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Currently, pollution due to textile materials is a crisis that threatens the whole world. Due to concern for the envi-

ronment, our society has faced challenges when it comes to finding eco-friendly substitutes for textile fibers and leather 

materials. This can be achieved using renewable or recycled polymers or materials that are either readily biodegradable or 

easily recycled at the end of a product's life. Thus, the material is made from biodegradable natural resources, which is 

widely available, is economical and environmentally friendly. The article shows studies on the development of bio-based 

skin from fruit waste, the difference in the appearance of visual characteristics from banana peel, kiwi and apple residue, 

and depending on the basis for the cotton gauze material. Also, the article consists of the result of testing this material on a 

device for measuring tensile strength. The value of the study and the practical significance of this work lies in the possibil-

ity of further use of biologically based leather as a substitute for natural or artificial leather. 

 
Keywords: sustainable fashion and textile, bio-based leather, material from wastes, ecofriendly 

material, sustainability. 
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Қазіргі уақытта тоқыма материалдарының әсерінен қоршаған ортаның ластануы бүкіл әлемге қауіп 

төндіретін дағдарыс болып табылады. Қоршаған ортаға қамқорлық салдарынан біздің қоғам тоқыма тал-

шықтары мен былғары материалдарының экологиялық таза алмастырғыштарын табуда қиындықтарға 

тап болдғаны ешкімге жат емес ақпарат болып табылады. Бұған жаңартылатын немесе қайта өңделген 

полимерлер немесе биологиялық тұрғыдан оңай ыдырайтын немесе өнімнің қызмет ету мерзімінің соңында 

оңай қайта өңделетін материалдарды пайдалану арқылы қол жеткізуге болады. Осылайша, бұл материал 

кеңінен қол жетімді биологиялық ыдырайтын табиғи ресурстардан жасалғандықтан, бір жағынан 

үнемділігі және екінші жағынан экологиялық тазалығы екі жаққа да ұтыс алып келеді. Мақалада жеміс 

қалдықтарынан биологиялық негізделген былғары материалының дамуы, банан қабығынан, кивиден және 

алма қалдықтарынан көрнекі сипаттамалардың пайда болуының айырмашылығы және мақта дәке мате-

риалының негізіне байланысты зерттеулер көрсетілген. Сондай-ақ, мақала осы материалды созылу күшін 

өлшеуге арналған құрылғыда сынау нәтижесінен тұрады. Зерттеудің құндылығының себебі мен бұл жұмы-

стың практикалық маңыздылығы биологиялық негіздегі былғарыны табиғи немесе жасанды былғары алма-

стырғыш ретінде болашақта одан әрі пайдалану мүмкіндігінде. 

 
Негізгі сөздер: тұрақты сән және текстиль, био негізіндегі былғары, қалдықтардан 

алынған материал, экологиялық таза материал, тұрақтылық. 
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В настоящее время загрязнение из-за текстильных материалов - это кризис, угрожающий всему 

миру. Из-за заботы об окружающей среде наше общество столкнулось с наличием проблем, когда необхо-

димо найти экологичные заменители текстильным волокнам и кожаным материалам. Это может быть 

достигнуто с использованием возобновляемых или переработанных полимеров или материалов, которые 

либо легко поддаются биологическому разложению, либо легко перерабатываются в конце срока службы 

продукта. Таким образом, материал, изготовленный из биоразлагаемых природных ресурсов, который ши-

роко доступен, экономичен и безопасен для окружающей среды. В статье показаны исследования разра-

ботки кожи на биологической основе из фруктовых отходов, разницы проявления визуальных характери-

стик из кожуры банана, кожуры киви и остатков яблок и в зависимости от основы для материала из 

хлопчатобумажной марлевой ткани. Также приведены результаты проверки данного материала на при-

боре для измерения прочности на разрыв. Ценность проведенного исследования и практическое значение 

данной работы заключается в возможности дальнейшого использования кожи на биологической основе в 

качестве заменителя натуральной или искусственной кожи. 

 
Ключевые слова: устойчивая мода, текстиль, кожа на биологической основе, материал из 

отходов, экологичный материал, устойчивость. 

 

Introduction 

When it comes to slow fashion, we don't 

even know that this industry is so subject to 

change. Experts put an equal sign between slow 

and "green" fashion, believing that these two con-

cepts define the ideal fashion that does not harm 

the environment. Now experts identify the follow-

ing areas of slow fashion in the 21st century: envi-

ronmentally friendly, conscious and ethical. The 

concept of eco-fashion is still being finalized, but 

the most important thing behind it is that “green” 

fashion is about caring for the environment, peo-

ple's health and ethical treatment of animals. 

By 2030, it will be producing roughly two 

big discoveries than the Paris Climate Agreement 

requires. From seaward to extreme rainfall and 

greater heatwaves, the effects of climate change 

are no longer ignored by society and the fashion 

industry, which will feel the consequences for its 

activities. [1] 

Many fashion brands are shifting to natural 

sustainable fibers such as organic cotton, cotton, 

hemp and BCI (Better Cotton Initiative) certified 

linen. They aim to use materials derived from nat-

ural resources due to their biodegradability and 

recycled materials due to the closed cycle. 

Some fashion brands spend most of their 

income looking for innovative new materials de-

rived from waste, wood and other natural materi-

als. Some of the examples include fibers such as 

soy, bamboo, milk and polylactic acid (PLA), 

which are produced from renewable biological 

sources and are biodegradable after disposal. 

These fibers provide a solution to the recycling 

problems associated with synthetic fibers. 

Some sustainable fibers can be obtained 

from seaweed, lotus leaves, banana leaves, mush-

rooms, or even waste products such as orange 

peels and ground coffee bean waste. 

Global consumption of nonwovens is grow-

ing; this applies to household, technical and dis-

posable hygienic nonwovens. The rise of develop-

ing economies and the aging of populations will 

put additional pressure on resources, and there is a 

need to develop materials that have a much lower 

environmental impact and are sustainable. In addi-

tion, consumer awareness of the impact of house-

hold and industrial products on the environment is 

growing. Media attention, NGO campaigns, and 

product marketing have raised consumer expecta-

tions regarding the sourcing, production, and use 

of nonwovens. 

Along with these market pressures, tighter 

government regulations regarding environmental 

impact have also been introduced, which apply to 

a number of industries; manufacturers of textiles 

and nonwovens are not immune. Due to various 

pressures, vendors and manufacturers consider the 
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environmental impact of products along with per-

formance and cost requirements. 

In the past, the concept of product sustaina-

bility could be one-dimensional and only take into 

account limited aspects of the production, use, or 

disposal of a product. The practice of measuring 

impact through lifelong assessments means that 

manufacturers must consider the raw material and 

energy use of production, as well as the environ-

mental impact and benefits during product use, 

and consider likely end-of-life scenarios. Often 

the use of nonwovens brings significant environ-

mental benefits, which can justify the product's 

carbon footprint. Additional benefits can be 

achieved using renewable or recycled polymers or 

materials that are either readily biodegradable or 

easily recycled at the end of the product's life. For 

example, using recycled polypropylene (PP) geo-

textiles (nonwovens) can reduce the carbon foot-

print of a construction project, which outweighs 

the carbon footprint of manufacturing and trans-

porting nonwovens. 

The Scandinavians have long been con-

cerned about environmental pollution caused by 

the global fashion industry. The only influential 

event in the fashion industry, the Copenhagen 

Fashion Summit was first held in 2009. Even back 

then, the participants were talking about this prob-

lem and insisted that corporations and brands ap-

ply the principles of sustainable fashion develop-

ment in practice. Then the possibility of reducing 

hazardous emissions by 50 percent by 2050 was 

discussed. But today, the fashion industry contin-

ues to be one of the most environmentally hazard-

ous, along with, for example, the oil industry. 

However, despite its relevance, sustainable fash-

ion is just beginning to emerge in Kazakhstan and 

the CIS countries. 

Material made from agricultural waste such 

as banana peel, fruit waste, etc. is completely safe 

and contains no harmful chemicals or toxins. Bio-

based textile can replace oil- and animal-based 

textiles and can be made from plant waste con-

taining starch [2,3,4]. 

The main objectives of the study. 

The main challenge is to develop an alter-

native source of textiles that is biodegradable, en-

vironmentally friendly and cost effective. 

The purpose of the dissertation. 

The purpose of this study is to produce bio-

textile material from agricultural waste such as 

banana peels as a replacement for conventional 

animal and oil-based textiles and to prove that the 

starch in banana peels can be used in the produc-

tion of biodegradable plastic. 

In accordance with the set goal, the follow-

ing tasks were solved in the work: 

- development of biotextiles based on bana-

na peel; 

- determination of the optimal parameters 

for the processing of waste of agricultural raw 

materials to impart mobile qualities; 

- study of changes in the morphology of the 

surface of textile materials; 

- study of the mechanism of interaction of 

components; 

- study of textile properties (strength, creas-

ing, breathability, etc.). 

Research objects. 

A textile material made from agricultural 

waste that can be used as a leather backing. 

The scientific novelty of the results of the 

research carried out by the author is as follows: 

Textiles made from agricultural waste such 

as banana peels, fruit waste, etc. are completely 

safe and contain no harmful chemicals or toxins. 

Biotextiles can replace petroleum and animal-

based textiles and can be made from plant waste 

containing starch [5,6]. 

When it comes to slow fashion, we don’t 

even suspect that this industry is so subject to 

change. Experts put an equal sign between slow 

and "green" fashion, believing that these two con-

cepts define the ideal fashion that does not harm 

the environment. Now experts identify the follow-

ing areas of slow fashion in the 21st century: envi-

ronmentally friendly, conscious and ethical. The 

concept of eco-fashion is still being finalized, but 

the most important thing behind it is: “green” 

fashion is about caring for the environment, peo-

ple's health and ethical treatment of animals. 

Practical significance. 

The developed biotextile material using non-

woven technology provides a reduction in the pro-

cess of environmental pollution, which continues at 

an enormous pace with increasing dynamics. 

Expected results of the study. 

Textile material from fruit waste will be 

made from banana peel, kiwi and apple waste 

showing differences in water absorption and de-

composition behavior. Thus, this study can con-

firm that the leaves show good characteristics of 

banana compared to apple and kiwi. But kiwi fruit 

is expected to show good visual clarity and apple 

is dense and easy to produce as it has more starch. 

There should be no gaps or holes in the resulting 

plastic sheet. 

The personal contribution of the author to 

obtaining the results presented in the dissertation 

is significant at the stages of planning, conducting 
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and discussing the experiment, while developing 

material on a biological basis. 

The aim of this study is to produce bio-

based textile material from agricultural waste such 

as banana peels as a replacement for conventional 

animal and oil-based textiles and to prove that the 

starch in banana peels can be used in the produc-

tion of a biodegradable material [7,8]. 

Materials and Research Methods 

The material of this work is an alternative 

textile material that can be used as a leather base. 

During the study, experiments were carried out to 

develop material from agricultural waste. Namely, 

from apple leftovers, from kiwi and banana peels. 

consists of two stages, the first stage is the devel-

opment of a bioplastic from a banana peel. The 

second stage is the preparation of a skin-like film 

from banana peel, kiwi and apple waste. 

Results and their discussion 

After the development of bioplastics from 

banana peels, the idea arose to create a material to 

replace the skin. The main goal is to make bio-

plastic an elastic film so that it is also environ-

mentally friendly and biodegradable. The follow-

ing describes the process of creating an alternative 

leather based on agricultural waste [9]. 

 

1 Development of banana peel material 

Grind the banana peel in a blender with the 

addition of water. It turns out a thick, dense mixture. 

To give a more antimicrobial property, this mixture 

is first boiled on high heat until the boiling stage. 

Next, leave on medium heat for 5 minutes and mix 

periodically. For ease of use in subsequent process-

es, the mixture should be allowed to cool for half an 

hour. If you look closely, you can see large parts of 

the banana peel in the mixture, since it was original-

ly crushed with a kitchen blender, and not a special 

food waste grinder. Therefore, passing through a 

sieve is an important process to make the material 

smooth and uniform. 

Now, when a uniform mixture is obtained, 

special ingredients such as glycerin and alginate 

are added. Here, sodium alginate is used to impart 

flexibility and elasticity. Once again you need to 

mix with a blender or with a mixer. It should be 

taken into account that the liquid mixture acquires 

the structure of the surface where it was poured. 

And you need to give preference to a flat surface, 

you can use parchment paper. 

The result is an elastic film, which you can 

see in the figure 1 and 2. On the reverse side, 

where it was attached to parchment paper, the film 

is very similar to leather. 

 

      
 

Figure 1,2 – Material from banana peel 
 

2 Development of kiwi peel material 

This experiment was also carried out on the 

kiwi peel. 5-6 kiwi peels were taken and the whole 

process, starting from grinding on a blender and end-

ing with distribution to the surface, is repeated. In 

the Figure 3, you can see a mixture of kiwi peel. The 

final material is visible in the Figure 4. 

 

      
 

Figure 3 – Mixture from kiwi peel; Figure 4 – Material from kiwi peel 
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3 Development of material from apple waste 

Making a review and research on materials 

from peel and residues in the Appleskin juice fac-

tory, a material was developed from apple waste. 

Unlike material from Mabel Appleskin, which is 

based in Italy, 100% apple waste is used in the 

study. Appleskin blends apple waste powder with 

polyurethane and other natural agricultural fibers. 

As a general rule, the bio-base content should not 

be less than 50% when mixed with water-based 

polyurethane. 

Here, the process is identical to that of de-

veloping banana peel material. Unlike bananas, 

apples have seeds inside and a tip, so they need to 

be removed [10]. 

 

       
 

Figure 5,6 – Material from apple waste 

 

The result is also an elastic and skin-like 

material. Due to the fact that the apple is lighter 

than the banana, it looks dirty from the back. 

4 Tensile strength of banana peel material 

on cotton gauze fabric 

In the article that was discussed at the ATU 

conference there was also a study on the textile 

material of a mixture of banana peels. Resulting 

homogeneous thick mixture of banana peel is 

evenly distributed over the surface where the cot-

ton gauze fabric was laid [11]. 

 

       
 

Figure 7,8 – Material from banana peel 

 

After 2 days of drying, the result is a bio-

based material that visually resembles leather. 

Textile fabric, in turn, made the material durable. 

In figures 7 and 8 shown final bio-based leather 

from banana peel on cotton gauze fabric. 

The tensile strength characteristics of a fab-

ric refer to the nature of the mechanical defor-

mation of the fabric when subjected to tensile 

forces in the warp and weft directions. Generally 

speaking, it is a phenomenon in which tissue is 

elongated and deformed, or even torn and dam-
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aged by an external force when stretched. When 

the fabric begins to stretch, the strain is basically 

the stretching of the fiber's macromolecular chains 

themselves, i.e., strain in bond length and bond 

angle. Stretched yarn becomes straight, basically 

in accordance with Hooke's law, while yarn that is 

not stretched becomes more crooked [12,13,14]. 

Figure 9 and 10 show the process of testing 

a banana peel material on a textile tensile testing 

machine. 

 

       
 

Figure 9 – Before testing; Figure 10 – After testing 

 

The test result as in figure 11 shows: 

 

 
 

Figure 11 – Tensile strength result 
 

The strength of the fabric is determined ac-

cording to GOST 3813-72 Textile fabrics and piece 

goods. Methods for Determination of Tensile Char-

acteristics. The strength of tissues is an important 

indicator characterizing its mechanical properties. 

The tensile strength of a fabric is understood as the 

magnitude of the greatest load that precedes the rup-

ture of a strip of fabric 5 cm wide [15]. 

Conclusions 

In recent years, concerns about sustainabil-

ity in any area of industrial production have led to 

an urgent need to expand the use of natural mate-

rials and replace non-renewable fossil raw materi-

als. Although leather is bio-based and renewable, 

these considerations have not led to a leather re-

naissance. 

Three kinds of material were prepared from 

fruit waste, which show differences in characteris-

tics and properties. Basically, the materials turned 

out to be flexible and homogeneous. Can be fur-

ther used in the fashion industry as bio-based 

leather. By a roughly identical process, leather-

like materials were developed from apple waste 

and from kiwi and banana peels. 
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Determination of tensile strength characteris-

tics was carried out at the break of the machine after 

checking the serviceability, reliability of fixing the 

load, limit switch, chain and belt drive guards. 
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