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ABSTRACT: Keratin is the major structural fibrous protein present in hair wool, feathers, nails and horns of many animals. Keratin waste 

are considered as one of the major sources of pollutant generated from Poultry farm, slaughter house and leather industries. These wastes 

are either buried, dumped, used for landfills or incinerated leading to pose an environmental threat. Thus an alternative method for disposal 

and handling of keratin waste seeking an attention. An eco-friendly approach was sought to explore keratinolytic microorganism that has 

ability to degrade keratin waste. The utilization of keratinolytic microorganisms to degrade poultry feather has given a sustainable and 

alternative tool to use feather waste. This review focuses on the significance of keratin as important compound present in poultry waste 

and provides insight for degradation of waste using microorganism aids in developing technique for handling and management of keratin 

rich wastes. 

Index term - keratinase, poultry waste, biodegradation, keratin, pollutant.  

 

1. Introduction 

 

With the increase in human population the means for food is also been increased which results in the increase in amount of waste 

that is affecting environment and increasing the pollution. Various waste is been generated through various food industries, one of such 

industries are the poultry industries (Macedo et al., 2005; Kumar et al., 2019). The demand for the poultry products has been constantly 

increasing as it is the diverse component of food. As poultry products are good sources of protein, the nutritional benefits have been 

resulted in significant growth in their consumption (Cheng et al., 1995; Yu et al., 1968). However, the rising consumption of poultry 

products raises environmental concerns due to the accumulation of feather waste, which is the primary by products of the poultry industries 

(Isarankura et al., 2015; Kodak et al., 2019). 

90% of feathers are made up of keratin. The term ‘keratin’ refers to the insoluble proteins made up of intermediate filaments which 

are present in cytoplasmic epithelia and epidermal structures like hair, wool, horns, hooves, and nails (Jillian G. Rouse et al., 2010). 

Keratins are group of structural proteins are present in different types of tissues. There are 2 types of keratins "soft " and "hard" keratin. 

Soft keratin are cytoskeletal components found in epithelial tissues while defensive tissues like nails, hooves and hair are made out of hard 

keratin. Hard keratins are the subject of biomaterials for more than 3 decades (Brantley et al., 2010). Feather degrading microbes are the 

polyphyletic group related only by the ability to degrade feathers (Onifadeet al., 1998). Justifiably, poultry feather secures an incredible 

arrangement of possibly helpful protein and amino acids that could be gainfully outfit as creature feedstuff. This makes reusing of plume 

a subject of interest among creature nutritionists, due to its true capacity as a modest and option protein feedstuff. Notwithstanding, 

constraints to feather usage emerge from its helpless absorbability and low organic worth and the lacks of healthfully fundamental amino 

acids like methionine, lysine, histidine and tryptophan (Baker et al., 1981; Dalevet al., 1997 ; Papadopoulos et al., 1985).Studies have 

recommended that organic degradation of keratin waste is considered to be more efficient than the physical and compound strategies, 

yielding helpful results that have tremendous commercial applications (Chilakamarryet al .,2021). 

 

2. Keratin structure  

 

Keratins refers to a gathering of insoluble and fiber shaping proteins created in specific epithelial cells of vertebrates (Herrmann and 

Aebi 2004; Wang et al., 2016). Their structure contains higher amount of keratin in nails, hairs other different types of tissues. These 

keratinous materials, having a high content of cysteine that recognizes them from other proteins and they are normally sturdy, extreme and 
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inert to the regular habitat; they are expected to give mechanical help and different defensive capacities in the transformation of vertebrates 

to the outside climate (Fraser et al.,1976 ; Schweizer et al., 2006). Keratin filaments are hard to solubilize thus far it has not been imaginable 

to solidify an entire keratin or a mix of keratin polymers (Parry et al., 2007).  

Based on their structure, function and regulation keratins were divided into two groups: 1. “Hard” keratin, which form ordered 

filaments encased in a cysteine rich protein matrix and have a compact and hard structure. 2. “Soft” keratin, which forms loosely -packed 

filaments bundle and has the ability to provide elongation and tension relief (Donate et al., 2019; Coulombe et al., 2000). Because of their 

roll in forming intra or inter molecular disulphide bonds, the sulphur containing amino acids methionine and cysteine have more effect in 

this context. These disulphide bonds are produced by joining two amino acids sulfhydryl groups which functions enzymatically via 

sulfhydryl oxidase. Because of the importance of disulphide linkages in keratin structure, adaptive evolution of cysteine – rich proteins in 

animal hair and feathers (Hashimoto et al., 2000; Strasser et al., 2015). For a long time, the mechanical properties of keratin -based 

materials were unknown; nevertheless, their bond ability has been discovered and may be one of the reinforcing mechanisms have been 

identified. Keratin polymerizes into intermediate filaments with a central elongated helical domain; αhelical domain, flanked by a globular 

head (N-terminal) and by a tail (C -terminal) (Strasser et al., 2015; Fraser et al., 1972; Astbury et al., 1931). 

2.1Types of keratin 

2.1.1 Alpha keratin (α keratin)  

       All vertebrates have alpha keratin in their epithelial. Because of their resistance to microbial breakdown, the helix in alpha keratin is 

a hazard for the environment (Vandebergh et al., 2012; Kannahi and Ancy 2012). The strength, elasticity, toughness, insolubility and 

flexibility of alpha keratins in particular are remarkable. Hydrophobic amino acids like methionine, phenylalanine, valine, and alanine are 

important components in alpha keratin (Balakumar et al., 2013; Leninger et al., 1993). This protein is classified into hard and soft keratin 

based on its sulphur concentration (Lin et al., 1992). 

 
 Fig 1: Ball-and-stick model of the polypeptide chain, and a-helix showing the location of the hydrogen bonds (red ellipse) and the 0.51 

nm pitch of the helix (Wang et al., 2016). 

 

2.1.2. Beta keratin (β keratin)  

        The structural protein beta-keratin is found in reptiles and birds (Greenwold et al., 2013). Beta (β) keratin contains a high amount of 

cysteine, which quickly forms disulfide bonds, which increases stiffness and resistance to degradation (Kumawat et al., 2018; Strasser et 

al., 2015). About 80-90% of keratin is present in adult feathers. Individual keratin proteins normally have a molecular weight of 10-14 

kDa (Cai et al., 2009; Woodin and A. M 1956). 
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.  

Fig 2: Ball-and-stick model of the polypeptide chain, and illustration of the pleated beta-sheet (Wang et al., 2016). 

 

3. Significance of keratin protein: Keratin protein is present in the body’s surface and various interior organs. These tissues defend 

humans from a variety of environmental challenges including mechanical, cytotoxic, oxidative, and metabolic assaults and various other 

things (McLean et al., 2011; Szeverenyi et al., 2008; Omary et al., 2004). As a result, researchers are still working to figure out when, 

where and how keratins defensive functions appear. There is various significance that describes importance of keratin in human body. 

3.1Structural support: 

       In skin fragility and as the structural support of various tissues is the function of keratin protein... Mutation in K5/K4 and K1/K10, 

the keratin pairs expressed in the basal and suprabasal layers of the epidermis respectively, which causes epidermolysis bullosa simplex 

(EBS) and epidermolytic hyperkeratosis (EHK), which are characterized by cytolysis of keratinocytes and loss of structural integrity in 

the relevant epidermal layer (McLean et al., 2011; Coulombe et al., 2009; Chamcheu et al., 2011). Similarly transgenic mice producing a 

shortened, dominant negative K10 mutant protein or K10 R154C mutant develop EHK like lesion. Inactivating K10, on the other hand, 

causes hyper proliferation similar to EHK but no visible cell fragility in the epidermis (Arin et al., 2001; Reichelt et al., 2001). 

        Fragility phenotypes caused by keratin mutations are strongly linked to changes in the cytoskeleton’s micromechanical characteristics. 

Keratin filaments have unique intrinsic qualities, such as their ability to self organize into cross linked networks as well as their cell to cell 

connections and cell matrix junctions and also give support to actin and microtubules. (Pan et al., 2013; GU Et Al., 2007; Ma et al., 2001). 

3.2 Responses to stresses: 

       Internal organs are protected by keratin protein, despite the fact that they are unlikely to be subjected to mechanical stress to the same 

level as skin and other surface of the body. The liver for example is a metabolically active organ that helps to cleanse foreign substances. 

The ability of liver hepatocytes to phosphorylate in cis, K8 and K18 is crucial which withstand a wide range of metabolic, oxidative and 

chemical stress (Ku et al., 2007; Toivola et al., 2004). According to recent study, O-linked N-acetylglucosamine modification on K18 

increases the stress buffering ability. Keratins in the liver have a specific role. Indeed, when treated with streptozotocin, mice over 

expressing the human K18 S30/31/49A mutant which shows multi organ failure and higher mortality compared to controls (Toivola et al., 

2004; Wilhelmsen et al., 2005). 

4. Major sources of keratin: Keratin is a protein that comes from live organisms from their body components after they have been died. 

Feathers, wool, hair, hooves, seales and stratum corneum are the richest sources of keratin. Hair is byproduct of the haircutting process at 

tanneries (Kim et al., 2007; Cranstan et al., 1986). Human hair contains keratin protein which provides flexibility, strength and durability 

to the hair in various confirmations. The keratin protein content of the bird’s feather is approximately 90% and it is created as waste by 

the poultry processing industry (Wagner et al., 2005; Velasco et al., 2009). Human hair is a natural filamentous biomaterial that contains 

around 80% keratin protein. Hair accumulation generates a slew of environmental issues and is regarded as a waste protein. Feathers 

defend birds from the elements such as cold, rain, sun and injury. Keratin, a fibrous and insoluble structural protein made of helical coils 

bound together by disulphide bonds, makes up around 90% of the chicken feather (Kida et al. 1995; Gupchup et al., 1999). 
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They are mainly classified into 2 classes: 

4.1 Non waste sources: 

Non waste sources are those types of sources which do not require for degradation, it can be directly used for any desire product formation 

from that waste. 

4.1.1 Wool: Wool is the most widely used animal fibre in the fashion industry because of its great quality, durability and versality (Russell 

et al., 2016; Lebedyte et al., 2021). Wool has gained popularity as a high-performance speciality fibre with tunable qualities in recent years 

and it has grown increasingly important for brands in expanding their company portfolios and growing their revenue competitiveness in 

the market place (Murakami et al., 2017; Onifade et al., 1998). Mechanical wool recycling has long been compatible with open and closed 

loop models, but chemical recycling of wool is not. Protein fibres could open up a new world of possibilities for materials that cannot be 

mechanically recycled. As it does require to be decomposed it can be directly used for making various types of woolen clothes, bags etc 

(Payne et al., 2015; Weidemann et al., 2020). 

 

       4.2 Waste sources: 

 

       Industry has become an integral element of modern civilization and waste production is an unavoidable byproduct of growth. 

Commercial chicken processing factories, leather industries, textile industries, wool industries and slaughterhouses all produce large 

amounts of keratin waste. These wastes could end up posing a risk to human health or the environment (Saber et al., 2010; Kumavat et al., 

2018). 

 

4.2.1 Keratin waste from slaughterhouses: The meat business (slaughterhouses) generates a considerable amount of keratin waste in the 

form of chicken feathers, beaks, and a mixture of bones, organs and hard tissues. Keratinous wastes decompose slowly in nature and are 

therefore classified as hazardous wastes (Deydier et al., 2005; Sharma et al., 2016). Acidification of soils, eutrophication and a loss in 

species variety were all concerns caused by contaminated waste water created by such industries. So, it is important to remove this type 

of waste from the environment (Onifade et al., 1998; Kumawat et al., 2018). 

 

4.2.2 Keratin waste from leather industries: The leather industry is the most polluting industry. The leather processing industry has a 

negative impact on the environment (Kangaraj et al., 2006). Keratin wastes created in vast quantities by the leather industry comprise both 

solid and liquid waste, the majority of which is of animal origin (Mushahary et al., 2017; Wang et al., 1997). The leather industry discards 

a significant amount of keratin protein waste, such as hairs, horns and hoofs. Tannery industries discharge wastes that pollute the air, soil 

and water causing major health problems (Syed et al., 2010; Onifade et al., 1998). 

 

4.2.3 Keratin waste from barber shops: Barbershops and hair salons are also major sources of keratin contamination. Human hair is 

regarded as environmental pollutants and is commonly found in municipal garbage around the world (Kumar et al., 2009). It frequently 

collects in considerable volumes as solid waste in urban areas, clogging drainage systems. Hair is thrown away in nature in rural places, 

where it decomposes over several years. Hair dust is produced by open hair dumps, which causes discomfort to those who live in these 

locations and if inhaled in significant amounts, can cause a variety of respiratory ailments (Adetola et al., 2014; Bishmi et al., 2015). 

 

  4.2.4 Keratin waste from the poultry industry: Feathers from chicken created as a waste byproduct of the poultry processing factory 

in   vast quantities. Around 8.5 billion tonnes of poultry feathers are produced annually worldwide with India contributing 350 million 

tonnes. The accumulation of chicken feathers will contaminate the ecosystem (Mohamedin and A. H., 1999; Huda et al., 2008). Chicken 

feathers pollute the environment and have a negative impact on the lives of those who live in surrounding areas (Williams et al., 1991; 

Gerber et al., 2007). Major wastes of poultry industries are the feathers, it comprises of about 7-10% of the body weight of the chicken. 

The quantity of solid waste generated in India from 823.5 million chicken weighing 2kg each would be nearly 140 million kg (Khardenavis 

et al., 2009; Agarhari and Washes. 2010). 

              Between 2015-2017, India’s chicken meat production increased by about 6% which produces about 350 million tonnes of 

keratinolytic waste in the form of feathers. Because of their abundance, high mechanical stability, resistive character and inadequate 

management, the demand for poultry products in the food sector produces a considerable amount of waste, particularly feathers which 

have become one of the principal pollutants that accumulate in the nature (Pandey et al., 2019; Sharma et al., 2019). Throughout the world, 

poultry feathers and other keratin containing waste are discarded, buried, used for land filling or incinerated and all these actions increase 

the threats of environmental hazards, pollution, negatively influence the public health and increase greenhouse gases concentration 

(Kumawat et al., 2018; Williams et al., 1991). These practices pollute the soil, water and air. Human diseases such as chlorosis and poultry 

cholera are also spread via discarded feathers (Agrahari et al., 2010; Manirujjaman et al., 2016). 

             Feathers are mostly made up of keratin which is 90% of the weight of the feather component. Individual keratin proteins normally 

have a molecular weight of 10-14 kDa. This property has turned feather waste valuable resources for recycling purposes which is both 

environmentally friendly and profitable (Cao et al.,2012). Management of this poultry waste is one the major concerns and it also results 

in environmental pollution and protein wastage. Hence there is a need for this feather waste management by ecofriendly methods (Lateef. 

2010; Barone and Schmidt. 2005). 
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5. Degradation methods of keratin: 

       The handling of keratin waste created in the poultry, leather and barber shops is a major challenge for many countries across the world 

(Schmidt et al., 2014; Lateef et al., 2010). In order to increase the digestibility of feathers, a variety of approaches have been researched 

in recent years including physical, Chemical and biological treatments (Papadopoulos and M. C 1989; Staron et al., 2017). 

5.1Physical method: For the degradation of keratin wastes, the hydrothermal process typically uses high temperature (80-140* C) and 

high steam pressure (10-15 psi) with the addition of acids or bases (Karthikeyan et al., 2007; Onuoha SC and Chukwura EI 2011). This 

process requires a lot of energy and the use of acids (HCl) or bases (NaOH) to break keratin peptide bonds (Coward-Kelly et al., 2006). 

 Feather breakdown needed a longer period of time (16 hours) due to hydrothermal hydrolysis. Because of numerous disulfide 

linkages, keratin protein cannot be destroyed by trypsin, pepsin or papain in its natural condition (Onifade et al., 1998; Gousterova et al., 

2005). Thermal processing is used to dispose of keratin waste in accordance with health requirements. The ash that is produced as a result 

of this process is high in macronutrients and micronutrients. These ingredients have a lot of fertilization potential (Staron et al., 2017; Syed 

et al., 2010). Recent, hydrothermal treatment procedures are expensive, because they degrade amino acids while it also includes non-

nutritive amino acids such as lanthionine and lysinoalanine (Tiwari et al., 2012; Brandelli et al., 2015). 

5.2 Chemical method: The chemical hydrolysis process of keratin wastes is based on the chemicals (acids, base, and catalyst). Chemical 

hydrolysis requires more aggressive conditions of the reaction (high temperature and pressure) and carries a greater risk to the environment 

(Staron et al., 2014; Kornillowicz et al., 2011). Chemical hydrolysis is a faster and more efficient, although it results in the loss of certain 

amino acids such as tryptophan (Darah et al., 2013; Mokrejs et al., 2011). Chemical processes need more time, chemicals and energy to 

process, as well as expensive industrial equipment, because it’s containing small amounts of essential amino acids and the product has a 

low nutritional value. The hydrolysates solubility and stability are determined by the degree of protein breakdown (Coward et al., 2006; 

Chojnacka et al., 2011). The chemical hydrolysis process causes respiratory disorders, cardiovascular diseases and cancer among other 

maladies by increasing the release of specific gases such as CO and SO2 into the atmosphere (Gupta et al., 2006; Tridico et al., 2014). As 

a result, biotechnological and environmentally acceptable options to keratin waste recycling are urgently needed (Kumawat et al., 2018). 

5.3 Biological method: Microorganisms produce Keratinase enzyme, which could be used to transform keratin waste in nutrient rich 

animal feed (Kornillowicz et al., 2011; Singh et al., 2015). Only a few microbes use keratin as a source of nutritional substrate for growth 

through enzymatic digestion. Keratinopholic micro flora is the organisms which degrades keratin and uses keratin (Riffel et al., 2003; 

Anbu et al., 2008). Biodegradation occurs when keratinolytic bacteria attack keratin substrates in or on soil (Kim et al., 2007: Rouse et al., 

2010). 

5.3.1Degradation of keratin containing waste by thermoactinomycetes or by alkaline hydrolysis: Local sheep skin and fleece were 

picked as a model combination of collagen and keratin squanders disposed of by the cowhide and fur enterprises. Reasonable circumstances 

were found for hydrolysis of this combination by four recently disconnected thermoactinomycetes strains. One more arrangement of 

investigations was completed utilizing basic hydrolysis of keratin squanders. It was shown that microbial hydrolysates contained 

dominatingly low sub-atomic peptides and amino acids, including fundamental ones, while the basic hydrolysis created transcendently 

peptides of higher sub-atomic weight (Gousterovaet al., 2005). 

5.3.2Degradation of different keratinous wastes by the fungi: For concentrating on the biodegradation of various keratinous material, 

the keratinous squanders (chicken plume, duck feather, goose feather, turkey feather, sheep fleece, goat hair and bison horn) were divided 

into pieces with around 1 cm long and added to the maturation media as a sole wellspring of carbon and nitrogen rather than poultry feather 

powder. These sources were added independently to the aging media at 0.5, 1.0, 1.5 and 2% w/v. All other ideal circumstances were 

utilized. Keratinase movement and the percent of keratinous squander not set in stone after hatching (Saber et al., 2010). 

5.3.3 Degradation of keratin by mutant strain of bacillus subtilis: Another keratin degrading bacterium was confined from a 

neighborhood feather squander site and recognized as Bacillus subtilis in view of morphological, physiochemical, and phylogenetic 

qualities. Evaluating for freaks with raised keratinolytic movement utilizing N-methyl-N′-nitro-N-nitrosoguanidine mutagenesis brought 

about a freak strain KD-N2 delivering keratinolytic action around 2.5 times that of the wild-type strain. The freak strain created inducible 

Keratinase in various substrates of plumes, hair, fleece and silk under lowered development. Examining electron microscopy studies 

showed the corruption of plumes, hair and silk by the Keratinase. The ideal circumstances for Keratinase creation incorporate introductory 

pH of 7.5, inoculums size of 2% (v/v), time of inoculums of 16 h, and development at 23 °C. The greatest keratinolytic action of KD-N2 

was accomplished after 30 h. Fundamental amino acids like threonine, valine, methionine as well as smelling salts were created when 

quills were utilized as substrates (Caiet al., 2008).  

6. Application of Keratinase enzyme 

6.1Keratinases for cosmetic application: In superficial applications, Keratinase have been tried to foster cream definitions for evacuation 

of hair and treatment of skin or hair. It was depicted that keratinase from Bacillus subtilis DP1 showed similarity with the cream definition, 

bringing about fruitful hair expulsion from hare ears. In another cosmetic measure, Keratinase from Bacillus subtilis AMR was assessed 
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for the development of keratin hydrolysates to be consolidated in a cleanser plan for hair hydration. The capability of Keratinase for 

treating skin inflammation, corn and for callus expulsion was additionally proposed (de Menezes et al., 2021). 

6.2Keratinases for pharmaceutical application: In drug preparation, Keratinase have been tried for degrading of keratinous material to 

get the next level of medication entrance and conceivably for application in the treatment of nail sickness. In tests by utilizing silver 

nanoparticles (AgNPs) immobilized with β-Keratinase, it was noticed that β-Keratinase may upgrade the bactericidal action of AgNPs 

(Mohorcicet al., 2007). 

 

6.3Keratinases for biogas production:  Anaerobic absorption is a promising organic interaction for sustainable power creation from an 

assortment of waste substrates, like plumes. The anaerobic corruption of feathers generally happens at thermophilic or mesophilic 

conditions, ordinarily with combinations of different kinds of waste (excrement, blended bone portions and offal). These materials are 

hydrolyzed to amino acids, which are then changed over into natural acids, smelling salts, carbon dioxide, hydrogen and minor measures 

of sulfur compounds. Among them, acidic corrosive, carbon dioxide and hydrogen are fundamental for methane creation (Vidmar, B., & 

Vodovniket al., 2018). 

6.4 Keratinase as a biofertilizer: The global demand for food is driving increasing the use of synthetic fertilizers, which are primarily 

used to increase the availability of nitrogen (N) in the soil, which is the most important nutrient for plant growth. As an alternative, biomass 

from plants and animals, such as feathers, is abundant nitrogen sources that could be employed as biofertilizer to limit the overuse of 

conventional insecticides in agriculture fertilizer that is organic (Da Silva et al., 2018). 

6.5 Other potential application of keratinases: Recent reports have suggested the use of Keratinase for removal of wool from cattle, 

sheep and goats. Wool are recalcitrant deposits made up of biological waste such as faeces and urine, hair, mud, urine, feed and straw 

.Their removal from the animal prior to slaughter can help to limit the amount of meat consumed microbiological contamination of meat 

and leather skin deterioration .The usage of Keratinase can make wool interactions with other proteins weaker animal hair, as well as 

facilitating the entry of other enzymes like Cellulase, xylanase, lipase, laccase to the wool, with a preference for washing to get rid of it 

(Navone and Speight 2019). The improvement in vitamin B1, B2 and B12 creation by Saccharomyces cerevisiae ATCC 64712, through 

culture medium supplementation with jackass hair hydrolysates, was detailed (Hassan et al., 2020). In the material business, Keratinase 

can be utilized for treatment of fleece textures, working on their hydrophilicity, coloring and shrinkage properties (Gunes et al., 2018). 

7. Future prospects: 

Microorganisms have been seriously considered and pointed as important hotspots for creation of different chemicals. The bioprocessing 

of keratin waste can add to take care of natural issues connected with their removal, setting out open doors for the use of Keratinase 

furthermore protein hydrolysates in agricultural business, animal feed, cosmetics and pharmaceuticals and many others. Despite the fact 

that several study report the effective creation, purification also utilization of Keratinase on a research center scale, it is still important to 

take advantage of new procedures to work on supportive production of yields to fulfill the expanding modern requests. In this way, 

metagenomics, protein designing also heterologous gene expression studies are fundamental to grow findings on these chemicals and 

advance their supportive of production at large scale. 

8. Conclusion: 

       Due to poor control, poultry waste particularly feathers have become one of the significant toxins. Normal feather degradation reduces 

the general nature of proteins and changes the fundamental structure of amino acids. Biodegradation of feathers is viewed as a productive, 

financially effective, and environmentally friendly method for bioconversion of feathers waste into helpful items. The utilization of 

keratinolytic microorganisms to debase poultry feather has arisen as a manageable and elective instrument to meet this challenge. 
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