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SUMMARY: The poultry industry generates large amount of feathers as a waste by-product.
Small amounts are often processed into valuable products such as feather meal and fertilisers
and the remaining waste is disposed of by incineration or by burial in controlled landfills.
Improper disposal of these biological wastes contributes to environmental damage and
transmission of diseases. Economic pressures, environmental pressures, increasing interest in
using renewable and sustainable raw materials, and the need to decrease reliance on non-
renewable petroleum resources behove the industry to find better ways of dealing with waste
feathers. A closer look at the structure and composition of feathers shows that the whole part of
a chicken feather (rachis and barb) can be used as a source of a pure structural protein called
keratin which can be exploited for conversion into a number of high-value bioproducts. Thus,
conversion of the waste into valuable products can make feathers an attractive raw material for
the production of bioproducts. In this review, possible applications of chicken feathers in a
variety of technologies and products are discussed. Their valorisation can result in their
sustainable conversion into high-value materials and products on the proviso of existence or
development of cost-effective technologies for converting this waste into the useful products.

1. INTRODUCTION

There is a critical need and increasing interest across the world to decrease the consumption of
petroleum-based products and to develop bioproducts using renewable and sustainable sources
(Robertson, 2012). Many such efforts have already been made and practised in both developing
and developed countries. Such efforts are necessary to satisfy the food, clothing,
pharmaceutical, automobile, cosmetic, plastic and other basic needs of the future generation.
Due to limited fossil resources, the recent focus is to utilise agricultural by-products and co-
products as a replacement in industrial applications. These products are inexpensive (waste
materials) and environmentally sustainable renewable resources for use in the development of
bioproducts. The food and agricultural industries generate massive amounts of wastes. In
addition to the food and agricultural wastes produced during agricultural processing, households
produce up to 42 % of the waste, 38 % of the generation of the food waste occurs during food
preparation, and 20 % is generated along the food processing chain (Baiano, 2014). At present,
legislations around the world encourage valorisation of waste and by-products of manufacturing
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processes (Baiano, 2014). This valorisation of waste can be accomplished through the
extraction of new value chains from the waste, for example, fibre filaments, polysaccharides,
flavour mixes, proteins and phytochemicals, which can be re-utilized in the nutrition, textile,
cosmetic, composite materials and pharmacological functional industries (Ambrose and Clanton,
2004).

The chicken meat processing industry is developing at a rapid growth rate all over the world.
Reasons for the great pace include efficient feed to weight gain ratio, the fast growth rate of
chickens, poultry being a rich source of nutrients for human consumption, fast production time,
and low economic value of poultry per unit (Rahayu and Bata, 2015). Almost all sections of the
society, encompassing all customs and religions, consume chicken. According to figures
available from the USA Foreign Agricultural Service post reports, the total domestic per capita
consumption of chickens is 59 kg in the United States; 48.0 kg in Saudi Arabia, 67.1 kg in Hong
Kong, 69.7 kg in Israel, and 35.4 kg in Canada (USDA Foreign Agricultural Service, 2014). In
South Africa, the consumption rate for chicken in 2011 was 36.27 kg (DAFF, 2014). This large
consumption of chicken results in the generation of huge amounts of chicken feathers each year
worldwide. Unfortunately, the demand for use of feathers is rather low, and most of them are
disposed of by burning, landfilling, or conversion into feather meal and fed to livestock or used
as fertiliser (Gurav and Jadhav, 2013).

In this report, we review some possibilities of use and conversion of chicken feathers into
high-value products. Since poultry feathers are rich sources of keratin proteins and amino
acids, we believe that they are a valuable resource — their valorisation can result in their
sustainable conversion into high-value materials and products on the proviso of existence or
development of cost-effective technologies for converting this waste into useful products.

2. CURRENT STATUS

2.1 Disposal techniques

2.1.1 Incineration

Incineration is a thermal destruction technology that is one of the most effective methods for
destroying conceivably infectious agents. Analysis led by the North Carolina Department of
Environment and Natural Resources found that a 57 MW poultry waste burning plant emitted
levels of carbon dioxide (CO,), nitrogen oxides (NO,), particulate matter (PM), and carbon
monoxide (CO) per unit of power generated, that were higher than those for new coal plants
(Stingone and Wing, 2011). Thus disposal of feathers by incineration is not ideal.

2.1.2 Burial and controlled landfilling

Burial and controlled landfilling of chicken feathers on farms should be strictly monitored to
ensure that there will be no groundwater contamination. Since the operation, monitoring, and
control of land filling are tightly regulated, landfiling must be prevented as much as could
reasonably be expected because of its unfriendly consequences for the nearby environment,
especially the contamination of surface water, groundwater, soil and air. Every one of these
measures may increase the expenses of landfilling (Veerabadran et al., 2012).
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2.2 Utilisation

2.2.1 Feathers as fertiliser

Feathers contain more than 13 % nitrogen content (Tamrat et al., 2017); this is higher than
the best quality blood meal also utilised for such purposes, hence feathers are suitable for
compost purposes (Choi and Nelson, 1996). Thus, feathers are used in plant growing operations
that require rich nitrogen dressings. Unfortunately, feathers are highly cross-linked with cysteine
linkages and difficult to degrade (Park et al., 2000). Their tough, fibrous structure is ineffectively
processed by most protein-degrading compounds, however, when blended with compost they
degrade well (Gurav and Jahav, 2013). At the point when the feathers are composted, their
produced by-products do a reversal as organic matter into the land which further adds to the soil
fruitfulness. They form an important poultry composite blend in light of the fact that they add
nitrogen, a critical fertiliser component (Veerabadran et al., 2012).

2.2.2 Feather meal as a feedstock

Most feathers are not suitable for the aforementioned applications due to their hazardous
nature (presence of microbiological pathogens) and their poor digestibility if land filled.
Therefore, the fundamental strategy for feather waste management is their conversion into
feather meal to be utilised as feedstock. For the production of feather meal, the rachis of the
feathers must be broken down by hydrolysis to make them digestible (Table 1) (El Boushy et al.,
1990).

Table 1. Compositions of feather meal (McCasland and Richardson, 1966).

Composition Percentage

Protein 92.3 % (ranges 70-80 %) as digestible protein.
Moisture 5.9 %

Fat 1.3 %.

3. PHYSICOCHEMICAL PROPERTIES

3.1 Physical properties of chicken feathers

Chicken feathers have the lowest density compared to any other natural or engineered
filaments commercially available today. Their low density, low thickness, warmth retention
property, high compressibility and strength properties, capacity to absorb sound, and particular
morphological structure of their barbs make them remarkable fibres (Tamrat et al., 2017;
Saravanan and Dhurai, 2012). Besides the special structure and properties, feathers are cheap
(waste material), richly accessible and a renewable resource for protein fibre. A feather is
essentially comprised of three units; rachis, barbs and barbules as shown in Figure 1. Rachis is
the solid and focal shaft of the feather to which the auxiliary structures, the barbs are joined. In
the tertiary structures of the feathers, the barbules are joined to the barbs in such a way that the
barbs are attached to the rachis. The lengths of the rachis can be up to 15 cm. The barbs have
lengths anywhere in the range of 1 to 4.5 cm, contingent upon their location along the length of
the rachis. Individual strands at the base of the rachis are longer than those at the tip (Tamrat et
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al., 2017).

Rachis Hooklets
Barbule \
Vane\ A Barb__ &/

Afterfeather D\ . //’f/
Downy \ 2
barbs 7

A

i R

<
= «
=2 \\\ Barbule
7
Hollow shaft, calamus ST Barb

Figure 1. Morphological structure of chicken feathers (Stettenheim, 2000).

3.2 Chemical properties of chicken feathers

Chicken feathers contain approximately 91 % keratin, 1 % lipids, and 8 % water. The amino
acid sequence succession of a chicken feather is precisely the same as that of reptilian keratins
from claws except for the absence of histidine, lysine, tryptophan, glutamic acid and glycine
(Saravanan and Dhurai, 2012). Serine (16 %) is the most abundant amino acid in chicken
feathers (Saravanan and Dhurai, 2012).

Keratins are insoluble proteins present in rachis, fleece, hooves, scales, hair, nails (hard
keratins) furthermore in the stratum corneum (delicate keratins) (Misra and Kar, 2004). These
particular proteins, which belong to the scleroprotein groups, are exceedingly impervious to
physical, chemical and biological activities. Mechanical stability and high resistance to
proteolytic degradation of keratin is because of the presence of disulphide bonds, hydrogen
bonds, salt linkages, and cross linkages (Misra and Kar, 2004).

4. FUTURE VALORISATION PROSPECTS

The costs to the poultry processing industry to dispose their feather waste are increasingly
high due to reduced availability of landfill space. It is very likely in future the industry will not be
permitted to dispose of the waste in landfills. For example, the South African government has
promulgated legislation for proper disposal and waste minimisation. The National Environmental
Management enforces generators of waste to deal with their waste according to the hierarchy of
waste management in a sustainable way. That is, every industry will need to re-utilise, recycle,
minimise, avoid, treat, and, as an alast resort, dispose of waste (Molapo, 2009). Valorisation of
waste feathers can take advantage of their chemical constituents, their cheapness (free waste),
ease of availability, and potential to offer sustainable procedures for their disposal. Examples of
how and where chicken feather waste can be a useful resource are described below.

4.1 Automobile and aeroplane industries

Modern day material science industries are looking for light weight, low cost and
biodegradable raw materials for the manufacture of various parts of automobiles and aeroplanes
using environmentally sustainable materials. Currently, most automobile and aeroplane parts
are made from petroleum-based raw materials. Owing to remarkable strength properties of
feathers and their lightweight characteristics (Tamrat et al., 2017), feathers could be used to
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produce strong lightweight composites for use in automobile and aeroplane industries.
4.2 Textile industry

Scientists are investigating ways to process agricultural and food industry wastes into textile
consumer products by replacing natural fibores and man-made fibres. Properties such as high
surface area, toughness, flexibility, fine diameter, and durability make chicken feathers valuable
resources to replace expensive natural fibres, wood pulp, and synthetic fibres. However, the
structural properties of a chicken feather are such that feathers cannot be used as is directly into
new products. Even though the whole feather contains keratin, the crystal structure of proteins in
barbs is different from that of the rachis (Tamrat et al., 2017; Bonser and Dawson, 1999). Only
the barbs have the desirable properties to be used as textile fibre. There are two options to use
chicken feathers as a fibre source. The first one is blending chicken feather barb fibres with
other fibres for spinning into yarns. This is because chicken feather barbs have fibres that can
be processed into yarns (after stripping the barbs from the rachis). The second option could be
producing regenerated fibres from the whole chicken feather (Figure 2) after keratin extraction.
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Figure 2. Schematic diagram of regenerated fibre production from chicken feathers.

4.3 Plastic and packaging industries

Researchers are working to discover environmentally sourced sustainable materials to replace
fossil-based ones (Jin et al., 2011). One possible route is to utilise renewable waste resources
to make biodegradable bioplastics. Feathers are inherently non-thermoplastic and do not melt,
but simple alkaline hydrolysis makes them thermoplastic and thus suitable for conversion into
films after cross-linking, e.g., using citric acid (Tamrat et al., 2017; Misra, 2004). Another route
could be graft polymerization using acrylic monomers to impart thermoplasticity that could allow
the feathers to be converted into films (Figure 3). What makes chicken feathers ideal is that they
are rich in keratin, a tough natural protein polymer composed of natural monomers. In contrast
to other biological sources such as plant proteins and modified starch, keratin based plastics
could offer greater strength and tear resistance properties because of the tough keratin protein
crystallinity structure.
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Figure 3. Schematic diagram of bioplastic production from chicken feather

4.4 Bioenergy production

4.4.1 Biogas: Chicken feathers contain high amounts of crude protein, carbon, nitrogen and
hydrogen (Tamrat et al., 2017). Proteins are composed of amino acids linked by peptide bonds,
which are hydrolysed by proteases upon decomposition. The degradation products include short
or branched chain organic acids, NH;, CO, and H,. Figure 4 shows the process flow for the
production of biogas from chicken feather waste.
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Figure 4. Schematic process flow of biogas production from chicken feathers

4.4.2. Biofuels: The world man is facing two major challenges: waste disposal and the need for
an abundant source of clean energy. A perfect solution to both of these problems could be to
turn the waste into energy which could significantly cut carbon emissions while replacing the
need for fossil fuels. Soybean, corn, sunflower and cottonseed are the primary sources of
renewable energy via biodiesel production. However, the use of these raw materials faces
social problems as their use competes with the food market (Demirbas, 2008). Thus, finding
alternative non-food raw materials for biofuel production is a priority. Chicken feathers contain
substantial amounts of fat that could be processed for the production of biodiesel (Figure 5).
This energy from waste could cut carbon emissions by a large percent while replacing the need
for large amounts of petroleum.
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Figure 5. The schematic process flow of production of biofuel from chicken feather

4.5 Biomedical engineering

Acceptability by the human body is the first essential requirement of materials to be used in
biomedical applications (Rouse and Van, 2010). Chicken fibres are comprised of 91% keratin
protein (Tamrat et al., 2017; Reddy et al., 2014) - this protein is the foundation for various
biomedical applications including drug delivery carriers, tissue engineering, and self-assembled
nanofibrous scaffolds for medical applications (Figure 6). Chemical, biological and physical
properties of chicken feathers make them amenable for conversion into biomaterials for use in
biomedical applications. The biomaterials would have desirability such as properties include
biodegradability, bioresorbability, biocompatibility, serialisability, functionality, self-assembly, as
well as mechanical and thermal properties (Ambrose and Clanton, 2004).
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Figure 6. Schematic diagram of biomedical products production from chicken feather
4.6 Enzyme production
Keratinase is a proteolytic enzyme that attacks disulphide bridges to convert keratin from

complex to simplified forms (Figure 7) (Villa et al., 2013; Paul et al., 2014). Keratinases are used
in a wide variety of applications such as for de-hairing of skins in leather manufacturing,
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fertilisers, or animal nutrients in the agricultural industry, food supplements in the food industry,
textile processing, detergents, and in biomedical and pharmaceutical industries. Thus, chicken
feathers could be used as a raw material to produce cheap keratinase enzymes since they
contain high protein content, and keratin is the raw material for keratinase.
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Figure 7. Schematic diagram of keratinase production from chicken feather

5. CONCLUSIONS

Chicken feathers are produced in large quantities as a by-product at poultry processing
plants. Their disposal by incineration or landfilling is fraught with problems, e.g., environmental
pollution and transmission of diseases due to microbial contamination. However, chicken
feathers are composed of materials and components (protein and keratin fibres) that can be
valorised into a large and diverse variety of valuable products and materials. Using waste
chicken feathers to extract high-value materials such as keratin proteins and fibres will minimise
environmental pollution as well as reduce reliance on the use of petroleum based products.
Extensive research and development work is required to develop appropriate technologies for
their full utilisation as a resource for the proposed applications mentioned in this review.
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