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This research work is aimed at considering the scientific and practical foundations of the use of cattle skins for shoe
insoles through environmentally friendly processing methods. Currently, one of the most pressing problems is the negative
impact of traditional chrome tanning technology on the environment and human health. The purpose of the research work is to
identify effective ways of processing cattle skin by environmentally safe methods and to study the possibilities of using the
resulting leather for shoe insoles. In the course of the study, the main directions of bioprocessing, that is, enzymatic processing,
tanning using microorganisms, plant-based Kneaders and chromium-free technologies were considered. The environmental,
technological and qualitative advantages of each method were compared with traditional methods and a comprehensive analysis
was carried out. The scientific novelty of the study is aimed at summarizing environmental methods of skin treatment and
demonstrating on a scientific basis the possibilities of their application in the production of insoles. In the methodological context
of the research work, methods of comparative analysis, ethical review, structural systematization were used. This study paves the
way for the introduction of new approaches to leather production aimed at protecting the environment. Using the presented
technologies in domestic production, it is possible to prepare high-quality, safe and durable shoe insoles. The results of the study
contribute to the areas of leather processing and light industry.
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byn 2oibimu-3epmmey sncymvicol ipi Kapa man mepicin IKOI0ZUATBIK Ma3a onoey 2dicmepi apkwvlivl aAK Kuim
JIMapazelHa apHan Koa0anyoblH bUIbIMU HCIHE NPAKMUKAILIK He2i30epin Kapacmuipyza dazeimmanzan. Kasipei yakeimma
mepini 0acmypni XpomMmeH uiey mexHonA0ZUACHIHbIY KOPUWAAH 0pmaza, aoamHblH, OeHCayIbleblHa Kepi acep emyi o3exmi
Macenenin, Gipi. 3epmmey HcymbicbinbIY MaKcamol ipi Kapa mepicin IKONO2UANBIK Kayinci3 adicmepmen oHoeyoir; muimoi
MACiNOepin anvlKmay HeoHe AIbIH2AH ObLIZAPLIHGL AAK KUIM YAMApazelHa KOJI0AHYy MYMKiHOIKmepin 3epmmey. 3epmmey
oapuvicvinoa OGuoenOeylin Hezizei Gazvimmapsl, AZHU Qepmenmamusmi oHOey, MUKPOOP2AHUZMOEPOI nalidananvin uney,
OCiMOIK Hezi3inOezi uneziuimep MeH XPOMCbl3 MEeXHOI0ZUANAD KAPACMBIPbLIObL. Op 20iCHiH IKONOZUATIBIK, MEXHOI0UATIBIK
JHCoHe CcananvlK apmMuIKUIbLIBIKMAPbL 0CMYPIli MIcii0epMen  CalbICMbIPLLIObL HCIHe KeuleHOI manoay Hcypzi3inoi.
3epmmeyoin 26116IMU HCAHAILIZLL MeEPi OHOeYOIH, IKOOZUANBIK IOICMEPIH HCUHAKMAN, 01apobly yamapax, oHOIpicindezi
KOonoany MyMKIiHOIKIEpIH 2blibIMU Hezi30e Kopcemiice 0ablmmanzaH. 3epmmey HCYMbICbl Memo00a02UANbIK MEPbloa
CANLICMBIPMATbL MAN0Ay, 20i0uemmix wiony, KEpoliblMOblK dcylieney a0icmepi naioanansliosl. byn zepmmey Kopuwazan
opmanbl  Kopzayza 0Oazelmmanzan  Ovlizapvl  OHOIPICIHIY JicaHa macinoepin  ewzizyze con auwiadvl. ¥cbiHbLIZAH
MexXHON02UANAPObl OMAHOBIK OHOIpiCe KOJ10aHY apKbLIbl CANAIbl, KAYINCciz Hcane y3aK Mep3imoi aax Kuim yamapakmapoii
oaiibiHOayza 601a0vl. 3epmmey Hamudicenepi mepi OHOEy HcaHe IHCEeHil OHEPKICIN cananapvina yaec Kocaobl.

Herizri ce3nep: enaey, ipi Kapa Tepici, 3K0JI0rHsVIBIK OBIIIFApPhI, YITApaK, ¢pepMeHT, TAHHUH, XPOMChI3
uiey.
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/Jlannaa nayuno-uccnedosamenvckan padoma HAnpasieHa HA paccMompenue HAyuHbLIX U NPAKMUYECKUX OCHO8
NPUMEHEHUA WIKYP KPYHHO20 P02amoz20 CKOma 071 OO0Y6HOU CMENbKu ¢ HOMOWbIO IKOIOZUYECKU HUCHIBIX MeEmo008
obpabomku. B nacmosawiee épema 00HUM U3 AKMYATLHLIX 60NPOCOE AGNACMCA HE2AMUGHOE 6UAHUE MPAOUUUOHHOU
mexnonozuu 0yonenus Kodcu XpomMom Ha OKpyHcaouwylo cpeoy, 300poesve uenosexa. Llenvio uccnedosamensckoii padomot
AGNAEMCA BblAGNEHUE IPPEKMUBHBIX CHOCOD06 00PABOMKY KOMHCU KPYRHO20 POAMOZ0 CKOMA IKON02UUECKU De30NACHLIMU
Memooamu u uzyuenue 603MOHCHOCHEN NPUMEHEHUA NOTIYUEHHOU KOJXCU Ha cmenbKax 00yeu. B xode uccnedosanus ovinu
paccmMompensvl OCHOBHblE HANPAGIEHUA OuUO0OpAdOmMKU, Mo ecmb hepmeHmamueHas oo0padomka, 3ameuwiusanue ¢
UCNOIB306AHUEM MUKDOOP2AHU3IMO8, OYOUTIbHbIE 8EU4ECHEA HA PACIUMENbHOI OCHOGE U HEXPOMUDPOBAHHbIE MEXHON0ZUN.
DKonozuueckue, mexnonozuyecKue U KauecmeeHHvle NPEUMYUECHIEA KAHCO020 MEeMO0a CPAGHUBANUCH C MPAOUUUOHHBIMU
nooxooamu u npoeoounca Komniaexkcuwlii awanu3. Hayunaa noeusna uccnedosanus nanpaeiena Ha 0000wenue
IKOTIOZUYECKUX MEMO008 00pAdOMKU KOHCU U OeMOHCIMPAUUIO HA HAYYHOI OCHOBE 803MOMCHOCHEN UX NPUMEHEHUA 8
Mexcpacoeom npouseoocmee. B uccnedosamensckoit pabome memooonozuuecku Ucnonb308ansl Memoobl CPAGHUMENTbHOZ0
aHanu3a, IMULECKO20 0030pa, CMPYKMYpHOIUL cucmemamuzayuu. Imo ucciedosanue npoKIadvieaem Hymov K 6HEOPEHUIO
HOBbIX NO0X0006 K NPOU36OOCHIGY KOMCU, HANPABTIEHHBLIX HA 3auiumy oxkpyycaiouieii cpedvl. Hcnonv3ya npedcmasnenHule
MexXHON02UU 8 OMeYeCEeHHOM NPOU3BO0CHIGEe, MOMHCHO U320MOBUMb KAYECHMEEeHHbIE, De30NACHble U 001206€UHble CHETbKU
ons 00yeu. Pezynomamaol uccneoo6anus 6HoCAM 6K1A0 6 001ACMU KOXHCEGEHHOU U 1€2KOT RPOMBIUTIEHHOCHU.

KiroueBble ciioBa: 00pafoTka, K0:Ka KPYIHOI'O POraToro cKOTa, IKOKO0XKa, CTeJbKa, epMEHT, TAHUH,
ayOJsienue 0e3 xpoma.

Introduction The purpose of the work is to scientifically

The use of cattle leather for shoe insoles through substantiate the possibility of producing high-quality,
environmentally friendly processing methods will focus safe and durable leather shoe insoles by processing cattle
on the negative impact of traditional chrome tanning leather with environmentally friendly processing
technology in leather production on the environment and methods.
human health. In the field of leather processing, the Literature Review
requirements for environmental safety have increased in Cattle hides are an important by-product in the
recent years, but there are few widespread research and meat industry, which can be made useful by processing
production solutions for the widespread introduction of and making leather. Leather is a high-strength, wear-
leather bio-processing technologies in the Republic of resistant, breathable valuable material [1]. It is necessary
Kazakhstan. Therefore, deep scientific research is to effectively use large volumes of cattle skins collected
becoming more and more important in accordance with after meat production, that is, to make it useful without
the requirements of the present time. The relevance of the turning it into waste [2]. But in traditional leather tanning
research work is directly related to the desire to introduce technology, chromium  compounds, etc.harmful
"green technologies" at the international level, the need chemicals are often used. When tanning with
to comply with environmental standards and the efficient chromium, toxic inclusions are released into the
use of Natural Resources. The theoretical significance of environment in large quantities. These substances pollute
the work is to combine interdisciplinary connections in the soil, water sources and harm the environment [3].
the fields of Biotechnology, ecology, chemistry, Therefore, at present, the emphasis is placed on
materials science and light industry and to propose environmentally friendly bio-methods of skin treatment.
scientifically based approaches. With the use of bio- Environmental bioprocessing methods use enzymes,
processing technologies in real production, it is possible microorganisms, natural reagents to reduce the harmful
to obtain high-quality and safe leather products. effects on the environment. The research direction is also

important in the production of leather insoles for shoes,
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since leather obtained using environmentally friendly
methods makes it possible to obtain products that are safe
for human health, comfortable for the feet and harmless
to natural resources.

Recently, a method of bio-processing alternative
to traditional chemical methods has been developing in
skin processing. Among them are technologies of
enzymatic processing, tanning with the use of
microorgnisms and chromium-free tanning. In the
enzymatic method, special biological enzymes are used
instead of chemical reagents at some stages of skin
treatment, especially in the hair removal process.
Usually, strong alkalis and toxic sodium sulfide are used
to remove hair, and in the enzymatic method, enzymes
such as protease break down the keratin protein in the
skin, softening the fur. As a result, the fur will detach
without difficulty, and the skin will be ready for tanning.
Since enzymes are biodegradable, it has been reported
that chemical oxygen demand (COD) decreases by about
50%, while biological oxygen demand (BOD) decreases
by up to 40%, reducing environmental pollution by toxic
substances [4]. At the same time, since sulfuric alkali is
not used in this method, no toxic gases (H2S) are released
and a safe environment is also created for workers. In this
treatment, the structure of the fibers is preserved intact,
that is, the surface layer of the skin remains intact and the
strength increases. In enzymatic bioprocessing, by-
products such as wool and oil are separated intact and
turned into useful products as glue, fertilizer or feed for
livestock [5]. Currently, companies such as Ultez,
Novozymes offer commercial types of enzymes for the
leather industry [6].

Tanning of the skin using microorganisms is one
of the directions of bio-treatment. In this processing, the
vital activity of living microorganisms is used in some
stages [7]. The widely used microorganism bacterium
Bacillus subtilis is known for its ability to produce the
enzyme Protease and is used in leather production for
skin hair removal [4]. Bacterial fermentation can also be
used in other stages of tanning. For pickeling, that is,
preparation for tanning, lactic acid can be used instead of
mineral acids at the acidification stage, and lactic acid is
obtained from sugar in a natural way with the help of
lactobacilli. Research is underway to normalize which
microorganisms biotransform some tannin and adhere
better to the skin fibers. Microbial tanning, although at
the stage of scientific research, is distinguished by the
transfer of the process to a fully updated biological
system, affecting the ecological development of leather
production.
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Replacing the tanning process with chromium
salts with alternative natural or harmless reagents is a
major environmental trend in the leather industry.
Chromium-free tanning includes ways in which
chromium (Cr3+) is not used to stabilize skin collagen.

If bio-processing methods are used in leather
processing, the resulting leather will be environmentally
safe, high-quality and suitable for shoe insoles. This
work contributes to the development of an
environmentally friendly production system, the use of
domestic scientific potential, which increases the
competitiveness of the National Leather Industry.

Chrome-free tanning technologies.

Replacing the tanning process with chromium
salts with alternative natural or harmless reagents is a
major environmental trend in the leather industry.
Chromium-free tanning includes ways in which
chromium (Cr3+) is not used to stabilize skin collagen.
Types of chromium-free tanning include tanning with
plant tannins, that is, a method of tanning with natural
extracts from tree bark, plant shrubs and fruits. Plant
tannins are obtained from the bark and leaves of plants
such as oak, birch, Mulberry, currant, etc. Producers
prepare this raw material from wood products grown in
a sustainable way or indirectly [8]. The peculiarity of this
method lies in the use of a completely renewable natural
material and the unique properties of the resulting leather
[9]. According to the results of the study, some plants
growing in Kazakhstan contain very high amounts of
natural tannins. In particular, it was found that the root of
the medicinal dandelion (Sanguisorba officinalis)
contains 21% tannin, and the leaf of the elderberry
(Bergenia crassiofolia) contains 20% tannin [10]. At the
moment, 10-20% of world production is tanned leather
by plants.

The most commonly used today in tanning leather
with aldehydes is glutaraldenyde. The leather semi-
finished product tanned by this method is chrome-free
and is often used for car interior, children's and medical
products. With this method, the tanned leather has a
whitish color and low heat resistance. It also creates
wastewater treatment problems due to the fact that
additional chemical treatments may be required to fix
collagen fibers in the tanning process [8]. But,
completely eliminates heavy metal residue and serves as
a good alternative in certain situations. The leather
tanning with this method becomes soft, stretchy, the
disadvantage is that over time, the leather tanning with
aldehyde turns yellow.

The chemical analogues of tannins are syntheetic
tannins, that is, synthanes. These include tannins based
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on phenolic synthanes, phosphate compounds,
aluminum, zirconium and titanium salts. Kazakh
scientists have studied complex kneaders with partial
replacement of chromium. They proposed a
heteropolyader complex of zirconium as an
environmentally harmless tannin [11]. In addition,
methods of tanning aluminum and vegetable tannins by
combining are also known. This can affect the properties
of the leather of some when using an alternative reagent.
For this reason, research is being done to find an effective
composition of alternative tannins.

In recent years, an innovative method of tanning
based on zeolite has appeared. Zeolite is the structural
name for natural aluminosilicate minerals that have the
ability to absorb or release water. This method does not
use heavy metals, nor does it require aldehydes, but is
implemented using an inorganic mesh structure with the
ability to stabilize collagen [8]. Because tsiolite tanned
leather is able to absorb and reproduce water well and
prevent rotting, it is an important property for comfort
inside shoes. This technology will also be effective from
the point of view of ecology, there will be no heavy metal
in the residual water, and the reagent used is a harmless
mineral. Zeolite tanning is currently considered a new
direction and an innovation that may become widespread
in the future.

Comparative advantages of traditional
ecological tanning methods

Bio-processing methods have a number of
important advantages when it comes to traditional
chrome tanning. The weight on the environment is
reduced, that is, the environmental friendliness of waste
water and solid waste from production is higher due to
the fact that harmful heavy metals and toxic reagents are
not used or very little is used. For example, in the
enzymatic method, organic wastewater pollution has
been reduced, safe for workers health, and hydrogen gas
released in the traditional chromium treatment
technology is eliminated [4].

and
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In environmental methods, bio-products with
renewable raw materials are used, and tibial resources are
used effectively. Plant tannins are obtained from
renewable plant sources. Therefore, dependence on
synthesized substances in the chemical industry is
reduced [8]. Processing with the help of enzymes and
microorganisms saves energy, since many bioprocesses
occur at normal temperature and pressure. Enzymes
work effectively at around 37°C, and in some stages of
traditional methods, heating or cooling is required to
carry out the reaction. One of the advantages of
ecological bioprocessing approaches is the ability to use
leather waste. Chrome-tanned leather residues are
dangerous to soil and water due to their heavy metal
content, so they must be buried in the ground or burned.
And by recycling the waste of chromium-free biobes, it
is possible to obtain products such as fertilizer, glue,
collagen hydrolyzate [5]. Wool, fat residues obtained by
the enzymatic method are suitable for conversion into
animal feed or industrial raw materials, since they do not
contain a harmful substance. This corresponds to the
principles of closed-cycle industrial ecology [12].
Bioethics have a positive effect on the quality of leather.
The traditional whitewashing-sulfidation process
damages the skin fibers in a certain amount, breaking
down some of the collagen. And enzymatic softening
and hair removal gently cleanses the skin structure, and
the glossy surface and elasticity of the resulting leather
are well preserved. The thermal stability of chrome
tanned leather is very high at 100°C, and the stability of
vegetable tanned leather is 80°C. Plant-tanned leather
has antiseptic properties, because tannins have the effect
of inhibiting the growth of bacteria, and the insoles of
leather shoes have a less unpleasant odor [13]. Table 1
presents some comparative indicators of traditional and
modern methods in leather processing.
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Table 1 - Comparative indicators of traditional and modern methods in leather processing

Comparison indicator

Traditional chrome tanning

Environmental bio-processing

Main reagents used

Chromium salts (Cr3*), sodium
sulfide, strong acids, formaldehyde,
etc.

Enzymes, plant tannins, organic
acids, natural polymers, etc.

Impact on the environment

There will be heavy metal and toxic
residues, contaminated tap water,
require special treatment.

There will be no or little toxic
substances, most of the waste can be
biodegradable, and cleaning will be

easy.

Safety of the working environment

Chemical vapors and gases (Cr,
H.S) are dangerous, workers need
special protection.

Bioreagents are relatively safe, there
will be less odor and toxic gas in
production, and the working
conditions will be safe.

Energy and water consumption

Fast process (tanning with Chrome
for 1 day), but significant loss in
water (requires more rinsing).

Some methods take longer, but the
possibility of reusing water is higher,
and enzyme processes require less
energy.

Leather quality

Very high heat has stability, softness
and durability; due to the presence of
chromium, which can be an allergen,
it is possible to smell in shoes over
time.

In terms of quality, some properties
are superfluous, natural tannins have
antibacterial and odor-repellent
properties. High air permeability,
does not contain harmful substances.

Waste use

Chrome leather residue is toxic,
wool and oil residues are absorbed
by the chemical, difficult to use.

Chromium-free waste can be
converted into products such as
fertilizer, animal feed, glue,

collagen. Wool can be dosed and
used in the textile industry.

The table provides a comparison of the general
leather tanning process. Depending on production
technologies, indicators may change. For example,
research is currently being done in Chromium tanning
methods to save water and reduce the residual chromium
content as well [8]. Bio-processing methods are effective
in terms of Ecology and Occupational Safety, and in
terms of product quality are not inferior to the traditional
method.

The quality of the insole material must be very
high, as the insole of the shoe is the part that is in direct
contact with the sole. Leather has been used for many
centuries to make insoles due to its property to provide a
comfortable microclimate inside shoes. Eco-friendly
leather insoles produced by pure method have such
important characteristics as ductility, durability, air
permeability, moisture absorption, resistance to abrasion,
antibacterial properties. Leather tanned with plant
tannins, although dense at first, becomes softer and more
comfortable on the feet as it is used. Since such leather
insoles are durable to wear for a long time, are able to
absorb and evaporate moisture to the outside, the foot
does not sweat, a soft dry environment is maintained and
the appearance of an unpleasant odor is reduced [13]. It
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has been scientifically proven that plant-based tannins
are polyphenolic compounds and inhibit the
development of microbial cells [14]. For example,
tannins from oak and spruce bark reduced the
reproduction of bacterial strains such as Escherichia coli
[15]. The use of natural chitosan biopolymer in leather
finishing is widespread because chitosan is a natural
substance capable of killing bacteria. It has been
established that harmful bacteria such as Escherichia
coli, Staphylococcus aureus, Pseudomonas aeruginosa
do not grow on chitosan-coated leather [16].

Results and discussion

Currently, a lot of scientific research and
industrial initiatives have been carried out in Kazakhstan
on the treatment of skin with environmentally friendly
methods. One of them, scientists from Taraz regional
university named after M.H. Dulaty, studied the
environmental problems of mineral tanning of leather
and proposed ways to solve the problem. In 2023, the
results of practical testing by members of the group
contribute to the development of environmentally
friendly leather production [3].

Researchers of the Al-Farabi Kazakh National
University found that plants growing in East Kazakhstan
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contain tannins necessary for tanning in large quantities
and offered opportunities for their use in leather
production [10]. This can serve as the basis for the
development of plant tanning methods in our country.

The leather industry of light industry in
Kazakhstan has passed a difficult period, when many
large tanneries have ceased to exist. But now there are
attempts to revive the leather industry. In 2021, the
Semey leather plant was launched in East Kazakhstan.
With the support of investors, the enterprise for the
processing of animal skins of the company "KazBeef"
produces semi-finished products and exports them to
foreign countries such as China, India, Italy [2]. This
project in Semey is an example of how to make the
agricultural sector of Kazakhstan financially and
environmentally efficient, using agricultural products.

In Kazakhstan, a startup called URPAQ to create
alternative ecological types of leather produces eco-
leather from coffee waste. This material obtained by
processing coffee powder is suitable for the production
of shoes and accessories, and its use does not harm both
animals and ecology and saves water resources [17]. This
product is a completely organic composition, that is, it
does not contain such a petrochemical derivative as
polyurethane.

In general, researchers confirm that Kazakhstan
has the potential to transfer the leather industry to a
sustainable development channel. Experts point out that
it is more effective to treat leather with responsible and
clean methods instead of completely disposing of it [5].
This is because animal husbandry produces thousands of
tons of skin every year, and if they are not processed, they
will rot, damage the environment and cause losses. The
transformation of the same raw material into leather will
make it possible to create shoes, leather products for the
population, as well as a solution to eliminate large
amounts of waste. Therefore, the introduction of
environmental biotechnologies in the development of
domestic leather production will be doubly useful.
Firstly, it is environmentally friendly, and secondly, it
offers high-quality competitive clean products. With
constant research and innovation in this direction,
support from the state and business, Kazakhstan has
every chance to form not only eco-leather insoles, but
also the brand "green leather" as a whole.

Conclusions

In general, summing up, the creation of shoe
insoles by environmentally friendly processing of cattle
skin is an important scientific and technological direction
in accordance with the requirements of our time. These
methods reduce the disadvantages of traditional leather
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production and allow you to obtain environmentally
friendly, high-quality leather products. Enzymatic and
microbiological processing, plant-based and other
chromium-free tanning technologies together form the
concept of "green leather". Insoles made of such leather
are distinguished by the properties of pliable, resistant,
breathable, odorless and bacteria-free. Kazakhstan's
science and industry are taking their first steps in this
direction and have the potential for further development.
The production of eco-friendly leather is not only a
concern for nature, but also an investment in human
health and a purely technological legacy that we will
leave to future generations.
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