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Abstract 

A vast variety of bacteria, actinomycetes and fungi are known to be keratin degraders. The current 

study is being done to screen organisms possessing keratinolytic activity for the biodegradation of feather 

waste generates in poultry farms and industries, thereby helping in bioremediation. In the current study, the 

soil samples were collected from three different poultry farms in Kattankulathur, Chengalpattu district, 

Tamil Nadu, India. Totally nine bacterial organisms and five fungal organisms were isolated and screened 

for keratinolytic activity. The zone of hydrolysis ranged from 5mm to 11 mm for bacteria and 6.6 mm 

to 14 mm for fungi respectively. The bacterial isolates were identified as Serratia sp.1, Bacillus sp.1, 

Pseudomonas sp.1, Serratia sp.2, Pseudomonas sp.2, Bacillus sp.2, Bacillus sp.3, Pseudomonas sp.3 and 

Proteus sp. The fungal cultures were identified as Penicillium sp, Aspergillus niger, Rhizopus sp. and 

Aspergillus fumigates. The results of feather degradation study showed that Bacillus sp. 3 showed 61.90% 

feather degradation and Aspergillus niger showed 52.38% feather degradation respectively. The keratinase 

enzyme activity was found to be 15.20 U/ml/min for Bacillus sp. 3 and 8.00 U/ml/min for Aspergillus niger. 

Among the isolates, Bacillus sp. 3 was found to be effective in the production of keratinase enzyme. The 

problem of poultry wastes may be overcome by using such potential bacterial strains like Bacillus sp. and 

isolated enzyme could be used to improve digestibility of feather meal. 
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INTRODUCTION 

            Keratin is an insoluble protein macromolecule with very high stability and low degradation rate. The 

polypeptide of keratin is densely packed which is strongly stabilized by several hydrogen bonds and 

hydrophobic interactions. Furthermore, cross-linking of protein chains resulted by disulfide bonds are also 

responsible for its high degree of recalcitrance in degradation processes (Brandelli et al. 2010). It has a 

strong stability against chemical reagents such as acids, alkalis and common proteolytic enzymes like 

trypsin, papain and pepsin (Mabrouk 2008), and it represents the main constituents of the skin of vertebrates 

and appendages such as nails, hair, feathers, and wool (Chojnacka et al., 2011). 

              Worldwide, feathers are produced from poultry-processing plants in excess of 5 million tons per 

year as a waste product (Poole et al. 2009). The population of the world has exceeded 7 billion and it is well 

surveyed data suggested in that more than half of this population are falling under the non-vegetarian 

category. 

                In this context chicken is the most acceptable non vegetarian item around the globe for their meat 

and eggs to fulfil a huge demand of food habit for the non-vegetarian population. Around 24 billion 

chickens per year are killed across the world to fulfil non-vegetarian food demand and as an outcome a huge 

feather waste are generating around the world annually. 

                  Feathers are made up primarily of keratin, which is also found in the claws and armour of 

reptiles and the hooves, horns, hide, hair and nails of mammals. The day by day increase in consumption of 

meat received from chicken is causing harsh effect to environment, as the waste from the chicken birds; 

more particularly the feather is not properly treated. While in nature, the deterioration of feather is slow, 

generating sulphurous compounds, causing environmental problem. Feathers are usually discarded as waste 

in garbage or ploughed into the field; however, soils rich in keratin residues constitute a permanent or 

occasional reservoir for dermatophytes and other keratinophilic fungi (Anbu et al. 2004) 

              High protein content of keratin waste can be used as a good source of protein and amino acids by 

systemic recycling. Recycling of feather can provide a cheap and alternative protein feed stuff. Further this 

can be used for animal feed and for many other purposes. However, poor digestibility of keratin is a 

problem in recycling (Takami et al., 1998). At present, feathers are converted to feather meal, a digestible 

dietary protein for animals, using physical and chemical treatments. The processing of feather meal destroys 

certain amino acids and influences protein quality and digestibility (Onifade et al., 1998). 

                  Keratin, by virtue of its insolubility and resistance to proteolytic enzymes, is not attacked by 

most living organisms. Nevertheless, keratin does not accumulate in nature and, therefore, biological 

agencies may be presumed to accomplish its removal. Several insects, including clothes moth larvae, carpet 

beetles and chewing lice are known to digest keratin. The common occurrence in nature of microorganisms 

that readily and, in some cases, preferably grow on keratinaceous substrates has supported the general belief 

that certain microorganisms can digest keratin (Noval and Nickerson, 1959). 
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               Microorganisms which produce keratinolytic protease may have important use in hydrolysis of 

keratin-containing wastes from leather and poultry industries. That represents an attractive alternative 

method for efficient bioconversion and improving the nutritional value of keratin wastes by developing 

economically and environmentally friendly. 

A vast variety of bacteria, actinomycetes and fungi are known to be keratin degraders. Kertinase 

which are produced by these keratinolytic organisms could be used to degrade feather waste and further the 

digested products could be an excellent material for producing animal feed, fertilizers or natural gas. 

Utilising poultry feathers as a fermentation substrate in conjuction with keratin degrading microorganisms 

and enzymatic degradation may be better alternative to improve the nutritional value of poultry feathers and 

reduce environmental waste. Keratinase has emerging application in de-hairing process in leather industry 

instead of sodium sulphides. 

                    The present study was aimed to isolate, identify and characterize the keratin degrading 

microorganisms from poultry farm soil and study their feather degradation potential. 

MATERIALS AND METHODS 

COLLECTION OF SAMPLES 

                    Soil samples were collected in sterilized sampling bottles from regular feather dumping site 

of three different poultry farms located in Kattankulathur, Chengalpattu district, Tamil Nadu, India. The 

chicken feather also collected in plastic bags and processed for further study.  

PREPARATION OF FEATHER MEAL BROTH 

                     Chicken feathers were washed thoroughly with tap water and dried. The dried feathers 

were defatted by soaking in diethyl ether for 24 hrs, and washed thoroughly with tap water and distilled 

water, air dried and cut into small pieces before autoclaving, the processed feathers referred as 

Feather meal. The medium used for keratinase production contained the following constituents (g/100 

ml.) – Feather meal 5gm, NaCl 0.005, K2HPO4 0.038, KH2PO4 0.04, MgCl2.6H2O 0.02, Yeast extract 

0.01, pH 7.5. 

ISOLATION OF KERATINOLYTIC BACTERIA (Manju, 2012) 

                           A ten-fold serial dilution from each sample was prepared by adding 1 g of the soil sample to 

the 9 ml of sterile distilled water. The diluted water sample plated on Nutrient Agar medium and Incubated 

at 35°C for 24 hours. The well appeared colonies were streaked on agar slant for further purification 

and identification. 

ISOLATION OF KERATINOLYTIC FUNGI (Sharma and Rajak, 2003) 

                   The keratinophilic fungi were isolated using ‘hair baiting techniques’. In this technique, sterile 

petriplates were half filled with soil and short strand of sterilized chicken feathers were spread over the 

surface of soil. About 10-12 ml sterile water added to petriplates for the facilitation of fungal spores to 

germinate. Petriplates were incubated at 30°C for 3-4 weeks. After incubation, the colonies were observed 
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on surface of feathers, were picked up and grown on Potato Dextrose agar, for purification and 

identification. 

SCREENING OF KERATINOLYTIC BACTERIA ON SKIM MILK AGAR 

             Each bacterial isolates were streaked on skimmed milk agar plates for selection of protease 

producing bacteria, as per the method described earlier (Zerdanillham et al., 2004). The petri plates 

were incubated at 30°C for 24 hours. The isolated bacterial colonies showing zone of clearance 

on skimmed milk agar were selected for further studies. 

SCREENING OF KERATINOLYTIC FUNGI ON SKIM MILK AGAR  

           The method of Riffel and Brandelli (2006) was followed for primary screening of proteolytic 

activity of fungi. Fungi were inoculated onto milk agar plates and incubated for 3, 6, 9 and 12 days for 28 ± 

2°C. Fungal strains that produced clearing zone in this medium were selected for further studies. 

IDENTIFICATION OF BACTERIAL ISOLATES 

           The characteristic bacterial colonies appeared on each plate were further confirmed by 

performing morphological, cultural and biochemical tests (Cheesbrough, 2000). The bacterial isolates were 

identified by comparing their characteristics with those of known taxan as outlined in Bergey’s Manual of 

systematic Bacteriology (Holt, 1994) and ABIS online-Bacterial identification. 

IDENTIFICATION OF FUNGAL ISOLATES 

            The fungal isolates were characterized based  on thei r  colonia l  and  cel lula r  morphology. The 

colonial morphology of the isolates was observed macroscopically and characteristics such as colour of 

mycelia and spores, shape and surface texture were noted. T h e  i s o l a t e s  w e r e  t h e n  o b s e r v e d  

microscopically under light microscope for their cellular morphology using Lacto Phenol Cotton Blue 

method. 

DETERMINATION OF FEATHER DEGRADATION BY BACTERIAL AND FUNGAL ISOLATES  

        The feather degradation was studied according to the method described by Kumar et al.  

(2012). Each bacterial and fungal isolates (10 ml of 24 hour culture) were inoculated in feather 

meal broth with 1% feathers as the sole source of carbon and incubated on rotary shaker for one 

week. After one week the residual feathers remained was determined gravimetrically by filtering the 

culture broth and taking the weight of filter paper before and after filtration. Percent reduction of 

feathers was calculated from the difference in the initial weight and weight obtained after one 

week of incubation. 

                % reduction of feathers = Initial weight - Final weight   X 100 

                                                                     Initial weight  
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PRODUCTION OF KERATINASE ENZYME BY POTENTIAL FEATHER DEGRADING 

ISOLATES 

           Cultivation of the potential isolates was performed using  

250 ml Erlenmeyer flask containing 90 ml of Feather meal  

broth medium. 10ml of overnight grown culture of each  

isolate were inoculated and incubated on rotary shaker at 150 rpm for 7 days. Control was feather meal 

broth without any inoculum. Growth was observed for visible turbidity and degradation of feather was 

visually observed. 

EXTRACTION OF ENZYME  

           The culture medium was filtered through WhatmannNo.1 Filter paper to remove un-

degraded residues. The filtrate was then subjected to centrifugation at 10,000 rpm for 10 min to 

remove bacterial and fungal residue. After centrifugation  keratinase activity was determined in 

supernatant. 

 

DETERMINATION OF KERATINASE ACTIVITY  

Preparation of DMSO-solubilized Keratin (Wawrzkiewics et al., 1987)  

            Washed chicken feathers were finely chopped with scissors into powder form. 5 grams of feather 

powder was weighed using digital balance and suspended in 250 ml DMSO contained in a 500 ml glass 

beaker. This suspension was heated in a hot air oven at 100oC, for 2 hours, with intermittent mixing. Soluble 

keratin was precipitated by addition of 500ml acetone at -70oC, for 2 hours. Centrifugation was carried out 

at 10,000 rpm for 15 minutes. The supernatant was discarded and the precipitate was washed twice with 

distilled water and dried at 40oC in a vacuum drying. 1 gram of precipitate was weighed and dissolved in 20 

ml of 0.05 N NaOH. The pH of this solution was adjusted to 8 using 0.1 mol/L Tris HCl.  

Keratinase Assay (Cai et al., 2008) 

 1 ml of crude enzyme (culture supernatant) was reacted with 1 ml of the keratin solution in a water 

bath at 50oC with shaking for 10 minutes. The reaction was then stopped by addition of equal volume of 

20% trichloroacetic acid. The precipitate was removed by centrifugation at 10,000 rpm for 15 minutes and 

the optical density of the supernatant was taken at 280 nm. One unit of keratinase activity was defined as an 

increase in the corrected absorbance (A280) by 0.01units with respect to a control, per ml per minute under 

the conditions described above.  

 It was calculated as: 

 U = 4×n×A280/ (0.01×10),  

Where n is the dilution rate; 4 is the final reaction volume (ml); 10 is the incubation time (min). 

STATISTICAL ANALYSIS 

                 All the above assays were conducted in duplicate and repeated thrice for consistency of results 

and statistical purpose.  
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RESULTS AND DISCUSSIONS 

In recent years, the potentials of using microorganisms as biotechnological sources of industrially 

relevant enzymes have stimulated interest in the exploration of extracellular enzymatic activity in several 

microorganisms. 

Feather is generated in bulk quantities as a by-product in the poultry industry globally. In recent 

years, feather treated with microbial keratinase is attracting wide attention with several applications. 

Keratinase-treated feather is increasingly considered as a viable source of dietary protein in food and feed 

supplements, as the enzyme-treated end product retained high nutritive value. Keratinases are projected 

to generate a potential worldwide market similar to other proteases. Thus, the present study is a step 

forward in the isolation and characterization of feather degrading microorganisms from poultry dumping 

soil and production of indigenous keratinase enzyme. 

              In the current study, the soil samples and chicken feathers were collected from three different 

poultry farms in Kattankulathur, Chengalpattu district, Tamil Nadu, India. Using chicken feathers, 

Feather meal broth was prepared for further studies (Plate I). Many researchers have worked on isolation 

and characterization of microbes from poultry processing wastes and shown to degrade feathers, hair or 

wool (Godbole et al., 2017; Iruolaje et al., 2016; Patrawala et al., 2017). 

Each soil sample was subjected to serial dilution and plated on nutrient agar plates. Totally nine 

bacterial organisms were isolated from soil samples i.e three isolates from each soil sample. They were 

designated as KB1, KB2, KB3, KB4, KB5, KB6, KB7, KB8 and KB9 respectively. 

Each soil sample was subjected to ‘hair baiting techniques’ for the isolation of keratinophilic 

fungi (Plate II). The fungal colonies observed on surface of feathers, were picked up and grown on Potato 

Dextrose agar, for purification and identification. Totally five fungal organisms were isolated from soil 

samples. They were designated as KF1, KF2, KF3, KF4 and KF5 respectively. 

All the isolates were screened for keratinolytic activity on the Casein agar plates. The organisms 

producing zone of hydrolysis on casein agar plates were considered as keratinolytic organisms. For 

bacteria, the zone was measured and tabulated (Plate III, Table 1). The zone ranged from 5mm to 11 

mm respectively. Isolate KB3 and KB7 showed maximum zone of clearance of 10.3 ± 0.5 mm and 11 

± 1, whereas KB5 showed least zone clearance of 5 mm respectively.  

All the isolated fungi except KF5 showed zone of clearance on media around its growth. The 

zone was measured and tabulated (Plate IV, Table 2). The zone ranged from 6.6 mm to 14 mm 

respectively. Isolate KF2 showed maximum zone of clearance of 14 ± 1 mm, whereas KF3 showed 

least zone clearance of 6.6 ± 0.5 mm respectively. In earlier studies, many researchers used Casein agar 

plates for screening of keratinolytic microbes (Jitendra kumar and Kushwaha, 2014; Joshi et al., 2007; 

Tamilmani et al., 2008). 

 

http://www.ijcrt.org/


www.ijcspub.org                                          © 2022 IJCSPUB | Volume 12, Issue 1 February 2022 | ISSN: 2250-1770 

IJCSPAA20022 International Journal of Current Science (IJCSPUB) www.ijcspub.org 162 
 

According to the Bergey's Manual of Determinative Bacteriology and ABIS online bacterial 

identification, the nine bacterial isolates were identified as Serratia sp.1, Bacillus sp.1, Pseudomonas sp.1, 

Serratia sp.2, Pseudomonas sp.2, Bacillus sp.2, Bacillus sp.3, Pseudomonas sp.3 and Proteus sp ( Plate V). 

Most of the studies on isolation of keratinolytic organisms have resulted in isolation of Bacillus sp 

(Suntornsuk et al., 2004; Łaba and Wicz, 2009). Out of nine bacterial isolates, three isolates have been 

identified as Bacillus sp. as also reported by others (Vigneshwaran et al., 2010; Femi-Ola et al., 2015). In 

our study three bacterial isolates have been found to be gram positive, whereas others (Kulkarni and Jadhav, 

2014) have reported keratinolytic activity by gram negative bacteria. The four fungal cultures isolated by 

bait technique were identified as Penicillium sp, Aspergillus niger, Rhizopus sp. and Aspergillus fumigates 

The characteristics of the fungal isolates were depicted in Table 3 and Plate VI. Ashwathanarayana et al. 

(2015) determined the keratinolytic potential of the keratinolytic fungi by the release of protein by utilizing 

feather keratin. Regina et al. (1996) stated that Aspergillus fumigatus can utilize chicken feather keratin as 

its sole carbon and nitrogen source. 

The results of feather degradation by bacterial and fungal isolates were calculated and tabulated 

(Table 4, Table 5 and Plate VII). The results showed that Bacillus sp. 3 was the most effective and showed 

61.90% feather degradation. It is followed by Pseudomonas sp. 2 (50.47%). The least feather degradation 

was observed in Proteus sp. (23.80%). 

Among the fungal organisms, Aspergillus niger was found to be effective and showed 52.38% 

feather degradation which is followed by Aspergillus fumigates (38.09%) respectively. The least feather 

degradation was observed in Penicillium sp. (07.61%). 

Based on the above results, the bacteria Bacillus sp. 3 and fungi Aspergillus niger were selected for 

further study. Degradation of keratin-rich material in nature is the result of cooperation of bacteria and other 

microorganisms (Lange et al., 2016). Feather degradation by bacteria is more common in Gram positive 

bacteria (particularly in the Bacillus genus) (Onifade et al., 1998) and is less common in Gram-negative 

bacteria (Cao et al., 2009). The Keratinolytic activity of crude enzyme was confirmed because the activity 

of enzyme on the feather was visibly degraded with the formation of soluble feather product and reduction 

in weight (Moreira et al., 2007). Bacteria and fungi exhibit different mechanisms for keratin degradation 

while their keratinases are able to cleave the polyproteins. In addition to sulfitolysis and proteolysis, 

mechanical destruction plays important roles in keratin degradation by fungi (Korniłłowicz-Kowalska and 

Bohacz, 2011). 

In the present study, the bacterial isolate Bacillus sp. 3 and fungal isolate Aspergillus niger were 

subjected to keratinase enzyme production (Plate VIII). The keratinase enzyme activity was found to be 

15.20 U/ml/min for Bacillus sp. 3 and 8.00 U/ml/min for Aspergillus niger (Table 6). Among the isolates, 

Bacillus sp. 3 was found to be effective in the production of keratinase enzyme. 

Shankar et al. (2014) optimized keratinase production by B. cereus and the maximum activity 

reported by them was 63.01 U/ml. Sivakumar et al. (2011) also reported the maximum keratinase 
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production of about 60.67 U/ml by B. cereus. Bacillus species are one of the best keratinase producers with 

higher capacity production of this enzyme, among other producers (about 20 to 25 grams per liter) (Cai and 

Zheng, 2009). A number of researchers like Femi-Ola and colleagues (2015), Deivasigamani and his 

colleagues (2008), Mehta and colleagues (2013) isolated several species of Bacillus from the soil or poultry 

waste with the ability to produce keratinases. 

From the results, we can conclude that the soil contaminated with the poultry wastes is a rich source 

of bacteria which are able to hydrolyze keratin. The problem of poultry wastes may be overcome by using 

such potential bacterial strains like Bacillus sp. and isolated enzyme could be used to improve digestibility 

of feather meal. 

CONCLUSIONS 

 Keratin, which is one of the most abundant hard materials in soil, is difficult to degrade 

under natural conditions. However, microbial degradation is an easier and less expensive method for 

conversion of these products to useful end products. We conclude that keratinase from Bacillus sp. could be 

used to degrade poultry wastes. For the evaluation of biotechnological application of keratinase, however 

require more detailed understanding of the factors that enable this enzyme for complete degradation of 

native keratinase substrate. Therefore additional research will need to done for purification, characterization 

of keratinase, studying kinetics of enzymes, testing from various range of substrate, effect of inhibitors, and 

inducer on enzyme activity, submerged state fermentation for large scale production of keratinase. Further 

studies can be focused on whether consortium of bacteria and fungi can be utilized for feather degradation, 

rather than individual cultures for enhanced keratinolytic activity. 
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