 2013). Compared with classic tensides,
the introduction of a second hydrophilic group to the bolaamphiphiles increases their water
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solubility and the critical micellar concentration, and decreases the aggregation number (Ma,
J. et al., 2007). pH is a basic parameter which influences the association structures (Gaidau,
C.etal, 2007). As an example, it is mentioned the pH-sensitive structural transformation for
a peptidic bolaform. The bolaforms might be used as template in the synthesis of
nanocomposites, developing nanotubes, fabrication of nanostructures assemblies with many
applications. A special class of nanoarchitectures is represented by multi sheets nanostructures
organized as flower-like assemblies (Ma, J. et al., 2008). Such nanoarchitectures were
reported, where nanosheets stack layer-by-layer onto multisheets architectures like flower
petals. That hierarchical architectures had properties that made them appropriate for
preparation of superhydrophobic surfaces.

EXPERIMENTAL
Materials and Methods

Materials

For obtaining of new nanostructured compsites the following materials have been
used: titanium dioxide from Sigma-Aldrich (nanoparticles, molecular weight
79.87 g/mol, particle size: 200 nm); tenside based on hydrolysates of collagen HCN6CV.
Collagen extract - HCN6CV used as a tenside due to its specific properties was obtained
by alkaline-enzymatic hydrolysis of leather waste, quality filtration and vacuum
concentration in a 3:1 ratio; dodecandioyl-diglycine from Sigma-Aldrich; fibrillar
cellulose from SERVA Feinbiochemica GmbH & Co. Crust leathers processed in Leather
Research Department were used for finishing trials with new nanocomposites.

Nanocomposites Preparation

A number of 10 samples of fibrillar cellulose/surfactant (classic or bolaamphiphile)/
titanium dioxide/ethanol/water were prepared in the following working conditions: water-
ethanol solvents at ratio 1:1, temperature=60°C at 30 minutes with fibrillar cellulose-
c=1%; titanium dioxide-c=0.2%, fig.1.; samples 1, 2: fibrillar cellulose/classic
surfactant/titanium dioxide/ethanol/water with classical surfactant concentration 1-c=1%;
2-c= 2%; samples 3-10: fibrillar cellulose/bolamphiphile/titanium dioxide/ethanol/water
with the concentration of bolaform 3-c=1%; 4-c=2%; 5-c=3%; 6-c=4%; 7-c=5%; 8-
€=6%; 9-c=7%; 10-c=8%.

Figure 1. Photographic images of 10 samples of nanostructured composites

The “cauliflower”-like architectures were observed only for bolaform (samples 3, 7,
10) and not for the classic surfactant.
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Nanocomposite Characterisation

The characterisation techniques used in this paper consist in infrared spectral analyses
(FT/IR-ATR Jasco, spectrophotometer, model 4200), electronic scanning microscopy
(SEM QUANTA 2007, FEI) and dynamic light scattering tests (Zetasizer Nano-ZS,
MALVERN, UK) with measuring range between 0.3 nm-10.0 microns and zeta potential
determination with an accuracy of +/-2%.

Leather Surface Finishing with New Nanocomposite and Characterisation

The classical technologies were performed (Table 1) by spraying different composites
for waterproofing (Recipe C3), for base and for top coat layers, adding the new structured
“cauliflower” emulsion in base coat (Recipe C2) or in top coat (Recipes C1 and C1_1).
The difference between recipe C1 and C1_1 was the concentration of “cauliflower”
emulsion, from x% to 2x% in the top coat layer.

Table 1. Different compositions for leather surface covering with new “cauliflower”

emulsion
Materials Waterproofing Base coat Top coat
coat
New Compact  Pigment New Nitrocel- New
“cauliflower” acrylic paste “cauliflower” lulose “cauliflower”
composite binder composite lacquer composite
emulsion emulsion emulsion emulsion
Control - X X - X -
Recipe C1 - X X - X X
Recipe C1_1 - X X X XX
Recipe C2 - X X X X X
Recipe C3 X X X X X X

Sheepskin leathers covered with selected nano and micro structured “cauliflower”-like
emulsion composite were analysed for resistance to abrasion (SR EN 1SO 13520:2003) and
for rubbing resistance at dry and wet rub cycles (SR EN ICO 11640:2013) as compared to
the control sample covered with the same recipe but without the new composite.

RESULTS AND DISCUSSION

Structured nanocomposites are formed and the properties derive from the surfactants
used, as well as the conditions and working parameters. This phenomenon is controlled
by the concentration of biopolymer, bolaform (dodecandioyl-diglycine), titanium dioxide,
the hydrophilic nature of biopolymer, ethanol/water ratio, pH=4.5.

There are various morphologies of biopolymer-surfactant association complexes
depending on the molecular structure of the biopolymer and surfactant, on the nature of
interaction forces between solvents and surfactant or biopolymer.

FTIR-ATR analyses (Table 2) showed that in surfactant/cellulose microemulsion
systems not only physical associations are expected by means of hydrogen bonds, but
also esterification reactions are possible with a different chemical structure.
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Table 2. Characteristic vibration bands (cm™) in FT/IR-ATR spectra of surfactant and

biopolymer
Bolaamphiphile: Fibrillar Assignments
Dodecandioyl-diglycine; n, cellulose;
[cm?] n, [cm?]
3342 OH stretching
3303 NH stretching
2915 2894 CH2 symmetrical and asymmetrical
2847 stretching
C=0 stretching
1634 1642 amide | band, C=0 stretching
1547 amide 11 band, NH deformation
679 667 -(CH2)n-, n>3 deformation

The SEM micrograph of fibrillar cellulose is presented in Figure 2.

y e—
T el

20 um {455
Figure 2. SEM micrograph of fibrillar cellulose

The association complexes with “cauliflower”-like morphologies begin to appear at
high concentration of bolaform at a certain ethanol/water/titanium dioxide ratio, above
critical concentration and for pH= 4.5, as seen in Fig. 3. The nanosheet microstructures
built as “cauliflower”-like morphologies are the result of interaction of cellulose/titanium
dioxide with glycine-based bolaamphiphile. Although bolaform and cellulose are not
aromatic compounds (no ©-n stacking interactions), as in the case of aniline, they succeed
in creating “cauliflower”-like structures in a fibrillar cellulose/titanium
dioxide/(bolaform-dodecandioyl-diglycine)/ethanol/water system.

Figure 3. SEM micrographs of “cauliflower”-like morphology in fibrillar
cellulose/titanium dioxide/(bolaform-dodecandioyl-diglycine)/ethanol/water composites

Efforts in leather processing aim at beneficial effects on the environment with zero
waste and low energy consumption. “Cauliflower”-like association nanostructures
composites developed as the result of biopolymer-surfactant interactions for fibrillar
cellulose/titanium dioxide/bolaamphiphile couple in ethanol/water system are reported.
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The morphology of “cauliflower”-like association complexes is noticed only in the case
of dodecandioyl-diglycine bolaamphiphile as compared with classic single chain
surfactant-collagen hydrolysate. This phenomenon is controlled by the concentration of:
biopolymer (fibrillar cellulose), bolaform (dodecandioyl-diglycine), titanium dioxide, the
hydrophilic nature of biopolymer, ethanol/water ratio, pH.

Dynamic light scattering test showed that all three types of nanocomposites are nano
and microstructured. The fibrillar cellulose/bolaform/titanium dioxide/solvents
nanocomposites have sizes ranging between 40 nm, 220 nm and 5000 nm without stirring
and sizes of 80 nm and 400 nm after 10 minutes of mechanical stirring. The recorded zeta
potential was of -13.5 mV.

In view of testing the micro and nano “cauliflower” emulsion functionality, sample 3
from Fig. 1 was selected for quality improvement of leather surface finishing (Fig. 4) due
to the special architecture and zeta potential value which can generate resistance to
mechanical stress and stability in film forming polymers.

Figure 4. “Cauliflower” emulsion composite based on fibrillar cellulose/titanium
dioxide/bolaform- dodecandioyl-diglycine - sample 3 from Fig. 1

Leather Surface Properties Improvement by Using Nano and Micro Structured
“Cauliflower”-like Emulsion Composite

The leather surfaces covered with different recipes of finishing composites as
compared to the control samples (without structured “cauliflower”-like emulsion
composite) are presented in Fig. 5a). The aspect of leather surface covered with
“cauliflower”-like emulsion composite showed the ability to cover imperfections and
improve the final classification of leather quality as compared to control samples.

The main physical characteristics of new leather surface finishing showed resistance
to wet rub and to abrasion as compared to control sample. In Fig. 5b) the control sample
after the abrasion test shows cracks and the sample C1_1 surface is undamaged. In Table
3 it can be seen that the sample C1_1 has slightly better resistance to wet rubbing and
substantial improvement of abrasion resistance.

Cantrol C1 C11 02 (3

a)! b)

Figure 5. a) Leathers covered with different compositions of finishing layers with
“cauliflower” emulsion as compared to control sample (without emulsion); b) abrasion
tests
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Table 3. Physical tests of leather surface covered with finishing composites with new
“cauliflower” emulsion

Characteristics M C1l Cl1 C2 C3
Resistance to 50 wet 5/4-5 5/4-5 5/5 4-5/4 4/4-5
rubbing, cycles
Resistance to abrasion, 25600 25600 51200 25600 25600
no of revolutions

The main advantages of new finishing coat is the quality improvement of leather
classification and durability due to the better covering power, wet rubbing and abrasion
resistance provided by the new micro and nano structured “cauliflower” emulsion. The
research is in progress regarding the identification of new properties of leather surface
finished with the new smart structured emulsion.

CONCLUSIONS

The successful preparation of cellulose/titanium dioxide/surfactant composites with
“cauliflower”-like morphology for leather finishing was presented. The analyses results
showed that rubbing and abrasion resistance can be improved for more durable leather
goods manufacture in the spirit of European ecological label principles.
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Keratin biomaterials have many different advantages over other biomolecules. A number of
techniques have been studied to prepare keratin hydrolysates. Many of them use strong reagents
and the processes take place under very drastic conditions. The present study focuses on the
following aspects: producing keratin hydrolysates from various animal sources; application of
various methods for extraction; comparison of the type of treatment over the degree of hydrolysis.
Sheep wool samples were used, respectively native and alkaline pre-treated and samples of goat
hair, respectively native and enzyme pre-treated. The methods used for the hydrolysis of keratin
materials are: 1) by sulfotolysis with sodium pyrosulfate and urea; 2) with thioglycolic acid and 3)
with sodium hydroxide. The obtained hydrolysates were characterized by qualitative reactions,
spectrophotometric and FTIR analysis. It was found that the samples from one and the same
animal source show very different properties and different degrees of hydrolysis. The highest
degree of hydrolysis was achieved for the pre-treated samples. It was proved that the method of
hydrolysis with NaOH is the most appropriate for sheep wool and to a much greater extent for the
alkaline treated wool than for the native. The reducing agent: sodium pyrosulfate and urea is the
most appropriate for enzyme pre-treated samples of goat skin. Therefore, pre-treatment of animal
hair samples facilitates the hydrolysis process and makes it easier to break disulfide bonds. The
disadvantage of proteins, and in particular keratins, is the difference in the structure of
macromolecules, which are obtained from different animal sources. Therefore, this requires a
specific approach to the hydrolysis of keratin from each individual animal source.

Keywords: keratin, hydrolysates, analyzes

INTRODUCTION

Keratin is of considerable interest as a new product for use in the pharmaceutical,
medical, cosmetic and biotechnology industries. Keratin is a healthy, insoluble biomaterial
that can play a fundamental structural role in many biological systems (Rouse and Van
Dyke, 2010). The amino acid composition changes depending on the type of keratin. The
presence of a significant amount of cystine in keratin explains the presence of another type
of cross-covalent bond between the main polypeptide chains, namely the disulfide bond -
S-S-, due to which keratin is very resistant to various physicochemical effects. Upon
hydrolysis or reduction of the disulfide bond, free sulfhydryl groups -SH are formed. They
can participate in exchange reactions with the disulfide bonds. As a result, the position of
the disulfide bond in the keratin macromolecule may be altered, i.e. from transverse
interchain to intrachain and vice versa (Pesheva, 1982):

ac

This leads to the destruction of keratin, and the degree of destruction depends on the
type of pre-treatment and the conditions under which it is carried out.

Disulfide bonds are relatively resistant to acids. The bases act on all bonds in
keratin. At high temperatures and high hydroxide concentrations, the peptide bonds in
the major molecular chains are attacked. The disulfide bond in keratin is the most
vulnerable place in its treatment with alkalis.
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The action of reducing agents on keratin leads to significant changes in some of its
physicochemical and mechanical properties, which is used to ennoble the hair cover (Pesheva
and Papazyan, 1990). The reduction of keratin is associated primarily with the destruction of
disulfide bonds and the addition of new groups at the sites of released valences. The type of the
newly formed group depends on the type of reducing agent and the process conditions.

The unhairing processes in leather production is carried out using sodium sulfide,
which reduces the disulfide bond and results in a destruction of the hair due to the
destruction of the cross-bridges between polypeptide chains of keratin as follows:

R—S—S—R; + 2Na;S — R—SNa + R;—SNa + Na,S;

Thioglycolic acid and its salts have a strong reducing effect on the disulfide bond:
R—S—S—R + 2HS—CH;—COOH — 2R—SH + 2 S—CH,— COOH

This reaction proceeds very rapidly in an alkaline medium, for example in 0.5M
sodium thioglycolate at 30°C and pH=12, at which the sheep's wool dissolves
completely in 3 hours.

Research on the hydrolysis of keratins has been going on for many years. Some studies
rely on long-term acid hydrolysis with concentrated sulfuric acid, other methods are
carried out using reducing agents - thioglycolic acid, sodium cyanide, sodium sulfide,
others use hydroxides - NaOH, KOH, Ca(OH)2.There are also studies with the use of
enzymes to denature keratin. All these methods have been known for many years, but the
application of most of them is extremely difficult. During the hydrolysis, in addition to
breaking both types of bonds (disulfide and peptide), the resulting structure of keratin
hydrolysates is different from the structure of keratin protein (Mokrejs et al., 2011; Krejci
etal., 2011; Yin et al., 2013; Cardamone et al., 2009; Cardamone, 2010; Saravanan et al.,
2013; Hikima and Nonomura, 2008; Rivalcola and Martinez, 2011; Aluigi and Tonetti,
2011; Zoccola et al., 2009; Xing et al., 2011; Yang et al., 2007; Gupta et al., 2012).

The production and use of keratin hydrolysates of waste products from various
industries is a topical issue. Many researchers have investigations in this field.
Hydrolysis is performed under drastic conditions and aggressive reagents. The
optimization of hydrolysis methods is of great importance for environmental protection,
as well as for obtaining energy-saving technologies in this area.

The present study focuses on the following aspects:

- Producing keratin hydrolysates from various animal sources;

- Application of different methods for extraction;

- Comparison of the type of treatment over the degree of hydrolysis.

MATERIALS AND METHODS

In our research on the production of keratin hydrolysates, samples of goat skin coat and
sheep wool were used, respectively in native form and pre-treated. Enzyme pre-treated hair
cover was obtained after enzyme unhairing of goat skins. The wool, which is lime-sulphide
treated, is obtained after the process of unhairing of sheepskins under certain conditions.

Methods for Hydrolysis of Keratin-Containing Samples

Hydrolysis with Sodium Pyrosulphate (Metabisulphate)

Keratin is extracted from wool by sulfitolysis with sodium metabisulfate (Aluigi and
Tonetti, 2011). Approximately 5 g of the cleaned and conditioned fibers are treated with
100 mL of a solution containing urea (8M), sodium pyrosulphate (Na»S»0s) (0.5M). The
treatment was continued until pH 6.5 with NaOH (5N) by stirring during 2 h at 65°C.
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Hydrolysis with Thioglycolic Acid

The samples were hydrolysed in an aqueous solution of 0.5M thioglycolic acid
under heating at 30°C for 6 hours in a water bath (Gupta et al., 2012).
Hydrolysis with Sodium Hydroxide

Cleaned and washed bird feathers are cut (Saravanan et al., 2013). They were then
dissolved in 5% NaOH solution for 4 hours at 40°C. The resulting solution was dialyzed
and precipitated with concentrated HCI at pH 4.2.

Methods for Analysis of Protein Substances

Biuret Method

Qualitative and quantitative determination of protein can be performed by the biuret
method (Jotova and Dobrev, 2000).
Spectrophotometric Method

The solutions are poured in a cuvette with a width of 10 mm at the wavelength A =
540 nm. The apparatus used is a type JENWAY 6300 Spectrophotometer.
Methods for Determination of Sulfur-Containing Amino Acids

They are typical for proteins containing cystine and cysteine (Jotova and Dobrev, 2000).

Nitroprusside Reaction

0.5 mL protein solution is mixed with 0.5 mL of 10% NaOH solution and heated
during 3 mins. After cooling, is added 2-3 drops of sodium nitroprusside. A reddish-
brown color appears.

Fol's Reaction

A solution of NaOH was gradually added to 1 mL of lead acetate solution until the
precipitate of lead hydroxide formed dissolved. Then add 0,5-1,0 mL of the tested
protein solution and heat until a black color appears.

Methods for Using Infrared Spectroscopy (FTIR)

Infrared spectroscopy is a method of molecular absorption spectroscopy (Andreev,
2010). The analysis was performed using a Bruker Tensor 27 Spectrometer with a
scanning speed of 10 kHz. The spectrum was recorded using an MCT detector (64 scans
and 1 cm resolution).

EXPERIMENTAL

Wool and goat hair samples are washed, degreased and conditioned. Each sample of
the two types of hair cover is finely chopped and weighed to calculate the parameters of
the obtained hydrolysates. The following methods were used:

1) hydrolysis with thioglycolic acid and urea;
2) sulphitolysis with sodium pyrosulphate and urea;
3) hydrolysis with 5% NaOH.
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Hydrolysis of Keratin Products from Sheep Wool

Table 1. Results of the analysis of keratin hydrolysates from wool

Type of sample Method of Biuret reaction Nitroprusside Fol's reaction
/Wool/ hydrolysis reaction
1. Native wool thioglycolic Orange-yellow Does not give Black
acid and urea coloring coloring coloring
2. Lime-sulfide urea and Light violet Does not give Does not give
pre-treated wool sodium coloring coloring coloring
pyrosulfate A=0,167
3. Native wool 5% NaOH Light violet Slight brown Does not give
coloring and then coloring
A=0,154 disappears
4. Lime-sulfide 5% NaOH Violet coloring Red coloring Does not give
pre-treated wool A=0,568 coloring

In the spectra of keratin hydrolysates from the wool samples, the absorption bands
for Amide Il (related to the vibrational states of C-N and N-H) and Amide | (Figures 2,
3 and 4) were observed. Absorption band at 1000-1025 cm™ indicates the presence of
cysteine residues or sulfur-containing amino acids, and at 630-625 cm™ indicates the
presence of S-S bonds. Rupture of the disulfide bonds was observed in the lime-sulfide
pre-treated wool (Fig.2 and Fig.4), as well as in the hydrolysis of the native wool with
sodium hydroxide (Fig.3), in contrast to the hydrolysis of the native wool with
thioglycolic acid (Fig.1). It is known that under the action of bases, hydrolysis of the
disulfide bond initially occurs. FTIR observations correlate with the qualitative and
quantitative methods described above.

The hydrolyzing effect of the three methods was compared, as well as the influence
of the preliminary chemical treatment of the wool. Sodium hydroxide has the strongest
hydrolyzing effect on both native and lime-sulfide pre-treated wool. Pre-treatment of
the wool during unhairing process with calcium hydroxide and sodium sulfide
significantly facilitates hydrolysis. This is due to the preliminary breaking of part of the
disulfide bridges during alkaline treatment. This is confirmed by the literature. The
presence of keratin protein was confirmed quantitatively and qualitatively by biuret
reaction and photometrically. The infrared spectra also confirmed the extent to which
disulfide and peptide bonds are depleted depending on the intensity of the adsorption
bands at the respective wavelengths.
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Figure 1. FTIR of native wool Figure 2. FTIR ofw

lime sulfide treated
(thioglycolic acid and urea)

wool (Na pyrosulfate and urea)
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Figure 3. FTIR of native wool (NaOH) Figure 4. FTIR of lime sulfide treated
wool (NaOH)

Hydrolysis of Keratin Products from the Hair Cover of Goat Skins

Table 2. Results of the analysis of keratin hydrolysates from the hair of goat skins

Type of sample Method of Biuret reaction ~ Nitroprusside  Fol's reaction

/goat hair / hydrolysis reaction

1. Native thioglycolic acid  Pale pink color Yellow Black
and urea A=0,045 coloring coloring

2. Enzyme treated  urea and sodium  Violet coloring  Red coloring  Does not give
pyrosulfate A=0,434 coloring

3. Native 5% NaOH Light purple Yellow Black

A= 0,093 coloring coloring

Regarding the keratin hydrolysate obtained from the enzyme pre-treated goat hair,
the Fol’s reaction and the Nitroprusside reaction showed that there is a rupture of the
disulfide bonds and the presence of free -SH groups, while the results in the samples
from the native hair coat showed the exact opposite, there are still disulfide bonds. This
method has once again proved that pre-enzymatic treatment has played a significant role
in the breaking of disulfide bridges.

The spectral analyzes show the rupture of the disulfide bonds in the sample from
enzyme pre-treated goat hair (Fig.5) in contrast to the hydrolysates from native hair
with thioglycolic acid (Fig.6).
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Figure 5. FTIR of enzyme pre-treated Figure 6. FTIR of native goat hair
goat hair (Na pyrosulfate and urea) (thioglycolic acid and urea)
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CONCLUSIONS

It was found that the samples from one and the same animal source show very
different properties and different degrees of hydrolysis. The highest degree of
hydrolysis was achieved for the pre-treated samples. It was proved that the method of
hydrolysis with NaOH is the most appropriate for sheep wool and to a much greater
extent for the alkaline treated wool than for the native. The reducing agent: sodium
pyrosulfate and urea is the most appropriate for enzyme pre-treated samples of goat
hair. Therefore, pre-treatment of animal hair samples facilitates the hydrolysis process
and makes it easier to break disulfide bonds. The data from the FTIR analysis
completely correlate with the quantitative and qualitative analyzes and show the degree
of rupture of the disulfide bonds depending on the intensity of the adsorption bands.

It was observed that the hydrolysis processes proceed more easily in sheep wool samples
than in goat hair samples. Lime sulfide treatment is a more suitable option for weakening
peptide and disulfide bonds, which is a widespread method in the leather industry for
unhairing. Therefore, waste from tanneries is a suitable material for the hydrolysis of keratin.
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The manufacture of upholstery and automotive articles is linked to the release of Volatile Organic
Compounds (hereinafter VOCs) during their manufacture, which have short and long-term effects
on the health of users and the environment. In the leather sector, around 40 kg of VOCs are
generated per 1000 kg of raw skin. This research work has focused on the synthesis of new and
more sustainable urethane-based polymers that, in turn, allow the quality requirements of the
finish to be met, which vary depending on the leather article manufactured. The main objective of
the study is to minimize the content of VOCs in the different aliphatic polyurethanes synthesized
in a pilot-scale reactor, making small modifications to the synthesis formulations. The synthesis
route developed is based on the preparation of polymers of ionomeric polyurethanes and their
subsequent dispersion in water. In the synthesis processes developed, the content of coalescing
solvents and neutralizing agents, which directly contribute to the concentration of VOCs of the
urethane polymers, is eliminated and / or minimized as much as possible. The new urethane-based
polymers obtained have been analyzed according to the parameters of pH, viscosity, density and
percentage of solids in the resin. Likewise, organoleptic tests (color, transparency, hardness, touch
and tacking) and physical tests (tensile strength, water absorption, hardness and color change at
100°C for 24 hours) have been carried out on the film corresponding to each synthesized
polyurethane resin. These products will be introduced in finishing formulations designed to obtain
high-performance upholstery and automotive leather with minimal impact in terms of VOC
content at the pilot level. Tests of fastness and physical resistance have been carried out to
evaluate the performance of these leathers.

Keywords: VOCs, resin, film, finishing.

INTRODUCTION

This work details the synthesis procedures for new more sustainable polyurethane
polymers, and more specifically, aliphatic polyurethanes of the polyester, polyether,
polycarbonate and polyether-polyester blends.

Polyurethanes are polymers or macromolecules formed from the catalyzed reaction
between a polyisocyanate and a polyol. The simple reaction between an alcohol and an
isocyanate produces the urethane (or carbamate).
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Figure 1. Urethane formation reaction

Conventional polyurethanes are not compatible with water, for this reason some
modifications are ne