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The use of biomass to produce bioenergy and biomaterials is considered a sustainable alternative to depleting fossil fuel resources.
The world tanneries consume 8-9 MT of skin and hide every year producing 1.4 MT of solid waste. Most of the solid biomass
generated from tanneries is disposed of as waste in the environment using either landfilling or thermal incineration. Disposal of
this waste into the environment affects the ecosystem, causing bad odor (air pollution) and has an antagonistic impact on the
environment. Due to this, European Union legislation bans the landfilling of biomass. This study aims to comprehensively review
the possible valorization routes of leather processing industry biomass into high-value biomaterials. Leather biomass (trimmings,
shaving, splitting, and buffing dust) mainly contain 30%-35% collagen protein, which is produced by acid or alkali hydrolysis. The
biopolymers obtained from leather industry biomass can be utilized in the production of several high-value materials. In addition,
leather processing industry biomass also contains fat, which can be converted into a bio-surfactant, and other useful biomaterials.
Keratin protein can also be extracted from the hair waste of hides and skins. The increased demand for biomaterials makes the
using of leather industry biomass very attractive. From this study, it can be concluded that the conversions of leather processing
industry waste to valuable biomaterial can protect the environment, generate additional income for leather industries, and pave
way for sustainable and renewable biomaterials production.

1. Introduction

Biomass is the renewable resource that constitutes the
foundation for bioeconomy development. Biomass features
as sustainable supply, extensive availability, easy accessi-
bility, and production potential which make this renewable
biomass a unique material source for the production of bio-
energy, bio-fuels, and bioproducts. The society is currently
facing a series of environmental and social challenges such as
the growth of world population, climate change, and deg-
radation of ecosystems that require the definition of new
production and consumption pathways that are sustainable
from the economic, social, and environmental point of view
[1].

Presently, attention has been given to the conversion of
biomass to bioenergy and biomaterial due to the significant
benefits they offer in many aspects. As a result, there is a need
for the total transformation of the entire economy from
fossil-based to bio-based production and consumption. The

conversion of biomass to biomaterial and bio-energy is
accomplished by the biorefinery approach [2]. The strategy
of biorefining has been recognized as the main element to
boost the emerging bioeconomy by offering a wide range of
products from a wide range of biomass sources to satisfy the
diverse demands of the community. “In addition, bio-
refineries are key elements to support the development of a
circular bioeconomy by connecting the stream and loops
and allowing for the valorization of multiple side-products”
(1, 3].

Leather industries are among the industries that generate
plenty of proteinase biomass. The solid biomass such as hair,
trimmings, flashing, splitting, and shaving are the potential
starting materials for the production of high-value bioma-
terial. Presently, solid biofuel is in use in Europe; however, it
does not achieve the quality of black coal [4].

The need for meat in the world is increasing as the
population growth increases and remains growing and high
in the economic development. Hence, livestock and meat are
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essential parts of global economic development. The in-
creased need for meat generates huge amounts of skin and
hides, which are raw materials for tanneries. During the
processing of this skin and hide, a huge amount of waste is
generated, which has an antagonistic impact on the envi-
ronment [5].

The residues generated during leather processing are
fleshing, chrome shaving, trimmings, hair, and pieces of
cuttings [6]. 1000 kg of raw hide generates 800-850 kg (80%-
85%) of solid wastes in leather processing, of which 56-60%
is flashing waste; 35-40% is chrome shaving, split, and
buffing waste; 5.7% is trimmings; and 2.5% is hair [7, 8].
Animal hide and skin consist of different layers like the
dermis, epidermis, and subcutis. Subcutis is the lower layer
or under the skin of the hide or skin mostly scraped as a
biomass in leather processing, which is rich in collagen
protein [9].

The leather biomass, particularly trimming, fleshing, and
shaving are sources of protein (Collagen/gelatin). The
leather biomass disposed of contains 30-35% collagen, it
also contains keratin and fat [10]. The valorization of these
waste results in the production of sustainable, biodegrad-
able, and eco-friendly high-value bioproducts and replace-
ment for petroleum-based materials.

In addition, utilization of these biomass integrates
bioeconomy by circulating in the value chain of the circular
economy. The circular economy has been given great at-
tention with a high-level strategy within the European
Union that benefits the society beyond the current level.
“Biomass is highly significant in a circular economy in terms
of material products and the provision of energy. To es-
tablish a circular bioeconomy, the practical implications of
biomass use need to be appreciated by stakeholders
throughout the value chain, from product design to waste
management” [11, 12].

Many scholars investigated the valorization of protein-
containing nontannery biomass to different biomaterials.
However, very few scholars have shown the possible con-
version of tannery biomass to biomaterial. There are no
comprehensive reviews so far done on the valorizations of
tannery biomass to the high-value biomaterial. Therefore,
in-depth research is required to maximize the utilization of
leather biomass. Furthermore, the application of bio-
surfactants obtained from tannery biomass such as wetting
agents, softener, lubricant, and detergent in textile wet
processing was not studied so far. In the current work, a
comprehensive review on the possible utilization of leather
biomass for biomaterials and bioenergy, and their appli-
cation in different areas of science and technology was
assessed. The study can also provide possible research areas
for future work. Leather industry biomass like fleshing,
trimmings, shaving, and splitting can be the main sources of
collagen, which could then be converted to gelatin after
chemical/physical reaction. This results in the production
of sustainable, cost-effective, biodegradable, and eco-
friendly high-value material from collagen/gelatin. In ad-
dition, the fat extracted from the waste is used as a building
block in biosurfactant production and other bioenergy
manufacturing. Besides, it will be essential to identify the
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current and future market needs to combine biomass de-
mand and supply and the sustainability of cohesive biomass
production and supply chains systems to secure a reasonable
bio-based economy development.

L.1. The Leather Industry. The need for meat in the world is
increasing as the population growth increases and remains
growing and high in economic development. Hence, live-
stock and meat are essential parts of global economic de-
velopment. The production of skin and hide in the world is
estimated to be 8-9 MT per annum [7]. Presently, the world’s
major leather manufacturers are located in Asia; China is the
leader, followed by India and Hong Kong. Among European
countries, Italy is the leader in this sector, followed by France
[13]. Processing skins and hide into finished leather gen-
erates 1.4 MT of waste containing mainly protein. This may
cause an antagonistic impact on environmental pollution
unless it is managed properly. Tanning contains large
quantities of water as well as inorganic and organic
chemicals. The leather production procedure and waste
disposal are summarized in Figure 1. This practice leads to
the production of both functional and ineffectual biomass.
Fleshing and shaving wastes are major components of
biomass, whereas hair wastes are the major source of fer-
tilizer [7].

2. Disposal Techniques of Leather Biomass

Due to the movement of people from rural areas to cities and
towns, urbanization in the world is increasing, which raises the
human population in urban areas. As a result, industrialization
around the urban areas increase leading to the disposal of huge
amounts of waste to the environment [14]. To improve waste
management, first of all, the following steps should be always
considered to get the best approach (Figure 2).

Hides and skins are the biomass of slaughtering activities
that can be converted into various end products. For every
end product, the process of tanning is different and the
amount and type of waste obtained may vary to a great
extent. In the production of leather, a high percentage of raw
materials are rejected as solid waste. In addition, the pro-
cesses carried out at different stages have a significant en-
vironmental impact [15].

2.1. Landfill. Inleather production, only 15-20% of the total
mass of the raw skin or hide is changed to final finished
leather products. The precise proportion varies depending
on the animal classes and product requirements being
produced. 80-85% of the skins and hides of solid wastes are
disposed of as landfills which have a great impact on the
environment and health [16]. For many years, landfilling has
been the most used disposal method chosen by tanneries.
However, this option is not the best method because of its
environmental impact and the increasing contamination of
groundwater and soil [17]. Due to this, European Union
legislation bans landfilling of biomass in developed countries
[18]. In addition, unutilized portion of the chemical process
is disposed of in the wastewater.
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FIGURE 1: Description of the tanning process and waste disposal (adopted from [7]).

Consequently, the concern is that, if the present solid
waste removal methods continue, the waste has to be
transported to a long distance, which will cost much for
transport facilities and infrastructure. Landfilling scenario
requires the highest transportation cost, and also sites
available for landfills are quickly occupied, and getting new
sites would become difficult. Indiscriminate landfilling leads
to contamination of water quality in the areas surrounding
the landfill sites due to pollution by landfill leachates.

In addition, landfill gas, which generates 50-60%
methane, contributes to global warming significantly [19].
Hence, environmental scientists have discouraged landfill
methods of disposal and new technological interventions
were made. Less attention has been given to the leather

industry’s solid waste management, and it is common to
observe lots of waste dumped illegally around tannery
compounds, rivers, and other open places [16]. “Therefore,
to avoid any possible consequences due to the degradative
effects of these materials arising from their landfilling, re-
searchers from all over the world are studying safer waste
disposal methods to recover and reuse these wastes in other
various industrial applications” [17].

2.2. Thermal Incineration. Thermal incineration is a tech-
nology of thermal destruction, which is one of the most
efficient methods for killing conceivably contagious agents.
Tannery wastes such as sludge, shavings, and buffing dust
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FIGURE 2: Steps to improve the management of waste.

can be thermally treated to reduce the volume of waste to be
disposed of [19]. This method of waste disposal is the
gasification and pyrolysis process, which generates energy.
However, thermal incineration is an expensive option, but a
suitable method for its instantaneous energy production and
capacity reduction of solid waste [20].

3. Utilization of Leather Biomass: Current Uses

The biomass generated from tanneries can be used for
various purposes such as animal feed, glue, soil conditioner,
fertilizer, decorative purposes, and fashion accessories. The
organic biomass used for such purposes are fleshing,
trimming; shaving, and splitting that are mostly obtained
from raw skin/hide and semi-processed leather. Most of the
industries disposed of the waste as landfilling; however,
some of them are trying to recycle it to a useable form [21].

3.1. Leather Waste for Decorative Purposes. Leather trim-
mings/scraps and sheets, which have magnificent elongation
and strength, can be used for various decorative applications. In
addition, a composite sheet made of leather scrap can be used
for various purposes in consumer applications, like inner
decoration, clothing, bookbinding, leather wallpaper, furniture
covering, wall coverage, key holder, and wallet. The desires for
the determination of leather waste for decorative purposes are
their protecting shape and size [22]. The following topics are
some of the applications of leather biomass currently exercised.

3.2. Leather Biomass for Fertilizer Production. Fertilizers are
compounds given to the plants to grow them and applied via
soil to be up taken by plant roots or by foliar spraying.
Leather biomass are used for the production of fertilizers
(for soil conditioning) due to their richness in nitrogen (N)
content. However, the chromium part must be removed
from the wet blue before conversion into fertilizer [23]. The
leather fertilizer comprising an average amount of 140 g-kg™"
of nitrogen (dry weight), was rinsed three times and im-
mersed in phosphorous (P) and/or potassium (K) salt so-
lutions to produce Nje,ine.PK formulations. This mixture was
agitated for 30 min and dried in a forced-air oven for 12h at
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70°C. Potassium chloride and KH,PO, salts were used in this
process. The formulations were then crushed and selected
according to grain-size analyses: 1.68-0.59 mm. The salt
amounts added to the collagen for the Nj.,me.PK formula-
tions were based on the plant needs and the recommen-
dations for fertilization in greenhouses [24]. Figure 3 shows
a pathway (i) illustrating separation of chromium and
collagen by extraction and the preparation of the material
enriched with K and P, pathway (ii) fertilizer synthesis
process. The use of these wastes for soil conditioning/fer-
tilizer is one of the alternatives to reduce waste disposal [23].

3.3. Leather Biomass for Animal Feed. Leather scraps, like
splitting and trimming associated with the production of
various leather processing can be collected and hydrolyzed
similarly to poultry feathers. As shown in Figure 4, the
biomass of this process is usually solvent extracted, dried,
and ground into a meal for animals and chicken. Besides
this, it is also used as a supplemental protein source since
leather biomass is rich in protein content [25].

3.4. Leather Biomass for Glue. Traditionally sizing agents and
adhesives were produced from animal skin and hides before
thousands of years. During the production process of fin-
ished leather, the waste containing protein, fat, and tissue are
generated at different stages. The solid biomass obtained
from the leather production process contains 40-60 gkg ' of
protein that is responsible for the preparation of glue [26].
The glue made from animal biomass is currently used for
various applications, such as binding of books and catalogue,
abrasive industry, paper production, emulsifying agent,
metal and ore refining, emulsion stabilizer, and many other
applications. In addition, it is also used as gesso and a
mixture of whiting and glue [27].

The production process of animal glue starts with the
cleaning of animal hides, tissue, and bones to avoid contam-
ination. The tissue of the animal is soaked in water to start
softening it and at this stage, the protein releasing process starts.
Soaked tissue is then treated with acid and lime to assist the
breakdown of tissue releasing more collagen. The acid is then
avoided, and the water and collagen mixture are cooked to
produce a thick, gelatin-like material. Then, it is purified and
treated with chemicals according to the end use (Figure 5) [26].

3.5. Leather Biomass for Fashion Accessories. Materials that
normally end up in the landfill are the starting point of any
design process. These days, trimmings from finished leather
biomass are fashionably converted into valuable products.
Fashion accessories, like leather scarves, can be produced by
applying the soften processes to trimmings [29].

4. Physicochemical Properties of
Leather Biomass

Studying the physicochemical properties of a leather bio-
mass is a vital step to identify the characteristics of a leather
biomass that can be converted to valuable bio-material [30].
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A comprehensive description of leather biomass and their
physical and chemical properties are explained in the next
section.

4.1. Physical Properties of Leather Waste. The physical
properties of leather make leather a unique and valuable
material for upholstery purposes [31]. Leather biomass

has high density than any other natural or engineered
fabrics commercially available today. Besides the special
structure and properties, leather biomass is very cheap,
accessible, and a wanted type of product. The biomass is
generally classified into solid and liquid biomass and the
solid biomass comprise flushing, shaving, splitting, and
hair.



The total fresh hides and skins production of slaugh-
terhouses is estimated to be 8-9MT per year generating
1.4 MT of solid waste from tanneries [32]. In the processing
of 1MT of skin and hide, about 600kg-800kg of solid
biomass are generated as given in Table 1 [34].

4.2. Chemical Properties of Leather Waste. The chemical
composition of raw untreated skin or hide biomass can be
determined mainly by quality, sort of treatment type, and
raw material. It contains protein as a major component.
High moisture content (up to 80%) is the property of leather
materials. The amount of protein and fat is comparatively
high and constitutes up to 10.5%(w/w) and 2.5 to 10.5%(w/
w), respectively, and 2-6% (w/w) of mineral matters [8].
Table 2 shows the typical chemical compositions of skin and
hide.

5. Utilization of Leather Biomass: Prospects

The productions of fresh skins and hides in the world are
estimated to be 8-9 MT per year generating 1.4 MT of solid
biomass [32]. Leather processing industries (tanneries)
produce an enormous amount of solid biomass. The solid
waste is categorized as fleshing waste (50-60%), chrome
splits, chrome shaving, buffing dust (35-40%), skin trim-
mings (5-7%), and hair (2-5%) [36]. The biomass generated
from tanneries has a very bad odor. The rapid growth of the
population in the world is creating many tanneries that
generate more solid waste, which exerts pressure on envi-
ronmental conservation. Proper disposal of the biomass
generated from the tanneries and protection of the envi-
ronment and society is the responsibility of the industries.
The disposal techniques currently available for leather solid
biomass are landfill and thermal incineration, besides
recycling of some of the biomass for decorative purposes and
fashion accessories (trimming wastes), animal feed, fertil-
izer, and glue making [37]. Since the quantity of the waste
disposed is large, there is a limitation in space for disposal
and the disposal cost incurs extra expenses to the industries.
Therefore, to sustain the production process of leather, there
must be a mechanism that can convert these leather bio-
masses to high-value materials that can be used for different
applications.

Many scholars investigated the utilization of solid leather
waste for various uses. Due to its fertility in protein content,
sustainable supply, plenty of availability, and cheapness,
leather biomass is a potential starting material for bioma-
terials production. Figure 6 shows the proteinases material
obtained from leather waste. Animal hide and skin contain
proteins (90-95% of solids, 35% by wt.), carbohydrates,
lipids, water, and mineral salts. From many types of proteins,
collagen exists in the largest quantity and is accountable for
the creation of leather by combining with tanning agents.
About 60% of hides and skins are proteinase material [38].

5.1. Application of Collagen/Gelatin Obtained from Leather
Waste. Collagen is the furthermost commonly occurring
protein class in both animals and humans. It is primarily
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made of glycine amino acid (33%), hydroxyproline, and
proline (22%) (Primary structure), which is twisted by the
three a- chains in a triplex helix. 1014 amino acids are
available in every a- chain with 100kDa approximate
molecular weight. The natural collagen can be synthe-
sized from many sources like bovine and leather waste
(trimmings, shaving, fleshing splitting, and buffing).
Animal sources like lung tissue, bones, tendons, and
connective tissue are other sources of collagen [39].
Furthermore, along with cellulose and lignin, it is one of
the three dominant biopolymers. Collagen is not a single
substance; it is composed of a group of gelatin. There are
two kinds of collagen, the first one is collagen with the
behaviour of gelling, thickening, texturizing, and bind-
ing. The second type is related to collage surface char-
acteristics such as foaming, stabilizing, emulsion,
cohesion and adhesion, film-forming, and protectiveness.
Because of its biodegradability and biocompatibility, it
has ample applications in cosmetics, pharmaceuticals,
biomedicals, food industries, film/adhesive industries,
and tissue engineering [40].

Gelatin is the most abundant type of collagen, which is
obtained from animal biomass. It is synthesized by partial
hydrolysis of collagen derived from bones, cartilages, skins
of animals, and tendons. It is slightly yellow in color or
colorless, solid, brittle, odorless, and almost tasteless [41].
Gelatin commonly exists in the form of granular powder;
however, sheet gelatin is still available in European countries
[41]. In contrast to circular globular proteins, gelatin and
collagen are a sclera protein that is found as linear fiber-like
hierarchical structures [42].

Extraction of collagen/gelatin can be done by alkaline or
acid treatment of leather biomass as shown in Figure 7.
However, the biomass like splitting waste or vegetable
tanned leather waste that does not contain chromium is
recommended for applications of collagen/gelatin in cos-
metics, food industries, and medical sectors. Therefore,
collagen/gelatin can be extracted from leather biomass,
which has several industrial applications such as adhesive,
dye and plaster, textile, paper, cosmetics, foodstuff, phar-
maceuticals, biogas production, edible packaging, and bio-
fuel production [43].

5.2. Application in Cosmetic Formulation. Collagen is one of
the main components of hide and skin, which is re-
sponsible for its condition and appearance. Owing to its
insolubility in water, hydrolyzed collagen is mainly ap-
plied in cosmetic formulations. Hydrolyzed collagen has
a penetrating effect on the epidermis and acts as a water-
holding agent there. Short polypeptides and small pep-
tides are water-soluble and can be easily added to the
formulation of cosmetics. It has film-forming charac-
teristics used for skin covering. It reduces water loss of
transepidermal having a protective effect on hair or skin,
which avoids harms caused by surfactants. Collagen is
applied to the skin to provide smoothness and mois-
turizing effect. One of the greatest successful commercial
uses of collagen is its dermatological defect repair by
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TaBLE 1: Quantities of solid waste produced in tanneries [33].

Waste type Beam house (kg) Pre-tanning (kg) Tanning (kg) Finishing (kg)
Trimmings 90 120 110 32
Wet blue split — 115 —
Fleshing — 70-230 — —
Hair waste 60-100 — — —
Buffing dust — — — 2
Total 150-190 190-350 225 34

Grand total

Approximate 600-800

TaBLE 2: Chemical constituent of skins and hides [35].

Age of animals

Protein (keratin, collagen, reticulin,

Percentage

Ash (sodium arsenic phosphorous, Potassium,

Moisture and elastin) Fat magnesium, calcium)
Mature cattle hide, without hair 65 30
Average slaughter cattle hides 62-70 1.0
Very fat animal 10-12
Air-dried cattle hide 9.1 89.9 0.2 0.8
Wet cattle hide 83 15.7 0.2 0.1
New born calf 67.9 30.8 1.0 1.0
Two-year-old steer 61.2 35.0 3.2 1.1
Three-month-old calf 66.0 31.0 1.6 14
Four-year-old steer 55.6 38.2 6.0 1.1
Sheepskin 30-50 1.1
Old cow 60.2 36.0 3.1
Goatskin 60.0 3-10
Cured cattle hide 44-48 41 14-16
Pigskin 37.0 14 30.50
\“\\\\\\
Keratin
Recycled leather
...............
Finished leather waste b v
e
L - L

Tannery sludge

Ceramsite

Collagen peptide

Chrome containing
leather solid waste

FIGURE 6: Application of solid skins and hides waste [36].

subcutaneous injection. In addition, collagen is used in
lotion, moisturizing cream, and hair spray [44, 45].

5.3. Application in Medical and Pharmaceutical Industries.
Gelatin and collagen have a variety of safe medical uses such
as drug delivery, tissue engineering, scaffold, nanocarriers
for anticancer therapeutics, and pharmaceutical uses. The
annual consumption of gelatin and collagen in the medical

sector is about 50,000 MT. Collagen and gelatin are mostly
used in medical and pharmaceutical applications due to their
biocompatibility with physiological situations and biode-
gradability [46, 47].

Due to its biodegradability, nontoxicity, inertness,
nonirritating nature, and biocompatibility, gelatin is used in
the manufacturing of drug delivery carriers. The carboxylic
and amine group in gelatin gives modification to its
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structure like protecting agents, cross-linkers, and couplings.
Polymeric-based nanoparticles obtained from gelatin is used
in cancer drug delivery because of its particle size, drug
loading capacity, enzymatic degradation, degree of cross-
linking (due to amine functional group), and drug content
[48, 49]. Gelatin is also used as a scaffold material for
cardiovascular diseases. Due to its low cost, biodegradability,
and natural origin, gelatin is the preferred biopolymer in
tissue engineering. It is used as a coating agent in the re-
generation of vascular tissue engineering, which enhances
the cell attachment due to its compatibility with the tissue
(both have carboxylic and amine functional groups) [50]. In
addition, gelatin and collagen also have medical applications
in wound dressing and implants.

About 6.5% of gelatin from total production is used in the
pharmaceutical industry [51]. For the last several decades,
gelatin has been playing a significant role in the pharmaceutical
industries. It is known for its thermo-reversible gelling, film-
forming, and adhesive nature. Pharmaceutical grade gelatin is
largely used for vitamin implanting and the formation of
capsules. It is used as the main component in protective gel-like
zinc for the treatment of ulcerated varicose veins. In addition, it
can be prepared into a sterile sponge by treating it with
formaldehyde, whipping it into foam, and drying. Such kinds of
sponges are used to implant antibiotics to the specific area and
in surgery. Since gelatin is a proteinase material, it is used in
plasma expanders for blood in cases of very serious injury and
shock [52].

5.4. Application in Food. Collagen is one of the most wanted
ingredients in the healthy production of food. Naturally, the
production of collagen in the human body is decreasing with
the increment of age; therefore, it has to be added to the diet to
gain the appropriate protein in the body. As a result, it is mixed
in a variety of diet products. Collagen is used as a food additive

that is mixed into the food during processing to provide a
rheological characteristic [53]. Studies showed that collagen
treated with heat is used as an emulsifier in the formulation of
food mostly in the acidic diet. In addition, collagen is used in
the edible film as a coating material to protect the migration of
moisture, oxygen, and salts that give vapor permeability and
integrity to the food and in the extension of food shelf time
[54]. “Edible coatings can improve the quality of fresh, frozen,
and processed meat, poultry, and seafood products by retarding
moisture loss, reducing lipid oxidation and discoloration,
enhancing product appearance in retail packages by elimi-
nating dripping” [55].

The applications of gelatin in food processing industries
are very wide. These are lubrication, enhancing food elas-
ticity, stability of food products, and consistency [56]. It is
also used as a food stabilizer mainly as a fat replacement in
dairy products and preparation of jelly-like desserts due to
its “melt in mouth” characteristics. It is also broadly used in
stabilizing frozen dessert and ice cream and also as a solvent
in marshmallow and candy preparation. Recently, it has got
use in the preparation of low-fat margarine production as an
extender and emulsifier [57].

5.5. Application in Edible Food Packaging. The natural
polymers have been used in biopolymer-based coating and film
in food industries. It protects the food from outside contam-
ination and prolongs the shelf-time of the food by maintaining
its quality. The use of gelatin for the packing of highly delicate
foods like fish and meat is highly recommended [58].

5.6. Application of Leather Waste in Bioenergy

5.6.1. Leather Waste in Biofuel. There is a rising demand for
leather biomass such as greases and fats as a renewable
energy source. Their use as an energy source is rising due to
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many reasons. The first reason is that their direct use in
industrial burners contributes to the generation of energy at
a relatively lower price. Second, the growing demand for
biodiesel as a replacement for fossil fuels increases its de-
mand. Currently, much of the biodiesel is obtained from
soybean oil and canola oil [56]; however, many biodiesel
production plants are growing, which uses only animal
grease and fat as a raw material. Since such industries are at
the start of major expansion, it might be difficult to predict
the ultimate future impact. But, the growth will result in a
bigger demand for animal greases and fats [59].

Biodiesel fuel obtained from the fats and oils of leather
waste can be a potential replacement for diesel fuels obtained
from petroleum. The availability of biomass from industrial
processes and the desire to meet environmental conserva-
tion stand as the key motivations towards exploring all
choices in waste management [5]. In this regard, the waste
that contain fats from leather industries can be the future
alternative to replace fossil-based fuels.

5.6.2. Leather Waste in the Biogas Industry. “The revised
Renewable Energy Directive (REDII) requires the European
Union (EU) to produce 32% of its energy consumption and
at least 14% of its total fuel consumption with renewable
energy sources by 2030.” There are many renewable sources
of starting materials in use for the production of biogas,
leather biomass being one of them. Leather industries
generate a huge quantity of waste in the form of liquid and
solid, which are responsible for environmental pollution
unless handled properly [56]. The use of leather industry
biomass as secondary biofuel with thermal recycling in
power plants has been stated to be achievable. Despite this,
cattle manure, skin/hide, and leather industry waste are also
important for electric power and biogas production, whereas
solid waste generated from the leather processing industry is
used as fuel in the cyclonic combustor [56]. In addition,
anaerobic dissection is the most known method for the
production of biogas with a complete recovery of carbon
dioxide (CO,) and methane in the absence of oxygen
(60, 61].

5.7. Leather Biomass as Adsorbent Material. Adsorption is a
simple method commonly used in the treatment of waste.
The material used as an adsorbent in the process of ad-
sorption shall have properties like high surface area, high
selectivity and high adsorption capacity, the possibility of
reuse, and a long useful life. In this regard, obtaining ad-
sorbent material from tannery waste having carbonaceous
nature that is appropriate to produce activated carbon,
generate low-cost adsorbent, and reduce the volume of
sludge is inspiring. This is because it can be used by the
tannery industry itself in effluent treatment [62].

The activated carbon obtained from flashing waste by the
pyrolysis process has thermal resistance, a greater number of
surface functional groups, and greater porosity, compared to
commercial activated carbon [63]. From chrome tanned
leather, 97% removal of chromium (VI) was achieved. The
activated carbon synthesized from vegetable-tanned leather

waste was used as an adsorbent material and removes 90% of
dyes. In addition, shaving waste also showed encouraging
adsorption in the reduction of inorganic and organic con-
taminants and color that allows for the recycling of effluents
from tanneries. The activated carbon prepared from chro-
mium-tanned leather shavings exhibited a higher affinity
and around 50% capacity of adsorption [64].

5.8. Leather Waste in Biosurfactant Synthesis and Application.
Surfactants are amphiphilic compounds containing hydro-
philic (water-soluble) heads and hydrophobic (lipophilic;
water-insoluble) tails. They are soluble in both water and
other organic kinds of solvents due to these two charac-
teristics. The hydrophilic parts of surface-active agents are
ionic or nonionic and the hydrophobic parts are branched or
straight fluorocarbon or hydrocarbons chain with a carbon
atom of 8-18 [65]. Surface active agents are compounds that
can change the interface between two solids and liquid or
between two liquids. Change or modification between the
two parts is achieved with the combined effect of surfactant
molecules; one part (hydrophilic) dissolves in water and the
other part (hydrophobic) dissolves in oil or lipid phase
connecting both immiscible phases. 0.1-1% concentration of
surfactant application is sufficient to reduce the surface
tension of the two phases since it is applied at the interfacial
portion [66].

The conventional surfactant manufacturing process is
based on petrochemical sources or a mixture of petro-
chemical and renewable sources [67]. However, the need for
renewable, sustainable, and biodegradable production of
biosurfactant is increasing due to the depletion of petroleum
and the environmental impact of petrochemical-based
surfactants. The world market for surfactants exceeded
15MT annually [68].

Biosurfactants obtained from natural sources have
several advantages over petrochemical-based surfactants.
These are, economically feasible, environmentally friendly
(low toxicity), easily biodegradable, biocompatible, has re-
newable starting material, and cheaper starting material
[69]. In the synthesis of the surfactant, the natural raw
material can be incorporated as a hydrophobic or hydro-
philic building block. Cellulose, amino acids, and sugar are
hydrophilic types of building blocks used in surfactant
manufacturing [70].

In general, leather processing industry waste can be used
as a source of building blocks of surfactants and the fat
obtained from the tannery waste is the main source of
surfactants. The amino acid that is synthesized by acid
hydrolysis of protein-containing leather wastes like shaving,
splitting, fleshing, and other related wastes are the main
building block of a biocompatible and biodegradable sur-
face-active agent [71]. Condensation of natural amino acid
and fatty acid results in amino acid surfactants and the polar
group of amino acids characterizes it as the building block of
amino acid surfactants. Figure 8 shows different amino acid-
based surfactants. Biosurfactant is usually used as a deter-
gent, wetting agent, emulsifiers, softening agent, dispersing
agent, solubilizing agent, and foaming agent. They do have
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applications in several industries like textiles, pharmaceu-
ticals, food, petroleum, paper products, cosmetics, organic
chemicals, and biotechnologies [72, 73]. The following
section describes some of the applications of biosurfactants.

5.9. Biosurfactant Applications in Textile. Textile material
undergoes sequences of wet processing actions to produce a
different functional fabric. Wet processing is one of the most
important processes in the textile value chain and consumes a
large volume of surfactants. Surfactant has a large application in
textile processing as an emulsifier/dispersing agent, soaping
agent/detergent, wetting agent, and lubricant/softening agent
[74]. It plays a significant role in the dyeing, pre-treatment,
printing, and finishing of textile fabric to meet the require-
ments of the quality of the fabric. Surfactants like detergents
and wetting agents reduce the water surface tension from
0.073N/m to 0.030N/m by covering (expanding over) the
surface of the liquid (water) and facilitate penetration of dyes
and chemicals. It is used in the de-sizing, scouring, bleaching,
printing, and dyeing process of textile material. Due to its
outstanding adhesive characteristics, the surfactant of amino
acid is an ideal softening agent and lubricant in textiles [74, 75].
Biosurfactants are accepted in the replacement of petroleum-
based surfactants due to their sustainability, biodegradability,
less effluent load, being economically viable, and cheaper
starting material (the leather waste in this case) [76]. As a result,
an amino acid-based surfactant can be the potential replace-
ment for petroleum-based surfactants for textile applications.

5.10. Medical Application of Biosurfactants

5.10.1. Drug Delivery. Due to their low toxicity, biodegrad-
ability, and biocompatibility (presence of amine group), amino
acid surfactant (fatty acyl type) is one of the biomaterials in
drug delivery. It has the advantage of increasing the solubility of
the drug and shielding it from degradation. “Cells usually take
up drug carriers through endocytosis that limits the inter-
nalized active compounds to vesicles (endosomes).” Properties
of the surface, like surface charge and hydrophobicity, have a
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main effect on the cellular take-up of delivery of the drug
system. Hence, the insertion of ionic surfactants into the
carriers can improve directing to the specific cells [72].

5.10.2. Gene Delivery. Gene therapy is a medical method
used to restore the faulty gene by replacing defective genes
with the normal gene. Efficient therapy of gene is based on
the carrier of the gene, and effective gene transfer to the cell
is the main task to achieve the goal. Gemini amino acid-
based surfactant is used as a carrier to accomplish the
transfer of genes to the cell due to its biocompatibility and
biodegradability [77, 78].

5.10.3. Antiviral Activity. Recently, many scholars are
attracted by the use of bio-based inhibiters of viral diseases like
lipoamino acid. In this regard, the derivative of acyl amino acid
is reported as an inhibitor of influenza neuraminidase. Cationic
surfactant derivative of amino acid surfactant synthesized by
the fatty acid condensation is known for its protection from
microorganisms and viral contagions [79].

5.11. Biosurfactant Application in Agriculture. Improving the
productivity of the agricultural sector is one of the vital
issues since the need for food is increasing due to the growth
of the population in the world. The production process needs
to be eco-friendly using the biological method to protect the
environment and soil and also shall be sustainable to secure
food supply. Surfactants are used in several areas of agri-
culture such as agrochemical formulation and crop pro-
tection. Biosurfactants can be a replacement for synthetic
surfactants and are significant in agricultural areas as they
improve the soil quality. They contribute to an indirect
promotion of plant growth as they have an antimicrobial
action that improves microbial interaction of plants, as
shown in Figure 9. In addition, biosurfactants are found to
be the substitutes for synthetic surfactants currently utilized
in pesticide manufacturing.

Biosurfactants obtained from renewable sources such as
amino acid surfactants can be utilized in herbicide, insec-
ticide, and inhibitors of plant growth in the agricultural
sector. A US patent reported that grass pesticide has been
produced using the blend of refined Cupressaceae family of
plant and surfactant solution extracted from amino acids
[80, 81].

5.12. Biosurfactant Application in the Food Processing
Industry. Food industries have been using surfactants for
several centuries as an emulsifier in food formulation.
Understanding of structure, properties, and formulation of
an emulsion is very important in the stabilization and
creation of food structure and textural stability. There are
three kinds of emulsion in food formulation. The first is
oil-in-water (o/w) emulsion in which oil droplets are sus-
pended in a continuous aqueous phase. This emulsion is
found in foods such as cream liqueur, creamers, ice creams
mixes, and mayonnaises. The second emulsion type is water-
in-0il (w/o) emulsion and in this emulsion, water is
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FIGURE 9: Multifunctional prospective biosurfactant application in agriculture (adopted from [80]).

suspended in a continuous oily phase and it exists in
margarine, butter, and fat-based spreads. The third one is
water-in-oil-in-water (w/o/w) emulsion and it is found in
packed foods of various types [82, 83]. The emulsion process
is shown in Figure 10. Amino acid surfactants are used
widely as bio-surfactant (emulsifiers) in food processing
industries as dairy products, margarine, dressing, and low-
calorie spread. Due to its wide antibacterial spectra and
antimicrobial effect, the amino acid surfactant has got great
attention in the selection of surfactants in food formulation
and has become a promising alternative to synthetic sur-
factant [72].

5.13. Biosurfactant Application in the Cosmetic Industry.
In the choice of surfactants for cosmetic, pharmaceutical,
and personal care products, mildness, toxicity, safety, en-
vironmental issues, and gentleness are the main concerns.
Amino acid surfactants are biosurfactants used in many
personal care product formulations and are preferred over
synthetic-based surfactants due to the environmental impact
and nonrenewability of the latter. Amino acid surfactants
with C12 carbon chain fatty acid is widely used in the
cleaning of makeup and soil from the face, whereas C18
carbon chain amino acid surfactants are used as an emul-
sifier in cosmetics for skincare. In addition, amino acid
surfactants have many uses in hair softeners, shampoos,
rinses. It is also used in hair treatment, which reduces the
breakage of hair by penetrating through the cuticle into the
hair chute and drawing the moisture from the skin [72, 84].
The presence of the amine group in the amino acid sur-
factant makes it compatible and suitable for cosmetic
applications.

6. Main Challenges Related to Valorization

Several challenges in relation to biomass valorization have
been recognized and research needs to face them identified
[1]. Although the leather industry biomass has several

application areas as mentioned above, some challenges must
be considered during the conversion of this biomass to
biomaterial and bioenergy. The following paragraphs il-
lustrate the main challenges in the utilization of leather
industry biomass for various applications.

The key challenge in the production of biogas from a
chromium-tanned biomass of leather is the production ef-
ficiency. Compared to other types of biomasses, chromium
(III) eliminates organic matter from the leather, which is
responsible for anaerobic digestion during the production of
biogas [85].

The main problem in the manufacturing of biodiesel
from leather biomass is the development of detergent in
the trans-esterification stand out that needs viscosity,
pre-treatment, and cloud point. Therefore, an investi-
gation is required to improve the parameters, since the
use of this plentiful biomass as an alternative starting
material can help in the sustainable supply of biodiesel
demand [85].

Although promising results have been observed in the
application of leather wastes for adsorbent material, fur-
ther study is needed on activated carbon obtained from
tannery waste to ensure multicomponent removal of
contaminants. The major challenge that must be addressed
is attention to the possibility of regeneration of material, in
addition to economic feasibility joined with good removal
capability.

Even though the by-products of tannery have
promising applications for the production of fertilizer,
there are some issues to be addressed regarding their use.
“Application of wastewater from the tannery effluent
treatment plant limited the growth and development of
wheat biomass” [86]. Such an effect can be associated with
the accumulation of metals in the soil, such as chromium,
promoting stress in plants, and reducing the action of
antioxidant molecules [87]. It is imperative to mention
the adverse impact of chromium on the growth of plants.
Oxidation of chromium in Cr®" depends on the move-
ment and availability of other inorganic and organic
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compounds that exist in the soil. To overcome such a
problem, fulvic acid can be added to reduce the toxic
impact of chromium [88].

Furthermore, the application of biomaterial obtained
from tannery biomass for medical and pharmaceutical ap-
plications, food processing, and edible food packaging need
great attention. Appropriate purification (pretreatment)
process shall be provided to tannery biomass to reduce toxic
chemicals incurred in the tanning process. However, for
other applications like paper and pulp, and textiles, direct
application is possible.

7. Conclusions

The tanning industry worldwide release approximately
1.4 MT solid biomass every year, and landfilling is a major
method of disposal. Landfilling of leather biomass creates
problems such as contamination of soil and water, in-
creasing levels of global warming, and making land un-
suitable for use due to bioaccumulation of pollutants.
However, many studies have shown that leather biomass can
be a renewable raw material for the production of sus-
tainable and eco-friendly biomaterials. Leather biomass
mainly contains protein (30-35% collagen) and fat. They are
the raw material for high-value materials like biofilms,
bioplastics, biofiber, superabsorbent material, additives in
various industries, sizing agent, and surfactants, and can be
considered as a replacement for fossil-fuel-based materials.
Therefore, there is no better way than utilizing this biomass
for value-added material production that impact the
economy positively and being a primary solution for pre-
vention of pollution.

The results of this review demonstrated that more
than 19 high-value products can be produced from
leather processing industry biomass. Biomaterials ob-
tained from leather biomass have various applications in
the biomedical and pharmaceutical industries, food

industries, cosmetics, biofuels, paper sizing, adhesives,
textile industries, and many others. Several promising
results have been reported. The conversion of leather
biomass to biomaterials integrates bioeconomy and
promotes circular economy. To establish circular bio-
economy, the particular implication of biomass use needs
to be appreciated by stakeholders through the value
chain, from product design to waste management.

However, many challenges need to be addressed to make
a possible commercial product. Also, extensive research
investigation and product development work must be ex-
plored for ample utilization of this waste material in addition
to the methods discussed in this review. The utilization of
leather waste has a significant contribution to the green
economy and improves the profitability of tanneries by
generating additional income.

As society progresses, we need to rely more on a
sustainable bioeconomy. Moving towards a sustainable
supply of biomaterials can be a clear strategy and priority
solution for sustainable bioeconomy and to solve envi-
ronmental challenges that must be addressed urgently.
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