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ABSTRACT

Keratin is a durable, fibrous protein which is mainly present in higher vertebrates (mammals, birds and
reptiles) and humans epithelial cells. Food industry especially the meat market, slaughter house and wool
industry produces million of tons of keratin containing biomass. These industries are constantly growing and
the major producers include USA, Brazil and China, account for more than 40 million tons per year. These
proteins constitute keratin by-products have from 15 to 18% nitrogen, 2-5% sulphur, 3.20% mineral elements
and 1.27% fat and 90% of proteins. The organic waste rich in keratin can be utilized as a natural source using
chemical and mechanical methods. The natural keratin obtained by biomass does not contain any harmful
chemical and can be used directly to produce variety of cosmetics, creams, shampoos, hair conditioners and
biomedical products. The natural protein is more compatible to use or apply on human skin and hairs. The
monomeric units of natural keratin can penetrate in the skin and hair cuticle and able to nourish the skin
without any side effects. In the present review various strategies for the purification and separation of keratin
from the organic waste have been described and use of natural keratin in cosmetics and pharmaceutical
industry has also been explored.

Key words: Keratin, purification, cosmetics, cuticle, coatings, hygroscopic, industrial applications

*Author for correspondence: arunguptal0@gmail.com

Braz. Arch. Biol. Technol. v.59: €16150684, Jan/Dec 2016



Gupta, Aetal.

INTRODUCTION

The keratin is one of the most abundant
proteins found in the body of mammals, birds
and reptiles. It is a structural component of
wool, nail, horn and feathers and provides
strength to body (Reichl et al. 2011).1t is
mainly present in epithelial cells in higher
vertebrates (Teresa and Justyna 2011). With
developing urbanization, food industries
especially the meat market, slaughter house
and wool industry produces millions of tons
of keratin containing biomass. The major
producers include USA, Brazil and China,
account for more than 40 million tons per year.
These proteins constitute keratin by-products
have from 2-5% sulphur, 15 to 18% nitrogen,
3.20% mineral elements and 1.27% fat and
90% of proteins ( Kunert 2000; Sangali and
Brandelli 2000; Gessesse et al. 2003).
Globally chicken feathers are the most
common waste product of keratin, with high
amounts produced in poultry slaughterhouses.
These organic waste can be utilized as a
natural source to extract the keratin and use it
in commercial applications. Keratins are the
cysteine rich proteins associated with
intermediate filaments (IFs) which are
cytoskeleton element with diameter of 8-10
nm (Arai et al. 1983; Khosa et al. 2013). It is
mainly found in two forms a and B-keratin. a-
keratins are abundantly found in the soft
tissues such as sheep wool, skin and hair.
These are rich in cysteine and contained less
amount of hydroxyproline and proline amino
acids. However B-keratins are present in hard
tissue protein of bird feathers, fish scales, nails
and others. They are rich in alanine and
glycine, poor in cysteine, hydroxyproline and
proline (Gupta et al. 2012). Chemically
keratins are highly stable and insoluble in most
of organic solvents. The presence of cysteine
in ample amount made keratin susceptible for
hydrolytic and oxidation reactions ( Schrooyen
et al. 2001; Barone and Schmidt 2006; Endo et
al. 2008). Now days a large amount of keratin
by-products are wasted which is potential
threat to the environment (Cavello et al. 2012;
Park et al. 2013). Keratin waste is classified in
three groups in regulation (EC) 1774/2002 of
the European Parliament and Council of 3rd
October 2002 set down health rules
concerning animal by-products not anticipated
for human utilization. It is unsuitable for

ingestion but does not transmit diseases to
humans or animals (Teresa and Justyna 2011).
In the form of solid biomass keratin is less
prone to enzymatic hydrolysis due to high
cross-linking by disulfide bonds, hydrophobic
interactions and hydrogen bonding ( Teresa
and Justyna 2011). In recent years, several
attempts were made for the extraction of
keratin using chemical, mechanical and
enzymatic methods ( Jeong et al. 2010; Korol
2012; Chaudhari et al. 2013; Fang et al. 2013).
One of the potential application of purified
keratin is to generate biomaterials in tissue
repair and regeneration (Alsarra 2009;
Ramshaw et al. 2009; Natarajan et al. 2012;
Ramadass et al. 2013). Chemical composition,
structure and occurrence of keratins: Keratin is
the major component of hair, wool, nails,
hooves, claws, scales, horn, beaks and
feathers. These are least affected by chemical
and physical environmental factors (Teresa
and Justyna 2011). Chemical structure of
keratin showed a-helix, B-helix or B-pleated
sheet (Fraser et al. 1972; Lee and Baden
1975). The high cysteine content is peculiar
characteristic of keratin which distinguish it
from other structural proteins like collagen and
elastin. Major amino acids present in keratin
are cysteine, glycine, proline, serine and a low
content of lysine, histidine and methionine is
also present (Fraser et al. 1972; Jones 2001,
Fraser and Parry 2003). In another study
beside a, B a third type of amorphous protein,
y-keratin was extracted which is non-structural
and associated with a and P sheets (Jones
2001; Fraser et al. 1972). The ratio of sulphur
content also play important role in physical
properties of keratin. Some researchers
classified keratin as soft and hard forms based
upon sulphur content (Rizvi and Khan 2008;
Zoccola et al. 2009). Soft keratin has lower
cystine content, week cross linking and
smaller resistant to other chemicals found in
the hair core and outer layer of epidermis
(Fraser et al. 1972). Hard keratin found in
mammalian epidermal appendages, such as
horns, hairs, nails, and in avian or reptilian
tissues. In recent years, equine hoof (Douglas
et al. 1996) bovine hoof, wool (Feughelman
and Robinson 1971) and especially the sheep
horn (Tombolato et al. 2010) are the attractive
sources for keratin extraction. In o-keratin
individual polypeptide chains in the o-helix
stabilized by hydrogen bonds and disulfide
bridges were formed by cysteine residues
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between adjacent chains (Marchisio 2000;
Jones 2001).

Sources of keratin biomass

Keratin biomass is derived from living
organisms or from their body parts after death.
The major livestock's of keratin includes
goatskins, sheepskins, cattle hides and buffalo
hides as shown in Fig 1. Skin and its
appendages such as nails, hair, feathers, wool,
hooves, scales and stratum corneum are the
richest source of keratin (Kim 2007). It can be
extracted from animal horns and hooves wool

Keratin
sources

and human hairs (Fig. 1). Several million
tonnes of feathers are produced annually.
Hairs are the by-product from tanneries during
haircut process and 5% of dry hair weight
generally recovered from raw material
(Cranston et al. 1986). Food industry produces
million tons of keratin biomass. About 80% of
human hair is formed of keratin only (Kaplin
et al. 1982; Wagner and Joekes 2005). It
provides strength, flexibility, durability and
functionality to the hair in the form of
different conformations (Velasco et al. 2009).

Figurel- Major sources of keratin biomass

Impact on environmental pollution

The need of chicken, wool, fish, birds and
reptiles in the food and textile industry is
recognizable but the proper disposal of waste
products is also essential. The continuous use
of these sources for human needs and
generation of loads of waste leads to the
accumulation of waste in ecosystem. The use
of higher concentrations of poultry extended to
environmental problems at regional to global
scales (Gerber et al. 2007). Landscape
degradation and local disturbance like odor,
flies and rodents are the main problems near
the poultry farms. This is also causing water
and soil pollution and adversely affect the life
of people living in the nearby localities

(Gerber et al. 2007). Literature survey
revealed that more than 4 billion pounds of
feathers produced in United States each year
are disposed in the landfills which directs to
the environmental pollution and leading to the
deterioration of a valuable resource (Huda and
Yang 2008). The second major environmental
issue is created by the slaughterhouses. The
contaminated water generates the problems of
eutrophication, decreased species diversity and
acidification of soils because of deposition of
nitrogen. High concentration of metal ions and
nitrate leaching leads to the pollution of soil
and ground water respectively. Also sheep
wool which is the purest form of keratin in all
the biomass is unsuitable for processing in the
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textile industries. The traditional strategies
used for the disposal of chicken feather are not
only expensive but difficult and not so
effective too. These are often burned in
incineration, buried in landfills or recycled
into low quality feeds for the animals.
However, these disposal methods are restricted
because huge emission of greenhouse gases
which poses great danger to environment
(Verheyen et al. 1996).

Physico-chemical methods of conversion of
waste biomass methods of extraction of
keratin

Due to the property of biodegradability,
mechanical strength, biocompatibility and
natural profusion, expansion of keratin-based
stuff has become the prospective for
transforming the bio-based green materials in
industries (Balaji et al. 2012; Poole et al.
2009). From environmental and economic
point of views, it is quite desirable to automate
profitable and effectual manner to use these
kind of sources in green chemistry (Wang and
Cao 2012). During last decades, study has
attentive on the extraction, purification,
characterization, and applications of keratin
protein from wool fibers, hair, and nails
(Rouse and Van Dyke 2010). However, most
abundant keratinous material are chicken
feathers (CF) in the nature (Onifade et al.
1998).

Chicken feather as a source of keratin

Feather Kkeratin is a potential source of
inexpensive, ecofriendly and commercial
biomaterial (Poole et al. 2009; Shi et al. 2014).
Chicken meat produces approximately 5
million tones feathers per year by meat
processing as a waste stream. The value of
collected feather is very less in poultry
industry. The minor consumption of feathers
biomass leads to accumulation which poses an
important environmental risk to the poultry
farming industry and landfills. It consist of
90% of keratin and can be utilized for
industrial applications (Teresa and Justyna
2011). But certain limitations in feather keratin
processing like poor solubility has restricted
its use and increased the cost of process
(Reddy and Yang 2007). However, its
solubility in water raises at high temperature,
low/acidic pH and in presence of chemical
reducing agent (i.e. Na;SOs or NayS). Feather
keratin proteins are small and uniform in size,

with a molecular weight around 10 kDa (Arai
et al. 1983; Ullah et al. 2011). Feather keratin
protein  consist of hydrogen bonds,
hydrophobic forces and covalent interactions
such as disulfide bond (Wang and Cao 2012).
These constitute cystine, hydrophobic residues
and pB-sheet conformations (Onifade et al.
1998; Guhados et al. 2005). The presence of
reactive functional groups, especially peptide
backbone, disulfide (-S-S) bridges, amino (-
NH;) and carboxylic acid (-COOH), make it
chemically reactive under favorable reaction
conditions. During controlled reduction,
disulfide cross-links are broken into free thiol
(-SH) groups with the protonation of -NH- and
other groups in keratin which creates positive
charge on its surface. Thus, protonation, the
keratin protein acquire positive surface charge
and become pseudocationic biopolymer. It can
be developed in various forms, for instance,
gels, films, beads and nano/micro-particles.
Undoubtedly, after modification, it finds
numerous applications in green chemistry,
food sciences, pharmaceutical, and cosmetic
industries. There are number of methods
developed to extract keratin using oxidative
and reductive chemical processes. These
technologies were initially applied on animal’s
horns and hoofs, chicken feathers and human
hairs. Many researchers used Shindai method
to extract the keratin from poultry feathers
under reducing conditions (Schrooyen et al.
2001; Moore et al. 2006; Khosa and Ullah
2013).

Bovine hoof as a source of keratin

Bovine hoof is also an important source of
keratin which can be processed by chemical
and mechanical treatment. Urea based
chemical treatment is common method for the
extraction of keratin from hooves. Some other
chemical agents like sodium dodecyl sulfate
(for disruption of strong intermolecular
interactions), and -mercaptoethanol (to cleave
the disulfide bonds) were also used in
literature to extract the keratin in the form of
aqueous solution (Yamauchi et al. 1998).
Keratin is pH sensitive too and undergo
decomposition in alkaline conditions. The
optimum pH range employed for extraction
was 6-8. This aqueous solution obtained by
chemical treatment of raw hooves can be
stored at 25°C for one year (Srinivasan et al.
2010). A chemical hydrolytic process of
extraction of Kkeratin from hooves was
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described by (Kakkar et al. 2014). The fats can
be removed from the hoofs by defatting in
soxhlet's apparatus. The defatted protein can
be refluxed with hexane and dichloromethane.
It is followed by mixing with urea, SDS and
mercaptoethanol in flask and kept at 60°C for
12 h under shaking conditions. The hydrolyzed
protein samples can be centrifuged to remove
the particulate matter and supernatant is
dialyzed and lyophilized to powder form. The
protein quantification can be done by
Lowery’s and Bradford assay methods.

Keratin from sheep wool

Wool is a natural protein fiber and contains
pure Kkeratin which is 95% by weight. The
main morphological component of wool is
composed of spindle-shaped cortical cells of
low-sulfur  intermediate-filament  proteins
(IFPs) (40-65 kDa) with a predominantly a-
helical structure entrenched into an amorphous
matrix of p-keratin sheets. The Kkeratin-
associated proteins (KAPs) are composed of
high sulfur rich proteins (11-26 kDa) and the
glycine-tyrosine rich proteins (6-9 kDa)
Vasconcelos et al. 2008; Zoccola et al. 2009;
Cardamone 2010). The keratin protein
obtained from sheep wool consist of high
percentage of cystine amino acid. Because of
the strong disulfide bonds this protein made it
insoluble in water, organic solvents and dilute
acids alkalis (Eslahi et al. 2013).

Characterization methods of keratin

Extracted  keratin is evaluated and
characterized by using different techniques for
confirmation of proteins and amino acid
composition. Presence of keratin is confirmed
by biuret test and confirmation of the presence
of particular amino acid can be studied by
FTIR and XRD analysis (Gupta et al. 2012) In
the previous studies, the vibration in the
peptide bonds stretching in functional groups
was described. Commonly in keratin, Amide
showed C=0O stretching vibration with range
of 1700-1600 cm™, C-H stretching vibration at
1520 cm™ and 1220-1300 cm? shows C-N
stretching ( Wojciechowska et al. 1999; Aluigi
et al. 2007; Sun et al. 2009). One sharp peak of
average molecular weight of extracted keratin
by using gel permeation chromatography
(GPC) is at 10,240 (Wang and Cao 2012). The
number average molecular weight and weight
average molecular weight of the extracted

keratin studied by using GPC was 8829 and
9736 respectively (Ji et al. 2014). Extracted
keratin from wool was also measured by using
MALDI-TOF/TOF (Matrix Assisted Laser
Desorption/ lonization mass spectrometry).
The size of the isolated protein homologs was
estimated by using SDS-PAGE  gel
electrophoresis. Keratin microstructure was
inspected by alkaline and reduction hydrolysis
(Cardamone 2010).

Industrial potential of keratin

The earliest recognized use of keratins for
medicinal applications comes from a Chinese
herbalist named Li Shi-Zhen in the 16 th
century. Over a 38-year period, Shi-Zhen
wrote a collection of 800 books known as the
Ben Cao Gang Mu that illustrate more than
11,000 therapeutic prescriptions. Among
these, a substance made of ground ash from
pyrolized human hair that was used to
accelerate wound healing and blood clotting
also known as Crinis Carbonisatus. Although
the details about the discovery of the
biological activity of human hair are not
reported in detail, its uses for medicinal
purposes are clearly documented by Zheng et
al. (2005). Also, Keratin does not contain any
harmful compounds and can be used directly
to produce variety of cosmetics, creams,
shampoos, hair conditioners and
pharmaceutical products. The soluble keratin
would have applications in wound healing,
tissue regeneration, cell seeding, diffusion, and
drug delivery (Yamini Satyawali 2013).
Keratin from feathers used to made films,
fibers, hydrogels, micro and nanoparticles for
the purpose of food, cosmetology, medical,
textile, composite, agriculture and other
industries.

Uses in cosmetic industry

Keratin is hydrolyzed by acid, alkali or
enzyme and keratin hydrolysate have huge
applications in cosmetic industries. Keratin
based cosmetics have been reported as a
treatment of skin and human hair (Weigmann
et al. 1990; Innoe 1992. Keratin with other
natural polymers such as collagen, chitosan,
silk fibroin were used as a components of the
blends for cosmetic applications (Sionkowska
2015). Presence of keratin in the stratum
corneum and hair cuticle helps in retaining
moisture in skin by interacting with cosmetics.
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High molecular weight keratin proteins are
most attractive part for skin care applications
due to its characteristics like hydrophilic and
film forming. A coating or film on the skin is
formed by keratin molecule which provide
smooth and soft sensation.

Uses as fertilizers

Plant metabolizing enhancer organic fertilizers
was prepared by using sulfur bound amino
acid solution (Chikura et al. 1994). The
composting of chicken feather was also used
to produce biofertilizers (Ichida et al. 2001,
Kornillowicz-Kowalska and Bohacz 2010).
Keratin is a good nitrogen source used to
prepare the fertilizers (Reddy 2015). Bacteria
and fungi produces keratinolytic enzymes
which help to degrade the waste biomass of
Keratin. Both keratinolytic bacteria and fungi
are proposed for use in composting. Among
bacteria Bacillus genus produces plenty of
keratinolytic enzymes and actinomycetes also
contribute to keratin degradation ( Letourneau
et al. 1998; Lin et al. 1999; Ichida et al. 2001;
Tiquia 2005; Tiquia et al. 2005). High
amounts of nitrogen in feathers makes them
excellent to be used as fertilizers but the
presence of cystine linkages, makes it difficult
to degrade, so it made feather biomass less
interesting to be used as a fertilizers (Hadas
and Kautsky 1994; Gurav and Jadhav 2013).
Some studies have been carried out to increase
the utility of waste feather as biofertilizer. In a
previous study, the release of nitrogen was
increased by treatment of feather with
Chryseobacterium spp. These hydrolyzed
feathers fertilizers were used for banana plants
and can be applicable as root dose and shoot
dose for other cultivation crops (Gurav and
Jadhav 2013). Feather waste treated with
thermophilic actinomycetes strain was also
used as a fertilizer for rye grass cultivation
(Gousterova et al. 2012).

Keratins in biomedical applications

Cell adhesion sequences which normally
present in fibronectin and cellular binding
motifs present in keratin used as sites for
cellular  attachment  (Feughelman and
Robinson 1971; Marshall et al. 1991) This
feature made keratin an ideal material for the
synthesis of biomaterial in  medical
applications. Natural proteins considered
healthy for skin and hair because of their
hydrophilic nature. The monomeric units of

natural keratin can be able to penetrate in the
skin and hair cuticle and able to nourish
without any side effects. It is also used as a
wound healing agent because oxidization of
keratinous materials cleaves and oxidizes
some of the disulfide linkages to form water
soluble peptides. The solid base for research in
keratin directed to the growth of many
biomaterials which are keratin-based for use in
biomedical applications (Rouse and Van Dyke
2010). Keratin extracted from wool and human
hair used to prepare the protein films, which
was used to discover the structural and
biological properties of self-assembled
keratins from number of years. Dissolved
feather keratin can be used to develop protein
fibers and 2D and 3D scaffolds, which can be
used for tissue engineering (Xu et al. 2014b).
The property of extracted keratin proteins to
self-congregate and polymerize into complex
3D structures has led to their work as scaffolds
for tissue engineering (Rouse and Van Dyke
2010) and fabricated keratin based composite
nanofiber by electro spinning used as a
application in tissue engineering and
regenerative medicines (Edwards et al. 2014;
Boakye et al. 2015) . Similarly, in another
study, chicken feather extracted keratin for the
formation of fabricated keratin films were
used in controlled drug delivery systems
(Poole et al. 2009; Yin et al. 2013). Generally
protein fibers are preferred over cellulose and
other synthetic fibers due to the unique
property. Many attempts have been made to
produce regenerated protein fibers from plants
and animals. Feather keratin is one of the
potential source for regenerated fiber. Keratin
extracted from feathers and developed
regenerated fibers similar to sheep wool (Xu et
al. 2014b). Because of the presence of high
crosslinking by cystine formulation of micro
and nano particle from feather is difficult, but
some researcher prepared micro and
nanoparticles  successfully from feather
keratin. Keratin was converted into useful
microparticle by treatment with ionic liquid, 1-
butyl-3-methylimidazoliumchloride (Sun et al.
2009). Treated feathers have low surface area
but having higher ion sorption capacity than
untreated feathers due to their hydrophilic
nature. Xu et al. (2014b) developed
nanoparticle (50-130 nm) from feather keratin
which showed good biocompatibility and
stability essential for controlled drug release.
These particle can approach to various organs
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of mice but maximally found in kidney then
liver and followed by spleen. These keratin
particles were water stable unlike other
nanoparticle and there is no need for any
crosslinking or other chemical modification
thus suitable for medical application. These
properties enhanced the utility of keratin based
nanoparticles in biomedical use. These also
showed affinity towards other biomolecules
e.g. Graphene oxide and its derivative have
potential application in biomaterials. (Amieva
et al. 2014) used feather keratin to check the
interaction of these molecules with that of
graphitic layers. The result showed that the
grafting by keratin enhance the attachment of
Escherichia coli cells on graphitic films. Poole
et al. (2011) develop films by using feathers
keratin which was dissolved by using NaaS.
Yield of feathers after different time of
hydrolysis was studied using different
concentrations of Na,S. Keratin have
molecular weight of 20 KDa extracted from
chicken feather which was used to form films
for controlled drug release applications(Yin et
al. 2013). Film formed have good mechanical
properties due to large amount of cystine
linkage. Recently, human hair keratin was
used for keratin-based biomaterials, which
have been utilized for tissue regeneration ( Lee
2014) and humanhair keratin to enrich human
mesenchymal stem cells for clinical
applications (Hartrianti et al. 2015).

Keratin in feedstock

Feather hydrolysate obtained by chemical-
thermal hydrolysis of chicken feather is rich in
amino acids and polypeptides(Coward-Kelly
et al. 2006). Due to similar composition with
soybean protein and cotton seed protein the
hydrolysate used as diet supplement for
feeding ruminants. Enzymatic-alkaline
hydrolysis of feather keratin for feed was done
by (Dalev 1994; Dalev et al. 1996). Enzymatic
modification through enrichment with lysine
leads to increase in the feed nutritive value
(Dalev et al. 1997) Raw horns and hoofs are
put on high pressure in a rendering plant to
make horn meal. Keratin is a useful protein
which is helpful to prepare the animal feed
(Brandelli et al. 2015).

Keratin in environmental remediation
The hollow structure and alpha helix is present
in feathers for building uniform micro porous

material having high surface area were used as
electrode material which is environment
friendly (Zhan and Wool 2011). Poole et al. in
2009 stated that the fibers obtained from
keratin  were environmental friendly,
renewable and biodegradable. Development of
keratin-based material has the potential for
revolutionizing the bio-based green materials’
world due to their biodegradability,
biocompatibility, natural abundance and
mechanical durability (Poole et al. 2009;
Balaji et al. 2012). Strength and modulus of
the single feather is up to 300MPa and 6GPa
which is better than most of wool fibers (Li
and Wang 2013). Feathers can be used to
made thermoplastic films for packaging of
food and other applications. But the feathers
are non-thermoplastic, so many chemical
modifications are required to make them
thermoplastic. (Reddy et al. 2013) reported the
synthesis of thermoplastic by alkaline
hydrolysis of feather. To make stable feather
film, synthetic monomer can be added to
feathers. Grafting of feather by acrylic
monomers  (methyl  acrylate,  methyl
methacrylate and butyl acrylate) was also
employed to improve the properties of feathers
based thermoplastic (Jin et al. 2011). Other
processes like acetylation and etherification
were also used to develop other commercial
products of feathers (Hu et al. 2011; Reddy et
al. 2013; Shi et al. 2014). Feather degradation
done by using microorganisms is cost effective
and ecologically safe form of the continuously
accumulated waste management (Grazziotin et
al. 2006; Syed et al. 2009; Vasileva-Tonkova
et al. 2009).

Uses in leather and textile processing

Keratin wastes can also be used in leather
tanning processes. Keratin hydrolysate is used
in filling cum retaining operation in leather
processing (Sastry et al. 1986; Sehgal et al.
1987; Karthikeyan et al. 2007). Hand spun
yans can be made by blending feathers fibers
(barbs) with cotton (Reddy and Yang 2007).
Yarn sizing agent is a protective layer added
on to the surface of yarns to improve weaving
performance. Feathers can serve as a yarn
sizing agent for textile yarns (Yang and Reddy
2013; Reddy et al. 2014a; Reddy et al. 2014Db).
It helps to improve the tensile strength and
abrasion resistance of the yarns. Polyvinyl
alcohol is used for textile sizing but is
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expensive and difficult to degrade, so feather
can be a good alternative to replace it.

Table 1- Applications of keratin from different sources

Sr. no.

1.

2.

Sources

Human
Hairs
Horn's and
Hoof
Wool and
Human
Hair
Feathers

Chicken
feathers

Industrial application(s)

Medicinal use

Preparation of firefighting
composition

To explore structural and
biological properties of self-
assembled keratins
Development of protein fibers and
2Dand 3D scaffolds for tissue
engineering

Keratin film for drug delivery
system

Regenerated fibers

Micro and Nanoparticles

Nanoparticle for medical
application

Graphene oxide and its derivative
in biomaterials

As a diet supplement for feeding
ruminants

As a microporous material used as
electrode material

Thermoplastic films for packaging
of food

Waste managment using
microorganisms in degradation

Leather processing

Hand spun yan

Textile yarns

Keratinases in detergents
formulation

Flame retardant

Bio-composites or composite
fabrication

Reference(s)

(Zheng et al., 2005)
(Datta, 1993)

(Xuetal., 2014b)

(Xuetal., 2014a)
(Rouse and Van Dyke,
2010)

(Poole et al., 2009)
(Yinetal., 2013)

(Xu et al., 2014a)

(Sun et al., 2009)
(Xu et al., 2014b)

(Amieva et al., 2014)

(Coward-Kelly et al.,
2006)

(Dalev, 1994)

(Dalev et al., 1996)
(Dalev et al., 1997)
(Zhan and Wool, 2011)

(Reddy et al., 2013)
(Jinetal., 2011)
(Vasileva-Tonkova et al.,
2009)

(Syed et al., 2009)
(Grazziotin et al., 2006)
(Sastry et al., 1986)
(Sehgal et al., 1987)
(Karthikeyan et al., 2007)
(Reddy and Yang, 2007)

(Reddy et al., 2014a)
(Reddy et al., 2014b)
(Yang and Reddy, 2013)
(Balakumar et al., 2013)
(Manivasagan et al.,
2014)

(Rai et al., 2009)

(Wang et al., 2014)

(Flores-Hern&ndez et al.,
2014)

(Spiridon et al., 2012)
(Huda and Yang, 2008)
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Biofertilizer

(Huda and Yang, 2009)

(Ichida et al., 2001)
(Kornillowicz-Kowalska
and Bohacz, 2010)
(Gurav and Jadhav, 2013)
(Hadas and Kautsky,
1994)

(Gousterova et al., 2012)

The enzyme Kkeratinases can be used as a
fertilizer for de-hairing in leather industry,
detergent, feed and other biomedical products.
Keratinase can be isolated and purified from
poultry feathers (Balakumar et al. 2013). It
was produced by treating feathers with
ammonium chloride, sodium chloride, and
potassium phosphate. Actinobacterium
actinoalloteichus MA-32 has also been
reported to produce keratinase which was used
in detergent formulation (Manivasagan et al.
2014). It is worthy to note that the detergent
containing keratinase have good removal
power of the blood, paint and dye stains from
fabrics. (Rai et al. 2009) reported that Bacillus
subtilis strain RM-01 was used to generate
feathers keratinase having molecular weight
20.1 kDa. He reported maltose and sodium
nitrate were the co carbon and co-nitrogen
sources. The keratinase produced was suitable
as an additive for laundry detergents (Rai et al.
2009) The presence of high amount of
nitrogen in feathers made it a useful material
as flame retardants (Wang et al. 2014).
Hydrolyzed feathers were used to prepare P-N
based flame retardant. A yellowish feather
based flame retardant was formed which was
used for cotton fabrics. High flame retardancy
was imparted to the fabrics after treating with
the flame retardant which was based on
feathers (Wang et al. 2014). Some bio-
composites were developed from feathers
which were used as reinforcement and as a
matrix. Completely degradable biocomposites
were formed with the use of chitosan-starch as
matrix ~ and  feather =~ component  as
reinforcement. In a recent study a film was
prepared by pouring the above mixture into
glass plate which was then evaporated (Flores-
Hernandez et al. 2014). (Spiridon et al. 2012)
mixed feather fibers with low density
polyethylene in an extruder and form thin
composite sheets. Change in the concentration
of feather has unchangeable effect on impact

strength but modulus barrier properties of the
film also improved. Huda and Yang (2008;
2009) developed a new technique of
composite fabrication in which feather fibers
were put between non-woven mats which have
composition of high density polyethylene or
polypropylene sheath or core fibers. The
reinforcing fiber and matrix were mixed and
compressed to form composites.

CONCLUSION

Till date the literature survey revealed that
keratin is an important component for the
production of a number of value added
products. The large amount of waste biomass
produced by food industries as well as from
animals can be utilized as substrate / raw
material for the synthesis of keratin at
industrial scale. The management of keratin
based waste biomass by reconversion into
commercially used product, will not only save
the ecosystem from large amount of sludge but
will also economically boost up the
pharmaceutical as well as cosmetic industry.
The present need is to find the green and
ecofriendly methods for the extraction of
keratin biomass with the minimal usage of
harmful acids and chemicals. The use of
keratin biomass for the production of bio-
fertilizers is one of the area of research, still
need to be explored. The bio-fertilizers can be
used as a replacement for the chemical
fertilizers, responsible  for  changing
microflora and fertility of crop land fields.
Thus present review provides useful
information about the sources and possibilities
of industrial reconstruction of keratin based
biomass and the research areas yet to be
explored.
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