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ABSTRACT

Poultry sector is generating huge amount of chicken feather wastes, which fall in the category of keratinous
waste : rich in carbon, nitrogen and amino acids. These feathers are recalcitrant in nature and therefore
remain in the environment for longer period. However, several microbial communities ranging from
bacteria, fungi and actinomycetes were identified to synthesize keratinolytic enzymes possessing the
ability to degrade the feathers. These feathers can be modified into potential value-added products like
bioactive peptides, animal feed and organic fertilizer.
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INTRODUCTION

Chicken meat is considered as one of the
cheapest and healthiest sources of protein,
resulting in increased annual consumption
boosting up the poultry sector. As a result,
globally every year around 7 million tonnes of
chicken feathers were produced as waste
(Verma et al., 2017; da Silva, 2018). Major
amount of these feathers is dumped in landfills
or burnt as waste or incinerated leading to
pollution, while a small proportion is used as
feedstock, decorative material, bedding
materials, etc. (Tesfaye et al., 2017).
Feathers generally account for an average 5-
7% of the total body weight of a mature chicken
and are made up of about 91% of keratin protein,
1% lipids and 8% of water (Babalola et al., 2020).
The conventional methods used for feather
processing include chemical treatment and
pressure cooking which convert feathers into
animal feed, but these methods not only require
huge amount of energy also, destroy amino
acids (Kodak et al., 2019). Due to lack of proper
management, poultry feather waste has evolved
as a major pollutant due to its recalcitrant
nature (Brandelli et al., 2015). The recalcitrant
property of keratin is result of high order fibrous
structures constructed by disulfide bonds,
hydrogen bonds and hydrophobic interactions.
Unlike, physical and chemical treatment
processes, feather treatments with biological
techniques are more optimistic and considered

as an alternative environmental-friendly
method for recycling and valorizing feathers
(Calin et al., 2017; Bhari et al., 2018; Wang et
al., 2019), because bioprocesses are favourable
in keeping the valuable nutrients that are
vulnerable to intolerant conditions of pH,
temperature and pressure.
The feather waste is recycled in nature by
keratinolytic microorganisms that secrete
extracellular keratinases (Tamreihao et al.,
2019; Li, 2019). The studies related to
biodegradation of feather are more engaged
with the screening and determination of
various microorganisms that possess the
ability to degrade the keratin protein present
in feathers. Different microbes including
bacteria and fungi have been isolated and
identified to have keratinolytic enzyme thus,
are able to degrade feathers (Demir et al., 2015;
Sivakumar and Raveendran, 2015). Potent
keratinase synthesizing microbes have been
reported from the bacterial species of genus
like Bacillus, Pseudomonas and Streptomyces,
and fungal species belonging to genus
Aspergillus, Penicillium and Chrysosporium
(Verma et al., 2017).
This review article presents a discussion on
various keratinolytic microorganisms for the
management of poultry waste. Since the poultry
feather waste  is protein-rich waste,
prominence is towards the biological
conversion of these waste materials into value-
added products.
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Keratin Proteins

Feathers are constructed of keratin protein
having molecular weight approx. 10 kDa
(Esparza et al., 2017) and extensively cross-
linked by disulfide bonding (Lange et al., 2016)
which provide rigidity and mechanical stability
(Kodak et al., 2019). Keratin protein is rich in
amino acids like cysteine, proline and serine,
the major proportion is of 8.85% cystine (Table
1). Presence of sulphur in form of thiol (-SH)
groups in cysteine leads to the stabilization of
the keratin as it forms a network between the
adjacent polypeptides through disulphide cross-
linkages (Wang et al., 2016). These resolute
covalent bonds in conjugation with hydrogen
bonding and hydrophobic forces stabilize the
three-dimensional structure of prote in
providing high mechanical strength (Wang et
al., 2016).

in cysteine, hydroxyproline and proline amino
acids (Sharma and Gupta, 2016).

Valorization of Poultry Feathers

Feathers embrace fat, water and various
minerals like nitrogen, phosphorus, potassium,
calcium, magnesium, iron, manganese, zinc
and copper, which make them compatible for
being served as valuable energy and material
sources (Tamreihao et al., 2019) for animals
or for microbial growth (Li, 2019).
Microbial degradation of the chicken feathers
is the most convenient and environment-
friendly method for handling the poultry feather
waste so far. Even though feathers of chicken
are rich in keratin which makes them
resistant to degradation, these are not bulked
up in nature, indicating that these are being
degraded by certain microbes. Research carried
out in past decades shows that there are many
micro-organisms that can degrade the keratin
rich waste including feathers and the process
of microbial degradation of feather is an
enzymatic activity. Various strains of bacteria,
fungi and actinomycetes secrete extracellular
keratinolytic and proteolytic enzymes called
keratinases which act upon the keratin
protein and degrade the hard protein (Calin et
al., 2017; Bohacz and Kowalska, 2019; Li, 2019).
Various microbial species like fungi (Table 2)
and bacteria including some species of
actinomycetes (Table 3) were isolated from
different environments capable of producing
keratinase enzymes.

Mechanism of Keratin Degradation by
Microorganisms

Keratinases are extracellular inducible
enzymes produced by microorganisms, which
are robust in structure and are specific for
keratinous substrates. These enzymes are
composed of serine or metalloproteases which
possess the ability to degrade both soft and hard
keratins by targeting on -pleated sheets and

Table 1. Various amino acids (%) present in keratin
fibre of a chicken feather (Sharma and Gupta,
2016)

Functional groups Amino acid Per cent content

Positively charged Arginine 4.30
Negatively charged Aspartic acid 6.00

Glutamine 7.62
Hygroscopic Threonine 4.00

Serine 16.0
Hydrophobic Phenylalanine 0.86

Tyrosine 1.00
Methionine 1.02
Valine 1.61
Leucine 2.62
Isoleucine 3.32
Alanine 3.44
Cystine 8.85

Special Asparagine 4.00
Proline 12.0

Table 2. Various fungal species known to produce the keratin enzyme

Fungi Source References

Aspergillus niger, A. fumigatus, A. parasiticus and A. flavus Feather, poultry soil Sivakumar and Raveendran (2015)
Fusarium solani Soil Ca^lin et al. (2017)
Penicillium purpurogenum Tannery soil Nwadiaro et al. (2015)
Microsporum gypseum Feathers Li (2019)
Onygena corvina Feathers, hooves, horn Lange et al. (2016)

Keratin proteins are categorized in two types
based on structures - -helix and -pleated
sheet.  keratins are rich in cysteine
containing less proportion of proline and
hydroxyproline amino acids and generally
present in the soft tissues, while - keratins
are aggregated in the hard tissue regions and
are enriched with alanine and glycine but lack
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-helical structures (Verma et al., 2016; Bhari
et al., 2019). In vitro studies of the keratinase
structure and feather degradation have led
researchers to a conclusion that the keratin
degradation is not achieved by a single
keratinase enzyme as they lack the ability to
break the disulphide bonds present in keratin
(Li, 2019). After several proposed mechanisms,
it has been recognized that keratinolytic
process is mainly comprised of two different
processes : sulphite-o-lysis -process of
breaking disulphide bonds and proteolysis,
process of protein breakdown which is followed
by the process of deamination (Tamreihao et
al., 2019). Enzymes like sulphide reductases
or some reducing agents such as sulphite are
emanated by the microbe which plays the
crucial part in removing the disulphide bonds
associated in keratin, ultimately changing the
structural conformations, and availing more
active sites for further action by proteolytic
enzymes (Lange et al., 2016). Finally, the
feathers were efficiently degraded to peptides
and soluble amino acids (Fig. 1).

Feather Conversion to Fertilizer

The potential of microbial keratinases to
enhance and accelerate the composting of
dead chicken or discarded feathers could be a
feasible and eco-friendly technique of recycling
these organic wastes into nitrogen-rich
fertil izers (Brandelli  et al., 2015). The
hydrolysates obtained after the microbial
treatment of poultry feathers could be used as
organic nitrogen fertilizer/soil conditioner
(Brandelli et al., 2015) as it is rich in soluble
proteins, amino acids, enzymes and many
other valuable products (Pahua-Ramos et al.,
2017). Microbial action on feathers causes a
slow release of nitrogen which is readily
available to plants (Kumar, 2021). Also, the
degradation of keratin leads to release of
tryptophan in large amount which is a key
source for the synthesis of indole-3- acetic acid
by microbes, thus providing a plant growth
promoting activity (Bhange et al., 2016).
Feather compost increases the N, P and K
content of the soil leading to surplus growth of
the crops.
In a study on rapeseed, the microbe derived
feather hydrolysate significantly increased
plant biomass (Popko et al., 2015). Further, the
metabolites produced after feather degradation
positively affect the germination and growth
of plants (Bhange et al., 2016) as well as
enhance the chemical properties of the soil
like increase in the water holding capacity and
permeability of the soil (Nagarajan et al., 2017).

Feathers Conversion to Animal Feed

The traditional methods of handling feather
waste include burning in open, incineration,
land filling and degradation by physical (steam
cooking) chemical methods (Acid/alkali
hydrolysis). Since keratins protein embraced
in feathers is rich source of essential amino
acids like cysteine, glutamine, proline and
serine amino acids (Tesfaye et al., 2017),

Table 3. Various bacteria species known to produce the keratin enzyme

Bacteria Source References

Bacillus licheniformis, B. subtilis,  B. pumilis, Wild bird, poultry farm soil Fellahi et al. (2016), Hashem et al. (2018),
B. pseudofirmus, B. cereus, B. thuringiensis Wang et al. (2019), Yadav and Khosla (2021)
Paenibacillus woosongensis Soil Li (2019)
Pseudomonas fluorescens, P. stutzeri, P. fulva Agricultural land, Wild bird Chaturvedi et al. (2014)
Stenostrophomonas maltophilia Soil of reed Herzog et al. (2016)
Chryseobacterium sp. Poultry waste Hong et.al. (2015)

Fig. 1. Mechanism of action of keratinolytic
enzymes with schematic representation of
keratin protein (Hashem et al., 2018).

Bacteria and fungi follow different mechanisms
for the purpose of keratin degradation. In
addition to the above cited processes viz.,
sulphite-o-lysis and proteolysis, mechanical
destruction of the keratin also plays a vital role
in degradation by fungi (Li, 2019).
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feathers are used for production of animal feeds
by steam and chemical treatment (Sharma and
Gupta, 2016). In place of alkali hydrolysis and
steam pressure-cooking of feathers, feather
degradation via keratinase seems to be a viable
alternative providing resultant products with
better nutritional properties for being used as
animal feed (Brandelli et al., 2015). There have
been number of keratinolytic proteases
investigated for meeting the purpose of
producing hydrolysed feather keratin for feed
production. Bacillus licheniformis is reported to
produce keratinase that enhanced the
digestibility of the total amino acid from 30 to
66%  of raw feather and from 77 to 99%
commercial feather meal. Also, the commercial
product Versazyme®, is derived from
keratinase identical to subtilisin produced by
B. licheniformis, effectively examined as feed
additive (Brandelli et al., 2015).
Moreover, studies have revealed that chicken
feather hydrolysates produced by use of
microbial keratinase result in improved
nutritional values, protein efficiency ratio and
protein digestibility than the feather keratin
and feather meal (Kumar, 2021). In a
comparative study among the enzymatic and
alkali treatments for processing feathers from
dead hens suggested that the separation of
feathers was faster with alkaline treatment
while  the nutritional characteristics of
feathers were improved by feather-digesting
enzyme (Brandelli et al., 2015).
The amino acids content of chicken feathers
degraded by keratinases from Microsporum
fulvum IBRL SD3 comprised various essential
amino acids viz., threonine, valine,
methionine, isoleucine, leucine, lysine,
histidine and tyrosine (Kshetri et al., 2017).
Hence, it demonstrates that hydrolysed feather
protein can be a significant source of protein
that may be used in animal diets. The
molecular weights of the polypeptides in the
hydrolysate were found to be approximately 1.3
kDa. This indicates that the hydrolysate was
mainly composed of short peptides/
oligopeptides, which are easily absorbed by
animals and have potential applications in food
additives (Peng et al., 2019).

CONCLUSION

The poultry feathers which are worldwide
adding on the loads of waste can be utilized as
a valuable resource by the use of keratinase

producing microbes, instead of dumping into
the landfills or treating them with high cost
chemical and physical method for further use.
The feather hydrolysate thus produced is
enriched in minerals and essential amino
acids like tryptophan, which act as the
precursor for indole acetic acid promoting the
root growth in plant. In addition to the plant
growth and regulation, the hydrolysed
keratinous material helps in nourishing the
soil and improving its quality.
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