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Abstract: In past few years, the world has experienced a high rise in the market of poultry industry. This 

industry has added a non degradable feather waste to the environment on very large scale. This feather is even 

not degraded by the enzymes such as Trypsin, Pepsin and has become a global issue. Use of microorganisms in 

feather degradation is a trending and eco-friendly solution. The ultimate aim of the current study was to degrade 

feather using keratinolytic bacteria. Bacteria were isolated and screened from the soil samples collected from the 

dumping yards of chicken shops, poultry farm and feather waste collected areas. Among them isolate C1B is 

gram positive, rod shaped, endospore forming bacterial species, morphological and biochemical identification 

showed that isolate C1B was Bacillus species. It was found that the bacterium had the efficiency of degrading 

84.5% of feather within 72hrs. The bacteria used feather keratin as a principal source of carbon, nitrogen, sulphur 

and energy. The present study would highlight the degradation of feather waste using bacteria. 
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1. INTRODUCTION: 

Poultry is a highly upright incorporated food industry in India and matches the competence level of many 

western countries. Throughout the year 2016-17 the poultry meat production in the nation has recorded to almost 

3.46 million tons (www.mofpi.nic.in). worldwide about 2 million tons of feathers are expel out per annum as a 

waste product from poultry industry (Verma et.al., 2017) Due to uncared for management, poultry waste 

especially feathers have become one of the problematic pollutants due to their recalcitrant nature (Khardenavis et 

al., 2009). 

Chicken feathers include nutrients around 91% keratin protein, 1% lipids, and 8% water. The amino acid 

principally composed of Cystine, Glutamine, Proline and Serine. 16% Serine is the most abundantly present 

amino acid. However almost lysine, tryptophan, histidine, glutamic acid and glycine are absent (Kannappan and 

Bharathi, 2012) 

The most common methods used for chicken feather discarding is burning and dissolution by chemical 

treatments (Cai et.al, 2008). Traditional feather deprivation methods such as hydrolysis by using alkali and 

cooking by steam pressure consume large amount of energy and reduces the quality of proteins (Papadopoulos 

et.al., 1986 and Yamamura et.al., 2002). These methods demolish vital amino acids such as lysine, Tryptophan, 
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Methionine and produces low nutritive amino acids such as lanthionine, lysinoalanine etc ( Latshaw et.al.,1994; 

and Wang X and Parsons 1997).  

Feathers mainly constitute with Keratin protein which is a extensively cross-linked by disulphide bonds, 

hydrogen bonding and hydrophobic interaction, fibrous and insoluble structural protein and thus becomes 

mechanically stable and extremely resistant to biodegradation by common proteases enzymes (Ramnani et al., 

2005; Thys et al.,2004).  

 Keratinases enzymes are proteolytic in nature and plays very important role for hydrolyzing keratin 

containing substrate such as feathers, hair and collagen (Godfrey and West, 1996). Many bacteria and fungi have 

been reported for process of keratin degradation. These keratinolytic micro-organisms include Bacillus sp, 

Micrococcus sp, Actinomycetes sp; Clostridium sp etc present in different ecological conditions and solubilize 

keratin containing substrates on their own preferences. Feather Keratin degrading fungi include many 

dermatophytic and non-dermatophytic fungi (Kushwaha 1983 and Ulfig et al., 1996). 

Bacterial strains produce enzymes which degrade the beta-keratin in specifically found in feathers. The 

enzymes make it feasible for the bacteria to obtain carbon, nitrogen sulfur, and energy for their growth and 

proper maintenance from the degradation of beta-keratin. Employment of keratinolytic microorganisms for 

feather degradation is an inexpensive, environmentally safe alternative. Keratinases produced from bacteria 

convert the insoluble chicken feather keratin to soluble digestible product could be a tremendous material for 

preparation of fertilizer, animal feed and natural gas (Joshi et al., 2007) 

The present study is focused on the isolation and identification of a feather degrading bacteria from 

poultry chicken feather waste contaminated soil around the Barshi region Maharashatra, India. Therefore 

suggesting substitute method for the disposal of the chicken feather waste.   

 

2. MATERIALS AND METHODS: 

 2.1 Collection of soil samples:    

 The soil samples were collected from different locations of a regular poultry feather waste dumping site 

near Chicken Shops from Barshi town region. The samples were kept under in sampling bags and carried 

immediately to the laboratory and subjected for further study.  

2.2 Enrichment:  

 Whole feather broth medium that composed of (Feather-5, K2HPO4- - 0.3, KH2PO4 - 0.4, NaCl - 0.5, pH 

7.5 (g/l). The medium was sterilized by autoclaving and inoculated with 1ml inoculums from 10-5 dilutions in 

aseptic condition. Incubated for 7days at 120 rpm agitation conditions at 37℃ (Shih and Michael 1992). Feather 

degradation in culture broth was determined by visual observation. 

2.3 Screening on Skim milk agar:   

     Skim milk agar medium was sterilized at 121°C for 15 min and prepared Petri plates aseptically. From each 

dilution 0.1ml of sample was spread using L-rod in sterile conditions over Skimmed Milk agar plate and 

incubated at 37°C for a period of 24 hrs (Ramya, 2014). The clear zone formed around the colonies due to 

proteolytic  enzyme were subculture by growing the bacteria in nutrient broth medium at 37°C at 120 rpm for 24 

hrs. 

2.4 Secondary Screening and selection of keratinolytic feather degrading isolate:        

Skim milk agar plates were prepared for primary screening of bacteria that produced protease enzyme. 

The selected protease producing bacterial 24 hrs old culture were subsequently grown in whole feather broth 

medium in which the feather functions as principal source of carbon and nitrogen (Lin et al., 1995) at 120 rpm at 

37℃ incubated for 7 day. Keratinolytic bacterial strains which degrade feathers were selected. 

2.5 Identification of feather degrading bacteria by biochemical Analysis:  

The bacteria which degrade the feathers were identified based on morphological cultural and biochemical 

characteristics. Bergey’s Manual of Determinative Bacteriology, 8th edition (Brenner et al., 2004).The culture 

which showed maximum feather degradation was selected for further study. 
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2.6 Keratinase production by feather degrading isolate: 

       Feather degradation by the isolate was carried out in 100ml whole-feather broth medium prepared. Sterilized 

at 121°C for 15 min. 1% v/v of 24 hrs old inoculums was inoculated in aseptic condition and incubated at 37℃ 

on shaker at 120 rpm for 144 hrs. At 24 hrs of intervals, the enzyme was extracted for measuring the keratinase 

activity (Vidya  and palaniswamy  2013  and Chaudhari  et al., 2013) and few modification. 

2.7 Assay for Keratinolytic activity: 

             Keratinase activity was determined as described by Sivakumar T. et al., 2012; Korkmaz H.2004; 

Cheng-gang CAI et al., 2008 and Poopathi S. et al., 2014 with a few modifications. Keratinase activity was 

determined with Keratin azure (K8500, Sigma-Aldrich, USA) as substrate. Keratin azure was the hair like 

substance it was ground into a fine powder using liquid nitrogen in mortar and pestle. To initiate the keratinase 

assay process o.4% (w/v) of fine powder of keratin azure was mix with 0.8 ml of 50mMpotassium phosphate 

buffer pH7.5 in 1.5ml Eppendorf tube. This mixture was agitated at 37°C for 1 hr with constant agitation at 120 

rpm. A 0.2 ml of crude enzyme was added to keratin mixture. The enzyme and substrate mixture incubated at 

50°C for 1 hr with 200rpm shaking. 0.2 ml of 10% TCA was added to stop the enzyme substrate reaction and 

placed at room temperature for 30 minute. Then centrifuged at 15000rpm for 15min. The absorbance of 

supernatant was measured spectrophotometrically at 595 nm. 

           The control was treated in the same way, except that TCA was added before the addition of enzyme 

solution. One unit (U) keratinase activity was defined as the amount of enzyme cause 0.01 absorbance raise 

between the sample relative to control at 595 nm under the given conditions. 

 

2.8 Percentage of feather degradation: 

  Percentage of feather degradation was determined from the remaining degraded part of feather after 

degradation process by the isolates. Dry feather weight taken in whole feather broth medium for fermentation 

process consider as the initial feather weight. Final feather dry weight obtained by the filtering degraded 

granulated form of feather after degradation through Whatman Filter Paper-3 and dried at 50°C until weight of 

harvested residual feathers stabilized to constant value. The isolate showing significant feather degradation were 

selected as promising isolate for further study. 

The percent feather degradation was determined using the following formula:                                   

Feather degradation (%) = (initial feather weight – final feather weight)/ initial feather weight ×100. 

(Shabaan et al., 2014 and Huang et al., 2015). 
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3. RESULTS : 

                     Table1: Biochemical test of isolate C1B.                              Table2: Keratinase production by                         

                                                                                                                                                           Isolate C1B. 

 

 

                                                                                                                   

 

 

 

           Note: ‘AG’= Acid and gas production. 

 

                      

                       Fig.1: Production of clear zone on Skim              Fig.2: Feather degradation by the isolate C1B. 

                            Milk Agar by the isolate C1B 

                        

.                       

3.1 Screening and isolation of feather degrading isolate:   

        A feather degrading bacteria were isolated from chicken feather waste dumping site near to Safa 

chicken shop center Barshi region. The enriched soil sample was screened on skim milk agar plate, the clear zone 

showing colony (fig1) was cultivated in whole feather broth medium. The whole feather broth medium shows the 

degradation of feather by the isolates (fig2). Identification and characterization of feather degrading isolates were 

Sr No.  Test Result 

1 Gram nature Positive 

2 
Shape and  

arrangement 

Short rod in 

chain 

3 Glucose AG 

4 Fructose AG 

5 Lactose AG 

6 Maltose AG 

7 Manitol AG 

8 Indole production Negative 

9 Methyl red test Positive 

10 Voges-Proskauer test. Positive 

11 Citrate utilization Positive 

12 Catalase activity Positive 

13 Starch hydrolysis test. negative 

14 Hydrogen sulphide test Negative 

15 Urease Activity Negative 

16 
Gelatin hydrolysis 

test 
Positive 

17 Oxidase Negative 

18 Nitrate reduction Negative 

19 Endospore Formation. Positive 

Times in 

hrs 

Keratinase 

Activity in 

U/ml. 

24 
10 

48 
26 

72 
76 

96 
24 

120 
7 

144 
0 

Control C1B 
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done. The morphological, biochemical tests showed that the isolate C1B bacterium was Bacillus species. It was 

rod shaped gram positive, motile, positive for catalase, but negative for oxidase activity. It was positive for 

citrate, methyl red, Voges- Proskauer but negative for Indole test and nitrate reduction test (Table1). 

 3.2 Keratinase production by the feather degrading bacteria: 

  The isolate Bacillus cereus C1B was utilizes the feathers keratin as sole source of carbon and 

nitrogen and energy for their growth purpose. The visual observation of biodegradation process was further 

confirmed by measuring the keratinase activity using keratin azure as substrate. Change in absorbance at 595 nm 

was measured with interval of 24 hrs of time period after inoculation, and the maximum keratinase activity was 

noted as 76 U/ml after 72 hrs (Table2).                                                                                           

3.3 Percentage of feather degradation:  

Bacillus cereus C1B exhibited the 84.5% feather degradation after 72 hrs of cultivation.  

 

4. DISCUSSIONS: 

The bacterium isolated from the contaminated site of feather waste has been shown the feather degrading 

potential through the action of keratinase enzyme.(Joshi et al.,2007) Microorganisms utilizes feather keratin 

as a source of carbon and energy for growth and survival. The presence of keratinous substrates usually 

induces keratinase enzyme (Mazotto et al., 2010). Feather meal was used for isolation of keratinase producer 

by many scientists (Tapia and Simoes. 2008; Ramya et al., 2014; Mousavi et al., 2013; Govarthanan et al., 

2011; Shah, 2015; Fakhfakh-Zouari et al., 2010). Several Bacillus sp. including Bacillus licheniformis, 

Bacillus amyloliquefaceins, Brevibacillus brevis US575, Bacillus pumilus, Bacillus cereus, Bacillus subtilis, 

Bacillus halodurans have been documented to be potential sources of keratinases (Jaouadi et al., 2013; Lin et 

al., 1992; Cortezi et al., 2008; Kumar et al., 2010; Adiguzel et al., 2009; Mazotto et al., 2010; Prakash et al., 

2010). Keratin degradation process have been reported many Bacillus species such B. licheniformis, B. 

pumilus, B. subtilis, B. cereus, and B. megaterium. (Kim et al., 2004; Riffel and Brandelli, 2006). Mehta et 

al., (2014) reported complete degradation of feather waste within 7days by the Bacillus sonorensis strain 

NRRLB-23154 isolated from poultry farm. 

 

5. CONCLUSIONS:  

A promising feather keratin degrading bacteria was isolated from poultry chicken feather waste dumping 

site area of chicken shop, Barshi, Maharashtra. This isolates degrade the whole feathers for the uptake of 

nutrition for their growth. The16S rRNA identification confirms that a gram positive isolate was Bacillus cereus, 

designated as Bacillus cereus C1B.The Bacillus cereus C1B was Degraded the 84.5% feather and report 76 U/ml 

maximum activities after 72 hrs. This was the potential member for poultry chicken feather degradation.   
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