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Abstract - In the present study, poultry feather contaminated soil samples were collected and 
subjected for isolation to keratinolytic bacteria. Among the 28 isolates, 16 of were shown 
positive results in both protease and keratinolytic activity. According to biochemical reaction 
7 bacterial species were observed, among them, Bacillus species were predominated. In case 
of secondary screening, single isolate showed better activity and which was subjected to 
media optimization process. Furthermore, selected isolate was able to degrade the 41% of 
feather with 30 days of incubation. The study shows the potential of the feather degrading 
isolate to carry out environmentally safe disposal of poultry waste. 
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1. Introduction 

In many countries, environmental waste is found in large quantities. Although some 
of them control with significant amounts of protein and different carbon compounds, little 
attention is paid to the recycling or use of these wastes in a scientific manner is given slight 
attention. Moreover, the accumulation of a small amount of this waste in nature is considered 
a serious source of toxic waste and a health hazard. As a result, they are considered sources of 
avoiding environmental pollution. 

The boost in the poultry trade around the world has produced millions of tones of 
poultry feather waste. Some substances it contains are not easily destroyed due to the 
environmental impact (Zaghloul et al., 2011). Because the feather had strange characteristics 
and environmental scientists received enough attention in the control measurement, as these 
large amounts of feather waste generate environmental pollution and can also lead to various 
human ailments. 

Feather consists of rigid keratin protein; this was not easily depredated by common 
proteolytic enzymes. This feather grows in billions of kilograms per year, creating a serious 
solid waste problem worldwide (Joardar and Rahman, 2018).  They are often burned or piled 
up on the ground, thus polluting the environment. 

Number of methods is utilized for the waste management, including incineration, 
burning, use of chemicals, dried and ground to a powder to be used as a feed supplement for a 
variety of livestock. Still now, it is very difficult and expensive to dispose of poultry feather 
and its present uses are not economically valued (Nahm and Nahm 2004). In India, the most 
common method of disposal is open. In almost all developing countries, the waste is dumped 
on the roadsides, and all open spaces are filled with waste regardless of the health impact on 
the population.  

 Biodegradation by microorganisms possessing keratinolytic activity represents an 
alternative method to improve the nutritional value of feather waste (Williams et al 1990). 
Keratinolytic enzymes offer opportunities for a low energy consuming technology for 
bioconversions of poultry feathers from a potent pollutant to a nutritionally upgraded protein 
rich feed stuff for livestock. Among the bacteria, feather degradation is mostly confined to 
Gram-positives, including Bacillus, Lysobacter, Nesternokia, Kocurica and Microbacterium. 
However, a few strains of Gram-negative bacteria, Vibrio, Xanthomonas, Stenotrophomonas 
and Chryseobacterium (Sangali and Brandelli 2000; De Toni et al., 2002; Yamamura et al., 
2002; Lucas et al., 2003), have also been recently reported. 

Namakkal district in Tamil Nadu, India are the hub for the poultry industry and most 
of the poultry industries dump the waste into land considering this fact, the present research is 
planned to explore keratinolytic bacteria from the Namakkal region soil samples and 
degraded the feather waste. The outcome of this can be helped to prevent the environmental 
pollution implications and also can develop an alternative economical support to the poultry 
industry.   
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2. Materials and methods 
 

2.1.  Sample collection 

Soil samples were collected from regular feather dumping site of egg processing 
farms from Namakkal, TN, India. The samples were taken from 30 cm depth from the surface 
of the soil. The samples were brought to the laboratory and processed for isolation of 
microorganisms.  

2.2. Isolation of bacterial isolates from soil samples 

 About 1 gm of poultry soil was suspended in 9 ml of saline solution (0.9 % NaCl). A 
volume of 0.1 ml of suspension is serially diluted and then spread on the nutrient agar plate. 
The plant was incubated at 37°C for 24 hrs. The colonies grown were screened for the 
keratinase production. 

2.3. Screening of Protease producing isolates 

 Skim milk agar was prepared and the above isolates were streaked on milk agar plates 
for testing the protieolytic activity of the isolates. Isolates were inoculated onto plates and 
incubated at 37±2°C for 24 h. Isolates that were producing clearing zones in this medium 
were selected (Sepahy et al., 2011).  

2.4. Screening of keratinase producing isolates 

 Amongst the different bacterial colonies obtained on the nutrient agar each was 
inoculated onto a sterile feather meal agar plate. The Feather meal media 1 (g/l): NaCl, 0.5; 
K2HPO4, 0.3; KH2PO4, 0.4 and Feather, 10; and pH was maintained at 7.5 at 30 ºC for 7 days, 
isolates which exhibited the largest clearing zones were selected, identified and grown in 
cultivation media for enzyme production. The potential isolates were selected based on the 
isolates showed positive result on the both screening methods. 

2.5. Screening of potential isolates 

 Cultivation of the isolated cultures was performed using 250 ml Erlenmeyer flask 
containing 90 ml of the above mentioned media. Isolates which exhibited the maximum 
enzyme production were selected. The potential isolates were selected based on the isolates 
showed a positive result on both the screening methods. 

2.6. Enzyme assays  

Keratinolytic activity was measured with soluble keratin (0.5%, w/v) as substrate. 
Soluble keratin was prepared from chicken feathers by the method of (Wawrzkiewicz et al., 
1987). After the incubation period, centrifuge the broth and separate the supernatant. The 
keratinolytic activity was assayed 1.0 ml of crude enzyme properly diluted in phosphate 
buffer (0.05 M of pH 7.0) was incubated with 1 ml of keratin solution at 50°C in a water bath 
for 10 min, and the reaction was stopped by adding 2.0 ml 0.4M of TCA. After 
Centrifugation, the absorbance of the supernatant was determined at 280 nm against a control. 
The control was prepared by incubating the enzyme solution with 2.0 ml TCA without the 
addition of keratin solution. One unit (U/ml) of keratinolytic activity was defined as an 
increase of correcting absorbance of 280 nm (A280) (modified method of Gradisar et al., 
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(2005) with the control for 0.01 per minute under the conditions described above and 
calculated by the following equation: 

U=4×n×A280/ (0.01×T) 
Where n is the dilution rate; 4 is the final reaction volume (ml); T is the incubation time 
(min). 
 
2.7. Media optimization  
  

The potential isolates were subjected to media optimization for select the best media for 
production of keratinase enzyme. Horikoshi media, Feather meal media 1at 30ºC at 160 rpm 
for 7 days (Agrahari and Wadhwa, 2010). The cured enzyme was separated with centrifuged 
and subjected to enzyme assay. The Media contained the following constituent: 

Horikoshi media (g/l):  
Soluble starch, 5; Peptone, 5; Glucose, 5; K2HPO4, 1; MgSO4 7H2O, 0.2; Na2CO3, 1; 
Yeast extract, 5 and Feathers, 10; pH 7.5. 

          Feather meal media 2 (g/l): NH4Cl, 0.5; NaCl, 
0.5; K2HPO4, 0.3; KH2PO4, 0.4; MgCl2.6H2O, 0.1; Yeast extract, 0.1 and Feather, 10; 
pH 7.5. 
 

2.8. Determination of degradation of feather 
 
The percentage of degradation of feather by potential isolates on Feather meal media 

2 and degradation was determined by calculating the percentage of weight loss of feather. The 
percentage of weight loss was calculated by the following formula. 

Percentage of Weight loss = Initial weight – Final weight/ Initial weight X100 
 

3. Results and discussion 

 Of the total soil samples analyzed, 28 bacterial isolates were isolated on nutrient 
agar medium. To isolate protease and keratinase producer bacteria, 28 isolates were 
transferred to the skim milk media and feather-rich medium at 37°C and 16 isolates used the 
feather as the sole carbon source. The colonies showing a zone of clearance on both skim 
milk and feather meal contain media, which were selected and observed for colony 
characteristics, morphological characteristics and biochemical characterization. According to 
biochemical tests, 7 bacterial species were observed, among them Bacillus species were 
predominated.   

 Presently isolated bacteria were endowed with keratinolytic activity and able to 
degrade keratin wastes. They used feathers as a primary source of energy, carbon, nitrogen 
and sulfur. Bacillus species are one of the best keratinase producers with higher capacity 
production of this enzyme, among other producers. Numerous studies were reported that 
Bacillus species were predominant species for keratinase production (Mehta et al., 2013, 
Femi-Ola et al., 2015). In 2018, earlier study of Khodayari and Kafilzadeh, 2018 was 
observed the keratinase producing various Bacillus sp from poultry waste contaminated soil 
samples.  

 Keratinolytic isolates were specifically screened and selected by measuring the 
activity of their keratinase. Presently 2 of were exhibiting maximum keratinase enzyme 
(Isolate 17: 42.1U/ml and Isolate 19:48.7U/ml). The isolate 19 was selected and the 
keratinase production was compared in two liquid media. The potential isolate showed lower 
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keratinase production in Horikoshi media tested (with maximum of 43.6 U/ml) as compared 
to feather meal media 2 where the activity reached 51.3U/mL. Thus, the results suggested that 
Feather meal media 2 supported better yield of keratinase. Similar result was Agrahari and 
Wadhwa (2010) they were also observed the best enzyme production when using Feather 
meal media 2. 

 

 

Figure 1. Screening of keratinase producing bacterial isolates 
 
 

 The result of degradation feather by using Isolate 19 was presented in Table1. The 
percentage of weight loss treated for 7 days was found to be 11%. The percent weight loss of 
feather 14 days incubation was 38% similarity. The weight loss of feather treated for 30 days 
found to be 55 % from dates. It was very clear that feather degradation was maximum in 
sample subjected to long time incubation. This degradation result was slightly higher than the 
study of Kani et al (2012). They were observed the 31% degradation at 30 days of incubation.  
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). 

Table1. Degradation of feather by Bacillus sp 

S.no Days of incubation 
Initial weight of 

feather (gm) 

Final weight 
of feather 

(gm) 

Percentage of 
degradation 

1. 7 days 1 0.89 11 

2. 14 days 1 0.62 38 

3. 30 days 1 0.45 55 
 

 Based on the results obtained from this present study, the isolate of Bacillus sp are 
widely associated with chicken feathers and soil of the feather dumping site. This isolates 
effectively degrade the keratin substrate and characteristics of isolate is well adaptive for the 
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large scale bio conversion of keratin waste. Although more optimization in the culture 
condition and improvement of the isolate to increase the enzyme productivity are needed that 
are in the way. 
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