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Keratinase producing bacteria were isolated from poultry farm soil and feathers from places located in
and around Coimbatore, India. The isolated bacteria were screened for keratinase production using
Feather Meal medium. The positive strains were then characterized and identified as Bacillus sp.
Optimum conditions for the growth of the bacterium and production of keratinase enzyme has been
identified as follows: pH 7.5, temperature 37 C, substrate concentration 1 %, inoculum concentration
4 % and incubation period 24 hours respectively. For enzyme activity optimum pH was found to be
7.5, temperature 45°C.The enzyme was partially purified using filter sterilization. High degradation of
keratin was observed in the degrading medium added with glucose as carbon source and inoculated
with partially purified keratinase.
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INTRODUCTION

Feathers are produced annually in huge amounts as waste
products of commercial poultry-processing plants. Feathers are
composed primarily of keratin. Because of a high degree of
cross-linking by disulphide and other bonds keratin is an
insoluble protein and is not degraded by normal proteases such
as trypsin, pepsin and papain (Xu et al., 2009). Despite their
elevated resistance, keratins are recycled in nature and can be
degraded by some microorganisms. A group of proteolytic
enzymes which are able to hydrolyse insoluble keratins more
efficiently than other proteases are called keratinases
(Moniruzzaman et al., 2007). It was classified as proteinase of
unknown mechanism as recommended by the Nomenclature
Committee on the International Union of Biochemistry
with EC number 3.4.99 (Owen et al., 1983).Recently, some of
the works defined keratinase as serine protease due to its
97% sequence homology with alkaline protease and it is also
inhibited by the same inhibitor that inhibits serine protease
(Bockle et al., 1995; Zaghloul et al., 1998 and Bressollier
et al., 1999). Keratinase is a protease capable of digesting
keratins in chicken feathers as well as animal wool and hair
(Selvam and Vishnupriya, 2012). Keratinolytic enzymes are
produced by fungi, actinomycetes and bacteria and have been
frequently isolated from soils where keratinous materials are
deposited (Kaul and Sumbali 1997; Moallaei et al., 2006, Xu et
al 2009). Thus keratinolytic enzymes may have important uses
in the biotechnological conversion of keratin containing wastes
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from poultry industry, through the development of non-
polluting processes. Insoluble feather keratins can be
converted, after enzymatic hydrolysis, to feedstuffs, fertilizers,
and films (Gupta and Ramnani 2006; Brandelli ef al, 2009).
Keratinases are mostly endo-proteases showing a broad
spectrum of activity (Brandelli 2005), usually hydrolyzing
soluble proteins (such as casein) more effectively than
insoluble proteins such as keratins (Brandelli 2005; Suntornsuk
et al., 2005; Dastager et al, 2009). Only few microbial
keratinases show higher hydrolysis of keratins than soluble
proteins (Balaji ez al., 2008). Besides some exceptions, purified
keratinolytic enzymes are often ineffective to hydrolyse native
keratin (Gupta and Ramnani 2006; Riffel ez al., 2003; Xie et
al., 2009), a behaviour that is mainly attributed to the high
levels of disulfide bonds in the keratin molecules (Brandelli
2009). This study describes isolation, screening, optimization
of production conditions of the organism and enzyme activity,
partial purification.

MATERIALS AND METHODS

Isolation of bacteria from soil and feather

Thirty kinds of soil and feather samples were collected from
different poultry farms located at Coimbatore district, Tamil
nadu, India. From each sample one gram was taken and added
to 9ml of sterile saline solution and mixed well and named it as
107" dilution, from 10™ dilution 1 ml of sample was taken and
added to 9 ml of sterile saline solution in a test tube and named
it as 107 dilution, in the similar process the samples were
serially diluted using sterile saline solution up to10™ dilutions.
From each dilution 0.1ml of sample was spread using L-rod in
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sterile conditions over Skimmed Milk agar plate. The plates
were incubated at 37°C for 24 hours.

Screening on Feather meal agar plates

Feather meal agar was prepared, the soil and the feather
isolated bacteria were streaked on the plates and incubated at
37°C for 24hrs. The soil isolated bacterial colony with a
maximum clear zone was named as BS1. Similarly, the feather
bacterial colony with a maximum clear zone was named as
BFI1.

Pure culturing of isolates

A well isolated colony forming a clear zone in feather meal
agar plate was selected and transferred to a sterile nutrient
broth for shake culturing at 37°C. A loop full of strain was
taken from the broth and quadrant streaked on nutrient agar
plates. The plates were incubated at 37°C for 24hours. After
incubation the plates were observed for the growth and stored
at 4°C for further usage.

Identification and Characterisation of Isolated bacteria

Microscopic examination

The isolates BS1 and BF1 was gram stained and observed
under compound bright field microscope. Motility test was also
done.

Cultural Characterisation

The isolates BS1 and BF1 were characterised based on the
growth on nutrient agar, nutrient broth and gelatin stab.

Biochemical Characterisation

The isolates were biochemically characterised by Indole test,
Methyl red test, Voges — Proskauer test, Citrate test, Catalase
test, Starch hydrolysis and hydrolysis of gelatin test.

Inoculum prepartion

Isolated colonies of BS! and BF1 was taken from the nutrient
agar plate and inoculated in 50ml nutrient broth separately and
incubated at 37°C for 24 hours.

Production of keratinase from bacterial isolates

(Matikeviciene et al., 2009)

a) Enzyme production by feather meal as substrate

100 ml of feather meal medium was prepared and sterilized. 4
ml of BS/ cultured in nutrient broth was used as inoculum to
inoculate the feather meal medium. Similarly 4 ml of BFI
cultured in nutrient broth was inoculated in another conical
flask containing feather meal medium. The two flasks were
incubated at 37°C for 24hrs with constant shaking at 200 rpm.

b) Enzyme production by soy meal as substrate

100 ml of soy flour medium was prepared and sterilized. 4 ml
of BSIcultured in nutrient broth was inoculated in soy meal
medium. Similarly 4 ml of BFI from the nutrient broth was
transferred to another conical flask containing soy meal

medium. The flasks were incubated at 37°C for 24 hours with
constant shaking at 200 rpm.

Keratinase assay (Pissuwan et al., 2001)

10 mg of feather meal powder suspended in 1 ml of
50mMTris-HCI buffer containing ImM Calcium chloride and
Iml of culture filtrate was mixed and incubated at 45°C with
shaking at 300 rpm for 30 minutes in shaker. The enzyme
reaction was terminated by adding 2 ml of TCA solution into
the reaction mixture. The mixture was then centrifuged at
6000rpm for 30 min at 4°C. The enzyme inactivated by TCA
solution without the addition of substrate was used as control.
The absorbance of the supernatant was spectrophotometrically
measured at 275 nm.One unit (U/ml) of keratinolytic activity
was calculated using the formula,

U=4xnxA275/(0.01x30)
Where,
n is the dilution rate; 4 is the final volume (ml); 30 is the
incubation time (min); 0.01 is the increase of correct
absorbance per minute.

Determination of protein concentration

Protein concentration was determined by Lowry et al. (1951)
methodology with Bovine serum albumin as standard. One ml
of the enzyme aliquot was taken in a test tube and 5 ml of
solution D was added. Mixed well and allowed to stand for 10
minutes. Then 0.5-1 ml of Folin-ciocalteau reagent was added
and mixed using vortex. The solution was allowed to stand for
30 minutes and the absorbance was read at 660 nm against
appropriate blank. The protein concentration of an unknown
solution was determined by extrapolating the O.D. value on the
standard graph.

Optimization of culture conditions for maximizing the
enzyme production

pH

The keratinase production media with different pH (5.5, 6.5,
7.5, 8.5, and 9.5) were prepared. The bacterial culture was
inoculated and incubated at 37°C for 24 hours with constant
shaking at 200 rpm.

Temperature

The keratinase production medium was prepared. The bacterial
culture was inoculated and incubated at different temperatures
(17°C, 27°C, 37°C and 47°C) for 24 hours with constant
shaking at 200 rpm.

Substrate concentration

The keratinase production medium was prepared with different
percentages of feather meal substrate (2.5 mg/ml, 5.0 mg/ml,
10 mg/ml, 12.5 mg/ml, and 15.0 mg/ml). The bacterial culture
was inoculated and incubated at 37°C for 24 hours with
constant shaking at 200 rpm.

Inoculum percentage

The keratinase production medium was prepared. The bacterial
culture was inoculated with different percentage of inoculum (2
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%, 3 %, 4 %, 5 % and 6 %) and incubated at 37°C for 24 hours
with constant shaking at 200 rpm.

Characterization of enzymes
Effect of ph on keratinase activity

The keratinase production medium was prepared. The bacterial
culture was inoculated and incubated at 37°C for 24 hours with
constant shaking at 200 rpm. The keratinase assay was carried
out using S0mM Tris-HCI buffer of different pH (5.5, 6.5, 7.5,
8.5 and 9.5).

Effect of temperature on keratinase activity

The keratinase production medium was prepared. The bacterial
culture was inoculated and incubated at 37°C for 24 hours with
constant shaking at 200 rpm. The enzyme assay mixture was
incubated at different temperatures (25°C, 35°C, 45°C, 55°C
and 65°C).

Effect of substrate concentration on keratinase activity

The keratinase production medium was prepared. The bacterial
culture was inoculated and incubated at 37°C for 24 hours with
constant shaking at 200 rpm. The keratinase assay was carried
out at different concentrations of substrate (0.01g/ml, 0.05
g/ml, 0.10g/ml, 0.15g/ml and 0.20g/ml).

Effect of chemicals on keratinase activity (Cortezi et al,
2008)

Triton x-100, Isopropanol were added to the enzyme
preparation and incubated for 15 min at room temperature
before being tested for keratinolytic activity at 275nm.

Partial purification of keratinase (Tamilmani ez al, 2008)

After incubation, 50ml of Bacillus sp. cultured in feather meal
was centrifuged at 10000rpm for 20 minutes and the
supernatant was collected. The supernatant was prefiltered
through Whatmann No.1 filter paper for removing the residual
non-degraded particles. The filtrate was then filtered through a
0.45 pum pore size of sterile membrane filter to remove
bacterial cells and other suspended particles.

Degradation of keratin rich waste using partially purified
keratinase enzyme (Cortezi et al, 2008)

100 ml of medium-1, medium-2, medium-3 and medium-4
were taken in 4 different 500 ml conical flasks. 0.3g of raw
feather was transferred into all four different media. 5 ml of
partially purified keratinase was transferred into all four
conical flasks. Flasks were incubated for 3 days at 40°C with
150 rpm. Degradation of feather was visually inspected. The
degraded feather was dried and weighed.

RESULTS AND DISCUSSION

Screening on feather meal agar plates

The microbial growth in the serially diluted soil samples and
feather samples were found to be 52 and 65 different colonies

respectively. These colonies of microbes were further screened
for the production of Keratinase by Feather meal agar plates
out of which only 20 and 15 colonies produced zone of
clearance. The maximum zone of clearance in soil microbe was
8 mm (BS1) and that of feather sample was 7 mm (BF1).

Identification, Characterisation of Isolated Bacteria

The selected bacterial strains BS1 and BF1 were characterised
by microbial, cultural and biochemical examinations and the
results were observed. In microscopic examination, the
organisms were found to be Gram positive, motile in nature
and rod shaped. In cultural characterisation, they formed
irregular shape and smooth colonies on Nutrient agar and
showed turbid growth in Nutrient broth and liquefaction in
Gelatin stab. In the biochemical tests, the following tests were
found to be positive: Methyl red test, Citrate utilization,
Catalase test, Starch hydrolysis test, hydrolysis of Gelatin test,
whereas Indole and Voges—proskauer tests were found to be
negative. From the biochemical tests and based on Bergey’s
Manual of Determinative Bacteriology, the isolates were
identified as Bacillus Sp.

Production of Keratinase from Bacterial isolates

The Bacillus sp BSI and BF1 were cultured in keratinous and
non-keratinous substrates like feather meal and soy meal
medium  respectively and  were  analyzed  using
spectrophotometer at 280 nm, it showed that keratinase
producers grew fastidiously in feather meal medium. Hence
the enzyme production is considered more in feather meal
medium than in soy meal medium and also high keratinase
production was found to be with BS/ strain.

Determination of protein concentration

The protein concentration was determined using the estimation
of protein by Lowry et al. method. The result showed that the
protein concentration is more in feather meal medium than in
soy meal medium and also with BS/ strain. Therefore, further
studies were done using feather meal medium and Bacillus sp
BS1 strain.

Optimization of
production

culture conditions for Keratinase

pH

The optimum pH for keratinase production was found to be 7.5
(Fig. 1)

Temperature

The optimum temperature for keratinase production was found
to be 37°C (Fig.2)

Substrate concentration

The enzyme production was found to be more at a substrate
concentration of 10 mg/ml. (Fig.3)

Inoculum percentage

The enzyme production was found to be high at an inoculum
percentage of 4. (Fig.4)
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Effect of substrate concentration on Keratinase activity

Keratinase activity was measured at each substrate
concentration. The maximum keratinase activity was found to
be at 0.1 g/ml (Fig.7).
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Table 1. Effect of chemicals on keratinase activity

Chemicals Bacillus sp.

Percentage of enzyme activity

Triton-X 100
(0.1%)
Isopropanol
(1%)

179%

32%

From the Tablel, it was evident that the chemical Triton-X 100
increases the enzyme activity while Isopropanol reduces
enzyme activity. The addition of glucose (50mM) favoured the
growth of the strain as well as the keratinolytic activity
(Table 2). In the experiments carried out by Cortezi et al.
(2008), glucose concentration of 50mM in the culture medium
had a positive effect on keratinolytic activity. The addition of
NH,4Cl (50mM) favoured the growth of cell than the enzyme
production. The addition of casein (1%) and yeast extract (1%)
results in moderate enhancement of cell growth and enzyme
activity when compared with glucose and NH,4CI. The medium
with glucose as carbon source (50mM) favored the

Table 2. Degradation of keratin rich waste by partially purified Keratinase enzyme

Bacteria Feather weight before degradation

Feather weight after degradation

Reduction % of weight

Carbon source G* C* G*
Bacillus sp. 0.36 0.31

0.15

C* G* C*
0.17 59% 46%

G*= Glucose (5OmM), C*= Casein (1%)

Table 3.

Bacteria Feather weight before degradation Feather weight after degradation Reduction % of weight
Nitrogen source Y* A* Y* A* Y* A*
Bacillus sp. 0.34 0.41 0.19 0.26 45% 37%

Y*=yeast extract (1%), A*¥*= Ammonium chloride (SOmM).
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Effect of chemicals on Keratinase activity

Based on the work of Cortezi (2008), two chemicals were
selected for their effect on keratinase activity in utilizing
keratin rich substrates. The effect of chemicals on keratinase
activity was measured using the following formula:

growth of Bacillus strains which also results in degradation of
inoculated feathers (Table 3). In the present experiment, a
glucose concentration ofSOmM in the culture medium had a
positive effect. Comparatively, the experiment done by Cortezi
et al., (2008) with 50 mM of glucose in culture medium
showed a positive effect in production of enzyme.The usage of
casein, yeast extract and ammonium chloride, influenced the
growth and enzyme production but at low level than glucose.

REFERENCES

Alinezhad S., Mirabdollah A. 2009. Production of
recombinant keratinase for poultry feather degradation,
Industrial Biotechnology.7; 607-621

Allpress, J.D., Mountain G., Gowland P.C. 2002. Production,
purification, and characterization of an extracellular
keratinase from Lysobacter NCIMB 9497. Letters in
Applied Microbiology. 34; 337-342.

Anbu P., Gopinath S.B., Hilda A., Lakshmipriya T. and
Annadurai G. 2005. Purification of keratinase from poultry
farm isolate- Scopulariopsisbrevicaulis and statistical
optimization of enzyme activity. Enzyme Microb. Technol.
36; 639—647.

Anbu P., Hilda A., Sur HW., Hur B.K., Jayanthi S. 2008.
Extracellular keratinase from Trichophyton sp. HA-2
isolated from feather\ dumping soil. IntBiodeterior.
Biodegrad. 62; 287-292.



4418  Ramya et al. Isolation, optimization of production conditions, characterisation and partial purification of Keratinase enzyme from Bacillus sp.
Balaji S., Kumar M.S., Karthikeyan R., Kumar R, some local Streptomyces lIsolates. Australian Journal of

Kirubanandan S., Sridhar R. and Sehgal P.K. 2008.
Purification and characterization of an extracellular
keratinase  from a  hornmeal-degrading  Bacillus
subtilisMTCC (9102). World J. Microbiol. Biotechnol. 24;
2741-2745.

Bockle B., Galunsky B. and Muller R. 1995. Characterization
of a keratinolyticserineproteinase from Streptomyces
pactumDSM 40530. Appl. Environ. Microbiol. 61; 3705-
3710.

Brandelli A. 2005. Hydrolysis of native proteins by a
keratinolytic protease of Chryseobacteriumsp. Annals of
microbiology. 55(1); 47-50.

Brandelli A. 2008. Bacterial keratinase: Useful enzymes for
bioprocessing agroindustrial wastes and beyond. Food and
Bioprocess Technology.1(2); 105-116(12)

Brandelli A., Daniel J., Daroit and Riffel A. 2009. Biochemical
features of microbial keratinases and their production and
applications. Applied Microbiology and Biotechnology. 85;
1735-1750.

Cai C.G,, Chen J. S., Qi JJ.,, Yin Y., Zheng X.D. 2008.
Purification and characterization of keratinase from a new
Bacillus subtilis strain. J. Zhejiang UnivSci 9; 713-720.

Cai C.G, Lou B.G. and Zheng X.D. 2008. Keratinase
production and keratin degradation by a mutant strain of
Bacillus subtilis.Journal of Zhejiang. 9; 60-67.

Cheng S.W., Hu H.M., Shen S.W., Takagi H., Asano M. and
Tsai Y.C. 1996. Producton and characterisation of
keratinase of a feather degrading Bacillus licheniformis
PWD-1.Biochem. Biophys. Res.Commun.22(1); 63-67.

Chitte R.R., Nalawade V.K. and Dey S. 1999. Keratinolytic
activity from the broth of a feather-degrading
thermophilicStreptomyces thermoviolaceus strain SDS.
Lett. Appl. Microbiol. 28; 131-136.

Cortezi M., Cilli E. M. and Contiero J. 2008. Bacillus
Amyloliquefaciens: A new Keratinolytic Feather-degrading
Bacteria. Current Trends in  Biotechnology and
Pharmacy.2; 170-177.

Daniel M.T., Tapia, Lucia M. and Simoes G. 2008. Production
and partial characterization of keratinase produced by a
microorganism isolated from poultry processing plant
wastewater. African Journal of Biotechnology. 7; 296-300.

Dastager G., Syed, Lee J.C., Li W.J., Kim C.J. and Agasar d.
(X). Production, characterization and application of
keratinase from Streptomyces gulbargensis. Bioresource
Technology. 100; 1868-1871.

Esawy M.A. 2007. Isolation and Partial Characterization of
Extracellular Keratinase from a Novel
MesophilicStreptomyces albusAZA. Research Journal of
Agriculture and Biological Sciences. 3; 808-817.

Guichard B.L. 2008. Effect of Feather Meal Feeding on the
Body Weight and Feather Development of Broilers.
European Journal of Scientific Research. 24; 404-409.

Gupta R. and Ramnani P. 2006. Microbial keratinases and their
prospective  applications: an  overview.  Applied
Microbiology and Biotechnology. 70; 21-33.

Hublin, Andrea, Gradisar, Helena, Friedrich, Jozica, Vasic-
Racki and Durda 1997. Production and Isolation of
Keratinase from Filamentous Fungi.Croatian Society of
Chemical Engineering. 10; 1-4.

Kansoh A.L., Ebtsam N., Hossiny, Eman K. and Hameed A.
E. 2009. Keratinase production from feathers wastes using

Basic and Applied Sciences.3 (2); 561-571.

Karthikeyan R., Balaji S., Sehgal P.K. 2007. Industrial
applications of keratins—a review. J Scilnd Res 66; 710—
715

KaulS., and Sumbali G. 1997. Keratinolysis by poultry farm soil
fungi. Mycopathologia. 139; 137-140(4).

Korkmaz H., Hur H. and Diyncer S. 2004. Characterization of
alkaline keratinase of Bacilluslicheniformisstrain HK-1
from poultry waste. Annals Microbiol. 54;201-211.

Lal S. and Rajak R.C 1999. In vitro degradation of keratin by
two species ofBacillus. The Journal of General and Applied
Microbiology. 45; 283-287.

Latheef A., Oloke K., Guneguim Kana E. B., Soowale B. O., Ajao S. O,,
and Bello B. Y. 2009. Keratinolytic activities of a new feather-
degrading isolate of Bacillus cereus LAU 08 isolated from
Nigerian  soil.  International  Biodeterioration and
Biodegradation. 64; 162-165.

Letourneau, Soussotte, Bressollier, Branland and Verneuil
1997. Keratinolytic activity of Streptomyces sp. S K| gp: a
new isolated strain. Lett. Appl. Microbiol. 26;77-89.

Lin X., Lee C .G.,Casale E.S., Shih J.C.H. 1992. Purification
and characterization of a keratinase from a feather-
degrading Bacillus licheniformis strain. Appl. Environ.
Microbiol. 58; 3271-3275

Lowry O.H., Rosebrough N.J, Farr A.L. and Randall R.J. 1951.
Protein measurement with the Folin-phenol reagent. J. Biol.
Chem. 193; 265-275.

Macedo A. J., Silva W. O. B., Gava R., Driemeier D.,
Henriques J. A. P. and Termignoni C. 2005. Novel
keratinase from Bacillus subtilis S14 exhibiting remarkable
dehairing capabilities. App.l Environ. Microbiol. 71:594—
596

Matikeviciene V., Masiliuniene D. and Grigiskis S. 2009.
Degradation of keratin containing wastes by bacteria with
keratinolytic activity. EnvironmentTechnology.1; 284-289.

Moallaei H., Zaini F., Pihet M., Mahmoudi M. And Hashemi J.
2006. Isolation of keratinophilic fungi from soil samples of
forests and farm yards. Iranian J. Publ. Health. 35(4); 62-
69

Moniruzzaman M., Rahman A. and MozammelHoq A. 2007.
Optimization of Mediu m Ingredients for Keratinolytic
Protease Production by Bacillus licheniformisMZK-03
using Statistical Experimental Designs.Bangladesh j.
Microbiol. 24; 52-56.

Nagal S. and Jain P. C. 2009. Feather degradation by strains of
bacillus isolated from decomposing feathers. Brazilian
Journal of Microbiology. 41; 196-200

Owen, R.A., Fullerton, J. and Barnum, D.A., 1983. Effects of
transportation, surgery, and antibiotic therapy in ponies
infected with Salmonella. Am.J. Vet Res., 44, 46-50.

Pissuwan D. and Suntornsuk W. 2001. Production of keratinase
by Bacillus sp. FK 28 isolated in Thailand.Kasetsart
Journal (Natural Science) 35 (2); 171-178.

Ramnani P. and Gupta R. 2007. Keratinase vis-a-vis
conventional proteases and feather degradation. World J.
Microbiol. Biotechnol. 23; 1537-1540

Regina M.D.B., Santos, Alexandre A.P., Firmino, Cezar M.,
deSaand Felix C.R. 1996. Keratinolytic Activity of
Aspergillusfumigatus  Fresenius. Current Microbiology.
33(6); 364-370.



4419

International Journal of Current Research, Vol. 6, Issue, 01, pp. 4413-4419, January, 2014

Riffel A. and Brandelli A. 2006. Keratinolytic bacteria isolated
from feather waste. Brazilian Journal of Microbiology. 37,
395-399.

Riffel A., Lucas F., Heeb P. and Brandelli A. 2003.
Characterization of a new keratinolytic bacterium that
completely degrades native feather keratin. Microbial.
Ecology. 45(3); 282-290

Saber W.ILA., El-Metwally M.M. and El-Hersh M. S. 2010.
Keratinase production and biodegradation of some
keratinous wastes by Alternariatenuissimaand
Aspergillusnidulans. Research journal of microbiology.5;
21-35.

Sangali S. and Brandelli A. 2000. Isolation and
characterization of a novel feather degrading bacterial strain
poultry science. Journal of Applied Microbiology..89(5);
735-743.

Savitha G.J., Roma D., Tejashwini M.M., Revati N. and
Sridevi R.  2007. Isolation, identification and
characterization of a feather degrading bacterium.
International Journal of Poultry Science. 6; 689-693.

Selvam K. and Vishnupriya B. 2012. Biochemical and
Molecular Characterization of Microbial keratinase and its
remarkable  applications.  International Journal of
Pharmaceutical and Biological archives 3(2); 267-275.

Son H.J., Park H.C, Kim H.S. and Lee C.Y. 2007. Nutritional
regulation of keratinolytic activity in Bacillus pumilis.
Biotechnology Letters. 30(3); 461-465

Suntornsuk W. and Suntornsuk L. 2002. Feather degradation
by Bacillus sp. FK 46 by submerged -cultivation.
Bioresoruce Technology 86: 239-243

Suntornsuk W., Poonthrigpun S. and Jeeranaithanawat S. 1999.
Identification of feather-degrading bacteria and their
keratinase production. Kasetsart j. (Nat. sci.). 23(1); 143-
149.

Suntornsuk  W., Tongjun J.,, Onnim P., Oyama H.,
Ratanakanokchai K., Kusamran T., Oda K. 2005.
Purification and characterisation of keratinase from a
thermotolerant feather-degrading bacterium. World J
Microbial Biotechnol. 21; 1111-1117.

Tamilmani P., Umamaheswari A., Vinayagam A. and Prakash
B. 2008. Production of an Extra Cellular Feather Degrading
Enzyme by Bacillus licheniformislsolated from Poultry
Farm Soil in Namakkal District (Tamilnadu). International
Journal of Poultry Science T; 184-188.

Tork S., Aly M., and Nawar L. 2009. Biochemical and
Molecular ~ Characterization of a New  Local
KeratinaseProducing  Pseudomomanassp. MS21.Asian
Journal of Biotechnology.2; 1-13.

Wang J.J., Rojanatavorn K., and Jason C.H., Shih 2004.
Increased production of Bacilluskeratinase by chromosomal

integration of multiple copies of the kerA
gene.Biotechnology and Bioengineering. 87; 459-464.
Wawrzkiewicz K., Wolski T., and Lobarzewski J. 1991.

Screening the keratinolytic activity of dermatophytesin
vitro. Mycophthologia.14; 1-8.

Werlang P.O. and Brandelli A. 2005. Characterization of a
novel feather degrading Bacillus sp. strain. Developmental
dynamics. 23(2); 256-267.

Xie F., Chao Y., Yang X., Yang J., Xue Z., Luo Y. and Qian S.
2009. Purification and characterization of four keratinases
produced by Streptomyces sp. strain 16 in native human
foot skin medium. BioresourTechnol 101:344-350

Xu B., Zhong Q., Tang X., Yang Y. and Huang Z. 2009.
Isolation and characterization of a new
keratinolyticbacterium that exhibits significant feather-
degradingcapability. African Journal of Biotechnology. 8;
4590-4596.

Zaghloul T.I., Al-Bahra and Al-Azmeh 1998. Isolation,
identification and keratinolytic activity of several feather
degrading bacterial isolates. Archives of environmental
contamination and toxicology 35(1); 70-74

Zerdani M., Faid M. and Malki A. 2003. Feather wastes
digestion by new isolated strains Bacillus sp. in Morocco.
African Journal of Biotechnology. 3(1); 67-70.

Zhang B., Sun Z.W., Jiang D.D. and Niu T.G. 2009. Isolation
and purification of alkaline keratinase from Bacillus sp. 50-
3. African Journal of Biotechnology. 8; 2598-2603.

sk sk sk sfe s skook



