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ABSTRACT 

Keratin in its native state is not easily degraded even by other proteolytic enzymes and chemical 
reagents due to the composition and molecular configuration of constituent amino acids in 
addition to the disulphide bonds and also its insolubility. The degradation of keratinous material 
is important medically and agriculturally. They are used as detergent additives to aid in removal 
protenious stains. Also used to enhance drug delivery and used in bioprocessing of used X-ray or 
photographic films for silver recovery and leather processing. In present study, keratinase 
producers were isolated from 50 leather samples. Out of 42 microorganisms isolated, the most 
efficient bacterial isolate SA1 was used for further study. The isolate was able to produce of 38.7 
U/ml keratinase over a wide pH range from 5-9 and from 10-45°C within 48 h. The isolate was 
also able to produce collagenase, caseinase and gelatinase. Hence, the isolate SA1 can be 
efficiently used to treat waste in leather industry. 
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INTRODUCTION 
Leather is used everywhere in daily life.  It has 
been indispensable item throughout history and 
is necessary to modern civilization in form of 
shoes, clothing, harness, belts and endless other 
useful articles. Leather products are also used in 
industrial sectors. In converting animal skins into 
leather, a series of treatments is used to modify 
the structure of the skin so that the resulting 
leather is soft, supple and receptive to fastdyes. 
Proteins provide the major structural component 
of which 96.5% are the fibrous proteins collagen 
(98%), elastin (1%) and keratin (1%), whereas 
only 3.5% are albumin and globulin. The leather 
is an organic material that contains many 
nutrients for microorganisms. After the death of 
animal thousands of microorganisms can grow 
on the hide as the raw material of tanners are not 
sterile.1 Keratin is the insoluble structural protein 
of feathers, leather and wool and is known for its 
high stability.2 The composition and molecular 
configurations of its constituent amino acids 
warrant structural rigidity. The keratin chain is 
tightly packed in the α-helix (α-keratin)or β-sheet 

(β-keratin) into a super coiled polypeptide chain3,  
resulting in mechanical stability and resistance to 
common proteolytic enzymes such aspepsin, 
trypsin and papain. In addition, cross-linking 
ofprotein chains by cysteine bridges confers high 
mechanical stability and resistance to proteolytic 
degradation of keratins. Structural keratin can be 
degraded by some microorganisms4. Keratinol-
ytic enzymes may have important uses in 
biotechnological processes involving keratin-
containing wastes from poultry and leather 
industries, through thedevelopment of non-
polluting processes.4,5  

AIMS AND OBJECTIVES 
The current investigation has been focused on 
keratinolytic microorganisms isolated indigenous 
-sly from leather samples. 

MATERIAL AND METHODS 
Chemicals 
Nutrient broth (M002-100G), metal ions and 
organic solvents were obtained from Hi media 
Ltd. Mumbai. Phenylmethyl sulphonyl fluoride  
[PMSF], Dimethylsulphoxide [DMSO] were 
obtained from Sigma Chemical Co. USA. All 
other reagents were of analytical grade. *Author for correspondence 
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Preparation of feather meal 

The feather meal was prepared from native 
chicken    feathers   as  described  by  Tork  et al.6 
and Saibabu et al.7with modifications. The 
feathers were cut with scissors in to small pieces 
of 3 to 4 cm long and washed several times with 
tap water. Defatting of feather pieces was done 
by soaking a mixture of chloroform : methanol 
(1:1) for 2 days followed by chloroform : 
acetone: methanol (4:1:3) for 2 days. The solvent 
was replaced every day. The feathers were 
finally washed several times with tap water to 
eliminate the solvent residual, dried at 60°C for 
24 h8, grinded using electrical mixer blender 
(Ken star Senator PCMG 0120) and used as 
feather meal. 
Isolation, screening and identification of 
keratinase producing bacteria 
Keratin degrading micro-organisms were isolated 
from deterioted leathers samples collected from 
leather industries from Maharashtra state. 
Primary screening 
The leather samples were incubated in 5 g/L 
peptone solution at 37oC for 24 h. Initial isolation 
was carried out on nutrient agar.The colonies 
with different morphology were picked and 
purified using streak of composition 10g/L 
feather meal, 0.5g/L Nacl, 0.3g/L K2HPO4, 
0.4g/L KH2PO4 and 20g/L Agar) and incubated 
at 37oC for 2days9 and at the same time caseinase 
and gelatinase activity was also detected.10, 11 
Secondary screening 
A well isolated colony was used for screening for 
their ability to hydrolyze keratin (1%)in feather 
meal agar plates.9 Development of keratinase-
producing bacteria was confirmed by the pres-
ence of a clear zone around the bacterial colony. 
The colonies with highest keratin hydrolyzing 
ability showing maximum clear zone were 
picked up and purified by repeated screening on 
the same medium. Pure cultures were maintained 
on casein agar plate slants at 4°C. The isolate 
was identified by morphological and biochemical 
characteristics as described in the Bergey’s 
manual of systematic bacteriology.12 
Estimation of protein  
The protein content of bacteria was detected by 
the   Folin   Lowry   method   using bovine serum  

albumin (BSA) as a standard. The color 
developed was read at 660 nm13. 
Submerged fermentation 
One of the efficient producers was selected for 
further study. Submerged fermentation was 
performed by inoculating pure culture of the 
isolate into the production medium containing 
feather meal (1%), yeast extract (0.01%), NaCl 
(0.05%), KH2PO4 (0.03%), K2HPO4 (0.04%) and 
MgCl2 (0.01%) of pH 8 which is the optimum pH 
for the growth of the isolate. The incubation was 
carried out at 37ºC for 3 days at 180 rpm.14 The 
broth was centrifuged (REMIC-30 BL 
centrifuge, India) at 10,000 rpm for 10 min and 
the supernatant was used as crude enzyme.7 
Keratinase assay 
Keratin from feather meal was used as a 
substrate. The 5 mg keratin was suspended in 1 
mL 50 mmol/L Tris-HCl buffer (pH 8.0). The 
reaction mixture contained 1 mL keratin 
suspension and 1 mL appropriately diluted 
supernatant. The reactions were carried out at 
50oC with constant agitation of 200 r/min for 1 
hr. After incubation, the reactions were stopped 
by adding 2 mL 0.4M trichloracetic acid (TCA) 
and followed by filtration to remove the 
substrate. The filtrate was spectrophotometrically 
measured at 595 nm. One unit (U) of keratinase 
activity was defined as the amount of enzyme 
causing 0.01 increases in absorbance between 
sample and control at 595 nm after one hour 
under the given conditions. The result was taken 
as an average of three  replicates.15 
Optimization of culture conditions for 
keratinase production 
The effect of pH and temperature on keratinase 
production was individually tested by taking the 
production media at different pH and 
temperature. The effect of substrate 
concentration on the production of keratinase 
was tested by adding different concentrations of 
feather meal as a substrate in the production 
medium. The fermentation media were assayed 
every day for keratinase production till a decline 
was observed in the enzyme activity. For time 
course analysis of keratinase production, the 
isolate was grown in the optimized growth 
medium and the activity was measured every day 
for a period of four days.7 
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RESULTS AND DISCUSSION 
Isolation, screening and identification of 
keratinase producing bacteria 
Feather meal was used as a crude substrate for 
isolation of keratinase producing bacteria from 
fifty leather samples. The isolates were tested for 
caseinase and gelatinase producing ability as 
bacteria producing these enzymes generally 
produce    keratinase.

10, 11,16    The    isolates   were  

screened for keratinase production on feather 
meal agar. Out of 48 isolates, one of the efficient 
producer was used for further study. Preliminary 
identification of the selected isolate was carried 
out by morphological and biochemical 
characters. The isolate was gram positive rod, 
motile and showed ellipsoidal central sub 
terminal spores, opaque, large, irregular and 
moist colonies on feather meal agar. Biochemical 
characteristics of the isolated were as in Table 1. 

Table 1 : Biochemical characteristics 

S/N            Characteristics Result 
1 Catalase Positive 
2 Oxidase positive 
3 Caseinase Positive 
4 Gelatinase positive 
5 Lecithinase production Positive 
6 Keratinase Positive 
7 Indole production test Negative 
8 Voges- proskaeur test Negative 
9 Citrate utilization Positive 
10 Nitrate reduction Positive 

11 Deamination of 
phenylalanine Negative 

12 Starch utilization Positive 
13 Mannitol fermentation Acid-negative, Gas negative 
14 Glucose fermentation Acid-positive, Gas-negative 

Collectively, these morphological and 
biochemical characteristics indicate that the 
present isolate from leather sample belongs to 
Genus Bacillus megaterium. 
Estimation of protein 
Protein estimation was carried out by Folin -
Lowry Method13 using BSA as a standard and 
found to be 2.2µg/ml. 
Submerged fermentation 
Production medium containing feather meal was 
used for submerged fermentation. Feather meal 
was the only source of carbon. The fermentation 
was carried out at 37°C at 180 rpm for three 
days. The pH of the medium was adjusted to 8 as 
it was optimum pH for the isolate. After 3 days, 
the production medium was centrifuged at 10000 
rpm for 10 min. The supernatant obtained was 
used as a crude source of enzyme. 

Keratinase assay 
After three days, supernatant obtained was 
subjected to keratin assay by using feather meal 
as a substrate. The isolate was able to produce 
38.7±0.019 U/ml of keratin. Bacillus megaterium 
KB008 produced 26.15±0.3 U/ml, Bacillus 
subtilis KB099 gave 25.40 U/ml±0.1 while 
Bacillus cereus produced 39.10±0.4 U/ml.17 
Bacillus produced 29.5U/ml after six days 
incubation.16  The amount of keratinase produced 
by our isolate was after three days of incubation. 
Optimization of culture conditions for 
keratinase production 
Effect of pH : 
The isolate showed keratinase production from 
pH 7 to 10, maximum activity at pH 8 giving 
32 U/mlafter 3 days (Fig. 1). Bacillus 
megaterium maximum activity at pH 10 gave 
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11U/ml after 72 h.7 Bacillus licheniformis 
showed optimum activity at pH 8 gave 

12U/ml.18 Our isolate showed maximum 
activity thanthe reported values. 

 
Fig. 1 : Effect of pH on keratinase production 

Effect of temperature 
The isolate showed keratinase production at a 
temperature range of 37-45°C after 72h. At 
10°C detectable keratinase production was 
observed after 72h which was found to be 
0.56U/ml. Maximum  production of 30 U/ml at  

40°C (Fig. 2) was observed indicating 40°C 
was an optimum temperature for keratinase 
production. Keratinase of B .cereus 1268 and B 
.licheniformis 1269 were also optimally 
reported at 40°C.16 B. pseudofirmus, optimum 
temperature 60°C was reported.

14 

 
Fig. 2 : Effect of temperature on keratinase production 

Effect of different substrate concentration 
The amount keratinase production depend on 
substrate concentration,present isolate shown 
maximum keratinase production of 30.8U/ml at 
1.5% concentration of feather meal after 72h 
(Fig. 3). Saibabu et al7 reported maximum 
keratinase production at 1.5% concentration 
within three days. B.weihenstephanensis PKD-5 
showed 13.81U/ml  at 1% within seven days.

11
 In  

present studies increased concentration of feather 
decreasedthe enzyme production suggesting 
catabolic repression on keratinase production. 
Effect of incubation time 
Present isolate shown keratinase production 
from 12 hrs. The maximum keratinase 
production was observed at 72 h (Fig. 4). B. 
megaterium shown maximum keratinase on 
3rdday.7 The maximum activity for Bacillus 
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TS2 in 96h was reported.19 B.thurengensis SN2 
shown maximum production on 5th day.20 

Bacillus strain SAA5, on 7th day21-25 amongst 

the literature cited, our isolate was found to 
produce maximum keratinase production in 
minimum incubation period.  

 

 
Fig. 3 : Effect of different substrate concentration 

 
Fig. 4 : Effect of incubation time 

CONCLUSION 
Forty-eight extracellular keratinase producers 
were isolated from deterioted leather samples. 
These bacteria were grown on basal medium 
with feather as its primary source of carbon and 
nitrogen. The maximum enzyme activity at 
optimum temperature, pH and substrate 
concentration and incubation time was 32U/ml 
for the present isolate. Hence, it can be 
concluded that this keratinolytic isolate can be 
utilized for recycling keratin-rich agro industrial 
byproducts. 
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