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ABSTRACT 

Feathers are generated in huge amounts annually as waste products of commercial poultry processing plants. 

Microbial keratinase have become biotechnologically vital enzyme for hydrolysing the highly rigid, strongly cross-

linked structural feather polypeptides, keratin. The present study focuses on the bioconversion of insoluble feather 

keratin to soluble feather residue that has high nutritional values and can be employed as a supplement for livestock 

feeds. It explores the effectiveness of using microbial activity for degradation of keratin. It also aims in identifying 

the novel isolates exhibiting high keratinase activity. The study evaluates various conventional and biotechnological 

approaches for improving yield and nutritional value of feather meal. It also measures the potential of the bacterial 

isolates in degrading the feather meal. The results of the study showed that microbial hydrolysis involving 

keratinolytic activity serves as a cost-effective and potent alternative for improving the nutritional value of animal 

feed obtained from feather waste.Considering that feather protein serve as an excellent source of metabolisable 

protein and that microbial keratinases enhance the digestibility of feather keratin, keratinolytic bacterial isolates can 

be used to produce animal feed protein by degrading poultry waste. 
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1. INTRODUCTION 

Every day huge quantities of chicken is being utilised by the human society leading to the accumulation of 

vast amount of feather waste in the poultry industries, reaching millions of tons per year worldwide (Williams, 1991). 

Chicken feather wastes are considered as a vital source of protein for livestock due to the presence of high protein 

content (Thys and Brandelli, 2006; Anbu, 2007; Kumar, 2008). The shortage of protein in animal feed industries 

demanded for a new protein source with rich nutritional value (Odetallah, 2003). In the present scenario, the feather 

waste is converted into feather meal, a digestible dietary protein for animals using physical and chemical treatments. 

Chicken feathers comprise more than 90% protein; the dominating one is the beta-keratin, an insoluble and fibrous 

structural protein (Feughelman, 2002).The physical and chemical treatments are used currently to increase the 

digestibility of this feather keratin. However, such processes consume large amounts of energy and together destroy 

certain amino acids, thus yielding products of poor digestibility and inconsistent nutritional quality (Papadopoulos, 

1986). Dymatic hydrolysis by microorganisms that involves keratinolytic activity serves as an effective alternative 

for improving the nutritional value of feather meal (Lin, 1992).  

Feather constitutes approximately 5-7% of the total weight of mature chicken. The major constituent, keratin 

is subjected to high degree of cross-linking by various bonds such as cysteine disulfide bonds, hydrogen bond and 

hydrophobic interactions (Feughelman, 2002). Keratin is insoluble and not degradable by proteases such as trypsin, 

pepsin and papain (Williams, 1990). The feather accumulation in the environment can be controlled by degrading 

keratin with keratinolytic enzyme produced by some microorganisms (Onifade, 1998). Keratinolytic activity has 

been reported in various bacterial genera such as bacillus (Williams, 1990; Lin, 1999; Suntornsuk, 2003; Zerdani, 

2004; Suntornsuk, 2005), flavobacterium (Brandelli and Riffel, 2002; Nam, 2002), thermo anaero bacter 

(Antranikian and Riessen, 2001), vibrio (Brandelli and Sangali, 2000) and chryseo bacterium (Riffel, 2003). In this 

regard, keratinolytic enzymes may have important role in biotechnological processes involving keratin-containing 

wastes from leather and poultry industries through the conception of non-polluting and less expensive treatment 

(Onifade, 1998). Even though bacterial keratinolytic proteases showed a potential means for feather bioconversion, 

improvement of enzyme activities and higher yields are required to make these suitable for industrial applications 

(Kim, 2001). 

For the past several decades, many studies have been done in converting features into digestible dietary 

proteins even though feature meal serves as a poor digestible meal. At present, many efforts are being laid to 

hydrolyse keratin by microbial activity for obtaining proteins and amino acids (Sangali and Brandeli, 2000; Mortiz 

and Latshaw, 2001; Riffel, 2007). Diverse groups of microorganisms such as fungi and bacteria have been reported 

to produce keratinase (Deivasigamani and Alagappan, 2008; Han, 2012). Microorganisms that degrade feathers and 

their keratinolytic enzymes could be used to enhance the digestibility of feather keratin (Suntornsuk, 2003; Zerdani, 

2004; Suntornsuk, 2005). Currently, the major focus of this study is to identify novel isolates with high keratinase 
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activity and improve the yield using conventional and biotechnological approaches. Lin (1992) have reported that 

keratinolytic bacteria are found in soil and poultry compost. In the present study, exploration has made through 

various sequential screening methods to obtain a potent bacterial isolate which possess high potential in degrading 

feather protein.  

2. MATERIALS AND METHODS 

2.1. Selection and Collection of Samples: The sampling area was chosen accordingly to obtain the bacterial isolate 

which may have exhibit keratinolytic activity. Hence, the samples were collected from waste dumping of different 

poultry farm and chicken meat centres. Focus was laid on such areas where the poultry wastes were accumulated for 

a long period. The duff soil samples comprising poultry waste was collected from a depth of around 10 cm, so as to 

avoid fresh feather litters. The collected samples were packed in a sterile polythene container and subjected to 

processing within 24 h. 

2.2. Enumeration of Proteolytic Bacterial Frequency: The enumeration of total viable bacterial counts (TVBC) 

and total proteolysis bacterial counts (TPBC) was carried out by serial dilution and plating techniques in triplicates. 

One gram of soil sample was mixed in 100 ml of sterile distilled water and serially diluted upto 10-7. The diluted 

samples were plated on sterile nutrient agar medium (peptone - 0.5 g, beef extract-0.2 g, yeast -0.3 g, Sodium chloride 

- 0.5 g, agar -1.7 g, distilled water -100 ml, pH-7.2) for detecting the total viable bacterial count. The diluted samples 

were also platted on to another series using casein agar plates(skimmed milk powder - 0.1 g, tryptone - 0.5 g, yeast 

extract - 0.25 g, Sodium chloride - 0.85 g, dextrose - 0.1 g, agar - 1.7 g, distilled water - 100 ml, pH - 7.2)  for 

detecting the total proteolysis bacterial count. Both the plates were incubated at 37◦C for 24 h. The number of colonies 

grown on nutrient agar plates accounted for TVBC and those showing protein utilisation zone around the colony in 

casein agar medium accounted for TPBC.  

The frequency of proteolytic bacteria (FPB) present in the sample was calculated as: 

Percentage of FPB = TPBC/TVBC x 100 

2.3. Isolation and Purification of Proteolytic Bacteria: The bacterial single colony that showed conspicuous 

substrate utilisation zone in casein agar was taken into consideration for further study. The colonies were purified by 

streak plate method using nutrient agar and incubated at 37◦C for 24 h. All pure isolates maintained in liquid and 

solid media were stored in refrigerated condition. 

2.4. Screening of Keratinolytic Activity: The keratinolytic activity of theproteolytic bacterial population was 

evaluated by screening the isolates using keratin screening medium. The isolates were streaked into sterile media 

amended with keratin as protein substrate. The agar medium consisted of ammonium chloride(0.05 g), NaCl (0.05 

g), MgCl2(0.01 g), K2HPO4(0.03 g), KH2PO4(0.04 g), yeast extract(0.1g), keratinpowder (0.5 g),agar(1.7g)and 

distilled water(100 ml) with a pHof7.5. The isolates which showed proteolytic activity were streaked at the centre of 

the sterile keratin agar plates and incubated at 37◦C for 24 h. The isolates showing keratin utilisation zone were 

remarked as positive isolates. 

2.5. Screening of Feather Degradation Efficiency: The screening of feather degradation was carried out in two 

ways in order to evaluate the potential of isolates capable of degrading feather meal and raw feather. 

2.6. Primary Screening: The primary screening was performed to check the ability of the isolates for their feather 

keratin utilisation. The positive isolates obtained in kerotinolytic screening step were utilised for primary screening 

process. The screening was carried out using feather meal agar medium which consisted of NH3Cl2(0.05 g), NaCl 

(0.05 g), MgCl2(0.01 g), K2HPO4(0.03 g), KH2PO4(0.04), yeast extract(0.1g), colloidal feather (0.5 g), agar(1.7 g)and 

distilled water(100 ml) with pH of 7.5. The isolates showing kerotinolytic activity were streaked at the centre of the 

sterile feather meal agar plate and incubated at 37◦C for 24 h. The isolates showing substrate utilisation zone were 

considered as positive isolates. 

2.7. Secondary Screening: The secondary screening was carried out to find the efficiency of feather meal utilising 

bacteria in degrading the raw feather. The degradation was carried out in broth medium consisting of MgSO4.7H2O 

(0.2 g), K2HPO4 (0.3 g), KH2PO4 (0.4 g), CaCl2 (0.22g), yeast extract (0.1g) and chopped raw feather (0.1g). The 

isolates which showed positivity in feather meal agar medium were inoculated and the tubes were incubated at 37◦C 

for more than 48 h. The degeneration of raw feather was marked as positive. The isolate which showed higher feather 

degeneration tendency was considered as the potent feather degrading microorganism. 

3. RESULTS AND DISCUSSIONS 

In order to obtain a potent bacterial strain with the ability to degrade the poultry feather wastes, an 

exploration was done on various samples. Around 10 samples were collected, 5 from the yards of poultry farm waste 

dumbing and 5 from the waste dumped by the commercial chicken meat sale centres. The samples were slightly 

blackish brown in colour with partial moisture.  
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Fig.1.Selected isolate in casein agar medium 

3.1. Total Viable Count vs. Proteolytic Count: The total viable count of heterotrophic bacteria showed more or 

less similar results in both the sample types (Table1). However, the FPB% showing utilisation zone in casein agar 

plate (Fig.1) was found to be higher in the samples taken from chicken meat centre waste dumping. The waste of 

poultry farms contains more bird excreta, bedding material, polluted feeds, dead birds, broken eggs and less feather 

quantity leading to low levels of protein substrate (Lu, 2003). On the other hand the waste dumping of commercial 

meat centres contains more feather quantity and meat wastes leading to higher level of protein substrates. This may 

be the reason for the presence of higher level of proteolytic bacteria in the samples taken from the waste dumping of 

chicken meat centre (Martin and McCann, 1998). 

Table.1.Frequency occurrence of proteolytic bacteria 

Samples Poultry Farm Waste Yard ChickenMeatCentre Waste Dumping 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 

TVBC 32x105 38x106 56x104 89x104 76x104 89x105 102x104 202x104 96x104 196x105 

TVPC 65x101 39x102 79x101 36x101 41x101 31X102 60X101 74X102 81X101 90X102 

FPB (%) 0.020 0.010 0.141 0.004 0.053 0.034 0.058 0.366 0.084 0.045 

TVC – Total viable count, TVPC- Total proteolytic bacterial count, FPB –Frequency of proteolytic bacteria 

*All the values given in the table are average of triplicates 

3.2. Keratinolytic Activity: The keratinolytic activity among the proteolytic bacterial population was explored using 

keratin agar medium. The results showed that only around 55% of proteolytic bacterial isolates showed positive 

keratinolytic activity and rest of them showed negative (fig.2). Least number of isolates showed very less activity. 

 
Fig. 2.Selected isolate in keratin agar medium 

Research conducted by Matikeviciene (2009), showed that the isolated bacterial strains known to degrade 

keratin or produce the keratinase primarily composed of Bacillus including B. subtilis and B. licheniformis. Another 

study conducted by Samuel Pandian (2012), involving screening of microorganism from the soil sample taken from 

the dumping site of poultry processing plant, have reported to show the isolation of pseudomonas thermaerum. This 

bacterium showed proteolytic activity but not keratinolytic activity. 

3.3. Feather Degradation: The strains which showed keratinolytic activity were screened for feather degradation 

capacity. As a primary screening, the isolates were provided with well ground colloidal feather meal as the substrate. 

The results showed that almost all the isolates which showed positivity in the keratin agar also showed positivity in 

feather meal agar. Very least number of isolates showed slow growth and less positivity (Fig.3). 

 
Fig.3.Isolate on feather meal agar  
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From the research on degradation of feather waste conducted by Vigneshwaran (2010), it was found that 

Bacillus licheniformis was able to grow and produced keratinase in nutrient medium in which feather meal served as 

an additional carbon and nitrogen source and acted as enzyme inducer. It was also reported that novel keratinolytic 

isolate, Bacillus licheniformis could be a potential candidate for the degradation of feather keratin and can be used 

as additives in poultry field. 

The secondary screening was made by providing raw feather as protein substrate. The results of this 

screening showed that all the isolates which gave positive result in feather meal agar medium showed positivity in 

feather degradation (Fig.4). However, the time taken for the degradation process showed differentiation among the 

isolates.  

A study on biodegradation of poultry feather by novel bacterial isolate, Bacillus altitudinis, GVC11, 

conducted by Vijay Kumar (2011), reported that GVC11 was found to grow and degrade chicken features in 2 days 

in distilled water without additional nutrient. There are various reports that indicate different degradation time of 

different bacterial species, for example, B. licheniforms degraded feathers in 10 days (Park and Son, 2009) while B. 

pumilus took 7 days to do the same (Vijay Kumar, 2011). 

 
Fig.4.Feather degeneration  

1. Control; 2. Test 

4. CONCLUSION 

The strategy of isolation of keratinolytic microorganisms utilised in this present study revealed that similar 

to the isolates of fungi, certain bacterial strains capable of degrading feather keratins are present in the soil dumping. 

It was found that the selected isolates were able to grow and display keratinolytic activity in diverse keratin wastes. 

These novel isolates can contribute for potential biotechnological use in processes involving keratin hydrolysis. The 

study shows that microbial conversion of feather wastes is a potential technique for the degradation of feathers and 

their utilisation as a feedstuff.Since bacteria can grow faster than fungal species, they can performance effectively in 

many industrial applications.  

REFERENCES 

Anbu P, Gopinath SCB, Hilda A, Lakshmipriya T and Annadurai G, Optimizations of extracellular keratinase 

production by poultry farm isolate Scopulariopsis brevicaulis, Biores. Tech., 98, 2007, 1298- 1303. 

Deivasigamani B, and Alagappan K.M, Industrial application of keratinase and soluble proteins from feather 

keratins, Journal of Environmental Biology, 29 (6), 2008, 933–936. 

Feughelman M, Natural protein fibers, J. Appl. Polym. Sci., 83, 2002, 489–507.  

Han M, Luo W, Gu Q, and Yu X, Isolation and characterization of a keratinolytic protease from a feather-degrading 

bacterium Pseudomonas aeruginosa C11, African Journal of Microbiology Research, 6, 2012, 2211–2222. 

Hassan M.A, Bakry M Haroun, Amro A Amara, and Ehab A Serour, Production and Characterization of 

Keratinolytic Protease from New Wool-Degrading Bacillus Species Isolated from Egyptian Ecosystem, Bio Med 

Research International, 2013.  

Kumar AG, Swarnalatha S, Gayathri S, Nagesh N, Sekaran G, Characterization of an alkaline active – thiol forming 

extracellular serine keratinase by the newly isolated Bacillus pumilus, J. Appl. Microbiol., 104, 2008, 411-419. 

Lin X, Lee CG, Casale ES, Shih JCH, Purification and characterization of a keratinase from a feather- degrading 

Bacillus licheniformisstrain, Appl. Environ. Microbiol., 58, 1992, 3271- 3275. 



ISSN: 0974-2115 

www.jchps.com                                                                                       Journal of Chemical and Pharmaceutical Sciences 

January-March 2016 291  JCPS Volume 9 Issue 1 

Lu J, Sanchez S, Hofacre C, Maurer JJ, Harmon BG, Lee MD, Evaluation of Broiler Litter with Reference to the 

Microbial Composition as Assessed by Using 16S rRNA and Functional Gene Markers, Applied and Environmental 

Microbiology, 69 (2), 2003, 901-908.  

Martin S.A, and Mc Cann M.A, Microbiological survey of Georgia poultry litter, J. Appl. Poult. Res., 7, 1998, 90-

98. 

Moritz J.S, and Latshaw J.D, Indicators of nutritional value of hydrolyzed feather meal, Poultry Sci., 80, 2001, 79-

86. 

Nam GW, Lee DW, Lee HS, Lee NJ, Kim BC, Choe EA, Hwang JK, Suhartono MT, Pyun YR, Native-feather 

degradation by Fervido bacterium islandicum AW-1, a newly isolated keratinase-producing thermophilic anaerobe, 

Arch Microbiol., 178, 2002, 538- 547. 

Odetallah NH, Wang JJ, Garlich JD, Shih JCH, Keratinase in starter diets improves growth of broiler chicks, Poult. 

Sci., 82, 2003, 664-670. 

Onifade AA, Al-Sane NA, Al-Musallam AA, Al-Zarban S, Potentials for biotechnological applications of keratin- 

degrading microorganisms and their enzymes for nutritional, Improvement of feathers and other keratins as livestock 

feed resources, Biores. Technol., 66, 1998, 1–11. 

Papadopoulos M.C, El Boushy A.R, Roodbeen A.E, and Ketelaars E.H, Effects of processing time and moisture 

content on amino acid composition and nitrogen characteristics of feather meal, Anim Feed Sci Technol., 14, 1986, 

279-290. 

Perona J.J, and Craik, Strucrual basis of substrate specificity in the proteases, Protein science, 4, 1995, 337 – 360. 

Pierre A.C, and Omary M.B, Hard and soft principles defining the structure, function and regulation of keratin 

intermediate filaments, Current Opinion in Cell Biology, 14 (1), 2002, 110–122. 

Riffel A, Brandelli A, Isolation and characterization of a feather-degrading bacterium from the poultry processing 

industry, J. Ind. Microbiol. Biotechnol., 29, 2002, 255-258. 

Samuel Pandian, Jawahar Sundaram and Prabakaran Panchatcharam, Isolation, identification and characterization of 

feather degrading bacteria,  Pelagia Research Library European Journal of Experimental Biology, 2 (1), 2012, 274-

282. 

Sangali S, and Brandelli A, Feather keratin hydrolysis by a Vibrio sp. strain kr2, Journal of Applied Microbiology, 

89 (5), 2000, 735-743. 

Suntornsuk W, Suntornsuk L, Feather degradation by Bacillus sp. FK 46 in submerged cultivation, Bioresour. 

Technol., 86, 2003, 239-243. 

Suntornsuk W, Tongjun J, Onnim P, Oyama H, Ratanakanokchai K, Kusamran T, Oda K, Purification and 

characterisation of keratinase from a thermo tolerant feather-degrading bacterium, J. Ind. Microbiol. Biotechnol., 21, 

2005, 1111-1117. 

Thys RCS, Brandelli A, Purification and properties of a keratinolytic metalloprotease from Microbacterium sp., J. 

Appl. Microbiol., 101, 2006, 1259-1268. 

Vijay Kumar E, Srijana M, Chitanya K, Harish Kumar Reddy Y, and Gopal Reddy, Biodegradation of poultry 

feathers by noval bacterial isolate bacillus altitudinis GVC11, Indian Journal of Biotechnology, 10, 2011, 502-507. 

Williams CM, Richter CS, Kenzie Jr. M, Shih JCH, Isolation, identification, and characterization of a feather- 

degrading bacterium, Appl Environ Microbiol., 56, 1990, 1509–15. 

Williams, Lee C.M, Garlich C.G, and Shih J.D, Evaluation of a bacterial feather fermentation product, feather-lysate, 

as a feed protein, Poultry Sci., 70, 1991, 85-94. 

Zerdani I, Faid M, Malki A, Feather wastes digestion by new isolated strains Bacillus sp. in Morocco, Afr. J. Biotech., 

3, 2004, 67-70. 


