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Introduction                                                                        
Keratinases is a sub-class of p
enzymes produced by microorganisms. 
Keratinases can be obtained from 
fungi and actinomycetes. Keratinases are 
extracellular microbial proteases produced 
in an environment rich in keratinous 
substrates such as feathers, hairs, nails 
etc1. Microbial keratinase medi
biodegradation of keratin rich wastes 
eco-friendly biotechnological process, 
which converts  profuse waste into low
cost, nutrient-rich materials2. 
mediated hydrolysis of feathers 
significantly enhances the level of 
essential amino acids in the product. High 
protein content of keratin waste can be 
used as a good source of protein and amino 
acids by systemic recycling
provides a cheap and alternative protein 
(amino acid) feed stuff for animal and for 
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many other purposes3. However, poor 
digestibility of keratin is a problem in 
recycling. Bikaner district and its nearby 
area have good population of people who 
are non-vegetarians. There are a good 
number of poultry farms in and around the 
city, generating lot of feather wastes on 
daily basis. These feathers dumped in the 
dumping areas cause foul smell and health 
hazard. So, converting this waste in to a 
useful product would preserve t
health of the environment and would also 
help in achieving the goal of “waste to 
wealth”. In this process keratinophillic 
microorganism consume the keratin wastes 
and clean the environment. Besides waste 
remediation, keratinases have applications 
in traditional industrial sectors including 
feed, detergent, medicine, cosmetics and 
leather manufacture1,3,4.  Crude enzyme 
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can also act as a nutraceutical product, 
leading to significant improvement  and 
prominently in chicken breed 
performance1,3. They also find application 
in more recent field such as prion killing 
for treatment of the dreaded mad cow 
disease, biodegradable plastic manufacture 
and feather meal production5-7. 
Materials and Methods 
Media and reagents: 
Skim Milk Powder (SMP) agar medium ( 
Himedia catalog no. -M763), Keratin 
Powder (KP) agar  medium (Composition 
g/l: Keratin powder- 5.0, Peptone- 5.0, 
Yeast extract- 3.0, Agar-Agar powder- 
20.0, pH-7.4, Double Distilled water- to 
make the final volume to 1000ml), 
Nutrient Broth (NA)  (Composition g/l: 
Peptone- 5.0, Sodium chloride-5.0, Meat 
Extract-1.5, Yeast Extract-1.5, pH-7.4, 
Double Distilled water- to make the final 
volume to 1000ml)  Nutrient agar (NA)- 
NA was prepared by adding  agar-agar at a 
concentration of 1.5% to NB. Production 
Medium-I was prepared as per the 
modified method of8. ( Composition g/l: 
NaCl – 0.5, KH2PO4-0.7, K2HPO4-1.4, 
MgSO4-0.1, Yeast Extract-2.0, Keratin 
Powder-1.0 (Prepared from chicken 
feather as described in section-Preparation 
of Keratin powder), pH-7.0, Distilled 
water- 50 ml, Production medium-II 
(Composition g/l: Peptone-0.12, Yeast 
extract-0.075, Keratin powder – 0.25, pH-
7.0, Distilled Water-25ml. Acetone, 
Dimethyl sulphoxide (DMSO), Trichloro 
acetic acid (TCA). Keratin powder - 
prepared as per the method of8. 
Preparation of Keratin powder:  
Collection of Chicken Feathers  
Chicken feathers were collected from 
Poultry farm of RAJUVAS, Bikaner. The 
feathers were washed with tap water for 2-
3 times. These were dried in sun light or 
oven for 2-3 days. After drying the 
feathers were cut into small pieces and 
ground with the help of mixer grinder. 
Ground feathers were dipped into DMSO 
solution and heated at 100º C for 2 h. After 

heating the solution was cooled at room 
temperature.  
Precipitation of Keratin Powder: 
Feathers were first washed to clean them 
using either distilled water or chloroform 
& methanol mixture or distilled water and 
detergent. The washed feathers were used 
for keratin extraction as follows: 

To 100 ml of feather containing 
solution 50 ml of chilled acetone was 
added and mixed well. This resulted in 
precipitation of keratin. The precipitation 
was removed by passing the solution 
through Whatman filter no. 4. The 
precipitate was washed with distilled water 
for 2-3 times. It was then dried in an oven 
at 50º C for 30 minutes. After drying the 
keratin precipitate was stored in 
refrigerator for further use. Three types of 
feather powder were prepared based on the 
preparation method :- 
(A) Keratin Powder 1:- Feathers were 
washed with distilled water.  
(B) Keratin Powder 2 :- Feathers were 
washed with Chloroform and Methanol. 
(C) Keratin Powder 3:- Feathers were 
washed with distilled water and Detergent. 
Screening for Keratinase Producing 
Microorganisms: 
Sample collection 
Soil sample were collected from different 
poultry farms of Bikaner district using 
sterile plastic bags and sterile spatula. The 
soil samples were brought to the laboratory 
of the Department and stored in 
refrigerator until further use. 
Isolation of Bacteria: 
Appropriate dilutions (10-1 to 10-7) of soil 
samples were prepared sterile normal 
saline solution and 0.1 ml of each dilution 
was plated on to nutrient agar plates. The 
plates were then incubated at 37 ºC  for 24 
h and were observed for bacterial colonies. 
Screening of Keratinolytic Bacteria: 
Qualitative screening: 
Qualitative screening was performed on 
two different media, that is SMP and KA. 
The bacterial isolates were streaked onto 
SMP plates. The streaked SMP plates were 
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incubated at 37ºC for 24h and then 
observed for hydrolytic zones. The 
bacteria which showed hydrolytic zones on 
SMP plates were streaked on KA plates to 
confirm their keratinolytic activity. 
Quantitative Screening: 
In order the select a potential Keratinase 
producing bacterial isolate on the basis of 
high titre of keratinase activity. The 
keratinase positive bacterial isolates were 
grown in fermentation broth for 
determining the titre value of extracellular 
keratinase produced by them. The detailed 
methodology is given below:- 
(i) Preparation of Seed Culture 
Seed culture of a bacterial isolates was 
prepared by inoculating a single colony of 
the isolate to NB. The inoculated NB was 
incubated at 37º C till the OD280nm reached 
between 0.8 to 1.0. 
(ii) Fermentative Production of 
Keratinases by Bacterial Isolates 
Inoculation of a bacterial culture from seed 
medium was performed by adding 1 ml of 
it into 50 ml of the production medium 
contained in 250 ml Erlenmeyer flask. The 
inoculated flasks were incubated at 37º C 
& 150 rpm for 48h.  
(iii) Recovery of Crude Keratinase 
Enzyme by Centrifugation 
For determination of keratinase production 
profile in the fermentation medium, broth 
Samples from the fermentation broth were 
taken at 24 h and 48 h. The broth samples and 
were centrifuged at 10000 rpm for 10 min. 
After centrifugation the supernatant having 
the extracellular Keratinase was taken in 
another vial for determination of enzyme 
activity and further experimental works. 
Quantitative Assay of Keratinase: 
Quantitative assay of extracellular 
keratinase was performed using the assay 
method given by Gradisar et al.9. 
Assay method 
The keratinolytic activity assay was 
performed as per the method described by 9.  
Enzyme Unit 

defined as an increase of corrected A280 for 
0.100 under the conditions described.  
Application of Keratinase in Stain 
Removal from Fabrics: 
Keratinase being a protease enzyme has 
the ability to remove proteinaceous stains 
from fabrics. Keeping this in mind the 
crude extracellular keratinase was used for 
removal of different type of stains from 
cloths. As proteases are generally added to 
detergents as washing-aids to clean protein 
based stains, the B. Tequilensis S-5 
keratinase was evaluated for stability in 
different detergents.  
Evaluation of Stability of keratinase in 
Different Detergents: 
In order to determine the stability of 
keratinase in different detergents, it was 
incubated with different detergents 
comprised of 1 ml keratinase (supernatant) 
+ 1 ml of 0.2 % detergent*. 100 µl of 
enzyme + detergent solution was added to 
respective wells on KA plates with the 
help of Micropipette. The plates were then 
incubated at room temperature for 
overnight. Next day spray 10% TCA 
(Tricholoro acetic acid) on Plate. 
*Detergents used- Nirma, Tide, Wheel and 
Arial. 
Wash performance experiment 
For wash performance enzyme was used to 
remove blood and  coffee stains from the 
cotton fabrics as described below:  
Blood and coffee were used separately to 
stain cotton fabric pieces of 30×30 mm  
dimension. The stained fabric pieces were 
dried at 40ºC for overnight. The dried 
fabrics were then washed using methods as 
described in A,B,C and D.  
A) 10 ml of Tap water 
B) 8 ml of  Tap water + 2 ml of 

keratinase (crude fermentation broth 
without cells) 

C) 10 ml of 0.2% detergent solution 
D)  8 ml  of 0.2 % detergent solution+ 2  

ml keratinase (crude fermentation 
broth without cells) 

One unit (U) of keratinolytic activity is 
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Figure 1 :-Soil Sample Collection Site 1

Figure 3:- Feathers collection site                             

Figure 5:- Feather Drying in Oven 

                                     Figure 7:- Keratin Powder Extraction Unit 

Figure 8: Keratin precipitates obtained using different methods: 
(B) feathers were washed with Chloroform and Methanol
and 1% Detergent solution (1:1) 
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Sample Collection Site 1                                        Figure 2:-Soil Sample Collection Site

        
                                                   Figure 4:- Feather collection site 

      
Feather Drying in Oven                        Figure 6:- Feather Drying in Sun Light

     
Keratin Powder Extraction Unit (Soxhlet Extraction Unit) 

Keratin precipitates obtained using different methods: (A) feathers were washed with distilled water
were washed with Chloroform and Methanol (1:1) (C) feathers were washed with distilled water 

C B 

 
Sample Collection Site 2                                                                                            

     
Feather collection site  

Feather Drying in Sun Light 

 

 
were washed with distilled water 

feathers were washed with distilled water 
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Results and Discussion 
Qualitative and Quantitative Screening for 
Keratinase Producing Bacteria: 
Dilution plating of soil samples on NA 
plates resulted in a total of 96 bacterial 
isolates. Out of these 96 bacterial isolates, 
44 bacterial isolates were positive for 
protease activity as they exhibited 

hydrolytic zones on SMP agar plates. 
However, out of these 44 bacterial isolates 
only 15 were positive for keratinase 
activity as they produced hydrolytic zones 
on KA medium also. The results of 
qualitative screening on these two media 
are presented in Table 1.  

 
Table 1:- Result of Qualitative and Quantitative Screening for Bacterial Keratinase Producers 

S.No. 

 

Bacterial Isolate no. Qualitative Screening Quantitative Screening 

Zone of 
Hydrolysis on KP 

agar medium 
(mm) 

Zone of Hydrolysis 
on SMP agar 
medium (mm) 

Keratinase activity  (U/ml)  

1. Isolate no.1 0.6 0.7 2.5 
2. Isolate no.2 0.7 0.7 1.0 
3. Isolate no.3 0.6 0.8 2.6 
4. Isolate no.4 0.7 0.8 8.9 
5. Isolate no.5 0.8 0.9 11.6 
6. Isolate no.31 0.7 0.7 3.1 
7. Isolate no.42 0.6 0.7 1.0 
8.   Isolate no.44 0.6 0.7 3.0 
9. Isolate no.48 0.6 0.6 2.4 
10. Isolate no.49 0.6 0.7 1.4 
11. Isolate no.53 0.5 0.6 1.1 
12. Isolate no.65 0.6 0.7 1.3 
13. Isolate no.82 0.4 0.6 0.8 
14. Isolate no.86 0.5 0.6 1.7 
15. Isolate no.92 0.5 0.6 1.2 

Screening results presented in Table 1 
shows that out of 96 total bacterial isolates 
obtained from different soil samples, 15 
were confirmed keratinase producers as 
they hydrolyzed the keratin substrate 
present in the KP agar medium and 
exhibited hydrolytic zones around their 
colonies as shown in Fig. 1. These isolates 
were further subjected to quantitative 
screening to quantify the keratinase 
produced by them in terms of enzyme titre 
values (U/ml) of the fermentation broth. 
The results showed that isolate S-5 
exhibited maximum keratinase activity i.e. 
11.6 U/ml. This isolate was therefore 
selected for further investigations. Next 
highest keratinase producer was bacterial 
isolate S-4, which produced 8.9 U/ml of 
keratinase. Many of the previous 
researchers have used milk or casein as a 
substrate for screening of microbial 

keratinase activity1,6,10. However, milk or 
casein are generic substrate used for 
determining proteolytic activity. In order 
to ascertain the keratinolytic activity of 
any sample the screening medium should 
include either pure keratin or any source of 
keratin like feathers, hairs or wools etc. In 
this regard some researchers11,12 have used 
Azokeratin/Keratin azure as a substrate for 
determining keratinase activity in bacterial 
samples. Whereas, others10 have used raw 
feathers as substrate for determination of 
keratinase activity in different fungal 
samples.  
Culture Characterization and 
Identification: 
The bacterial isolate S-5 was subjected to 
various morphological and biochemical 
tests in order to identify it. The 
morphological and biochemical tests are 
presented in Table 2. 
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CHARACTERISTICS OBSERVATION 
Physiological characteristics 
Sporulation Positive 
Motility Motile 
Morphological characteristics 
Shape of bacteria Rod shaped 
Colony shape Round with 

undulations 
Colony surface Smooth & shiny 
Colony margin  Undulating 
Colony appearance Whitish  
Colony elevation Convex 
Colony opacity Opaque 
Biochemical characteristics 
Glucose catabolism Positive 
Catalase Positive  
Citrate Positive  
Flagella Flagellated 
Gas Negative 
Gelatin Hydrolysis Positive  
Indole Negative 

Table 2: Results of morphological, physiological, 
cultural and biochemical characteristics of bacterial 
isolate S-5  
16S rRNA Identification of the Bacterial 
Isolate S-5:  
16S rDNA sequence of the culture: 
GGGAGCTTGCTCCCTGATGTTAGCG
GCGGACGGGTGAGTAACACGTGGG
TAACCTGCCTGTAAGACTGGGATAA
CTCCGGGAAACCGGGGCTAATACCG
GATGGTTGTTTGAACCGCATGGTTC
AAACATAAAAGGTGGCTTCGGCTAC
CACTTACAGATGGACCCGCGGCGCA
TTAGCTAGTTGGTGAGGTAATGGCT
CACCAAGGCAACGATGCGTAGCCG
ACCTGAGAGGGTGATCGGCCACACT
GGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTAGGGAAT
CTTCCGCAATGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGA
AGGTTTTCGGATCGTAAAGCTCTGT
TGTTAGGGAAGAACAAGTACCGTTC
GAATAGGGCGGTACCTTGACGGTAC
CTAACCAGAAAGCCACGGCTAACTA
CGTGCCAGCAGCCGCGGTAATACGT
AGGTGGCAAGCGTTGTCCGGAATTA
TTGGGCGTAAAGGGCTCGCAGGCG
GTTTCTTAAGTCTGATGTGAAAGCC
CCCGGCTCAACCGGGGAGGGTCATT

GGAAACTGGGGAACTTGAGTGCAG
AAGGTAGTCCACGCCGTAAACGATG
AGTGCTAAGTGTTAGGGGGTTTCCG
CCCCTTAGTGCTGCAGCTAACGCAT
TAAGCACTCCGCCTGGGGAGTACGG
TCGCAAGACTGAAACTCAAAGGAA
TTGACGGGGGCCCGCACAAGCGGT
GGAGCATGTGGTTTAATTCGAAGCA
ACGCGAAGAACCTTACCAGGTCTTG
ACATCCTCTGACAATCCTAGAGATA
GGACGTCCCCTTCGGGGGCAGAGTG
ACAGGTGGTGCATGGTTGTCGTCAG
CTCGTGTCGTGAGATGTTGGGTTAA
GTCCCGCAACGAGCGCAACCCTTGA
TCTTAGTTGCCAGCATTCAGTTGGG
CACTCTAAGGTGACTGCCGGTGACA
AACCGGAGGAAGGTGGGGATGACG
TCAAATCATCATGCCCCTTATGACC
TGGGCTACACACGTGCTACAATGGA
CAGAACAAAGGGCAGCGAAACCGC
GAGGTTAAGCCAATCCCACAAATCT
GTTCTCAGTTCGGATCGCAGTCTGC
AACTCGACTGCGTGAAGCTGGAATC
GCTAGTAATCGCGGATCAGCATGCC
GCGGTGAATACGTTCCCGGGCCTTG
TACACACCGCCCGTCACACCACGAG
AGTT 
On the basis of biochemical characteristics 
and 16S rRNA analysis the selected 
bacterial isolate was identified as a strain 
of Bacillus tequilensis. 
Bacterial keratinases have been reported 
from different bacterial genera such as 
Fervidobacterium, Pseudomonas, 
Microbacterium, Proteus, Streptomyces , 
Bacillus and others 1,2.13. However, the 
most prominent bacterial genus for 
keratinase production is Bacillus, with 
many species reported for keratinase 
production, such as Bacillus 
licheniformis14 , Bacillus pumilus15 
Bacillus subtilis16,17, Bacillus 
amyloliquefacien18, Bacillus cereus19 and 
Bacillus halodurans20. The bacterial 
isolate reported in this paper has been 
identified as Bacillus tequilensis. 
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Figure 9:- Keratin Positive Bacterial isolates showing hydrolytic zone around the streak and isolated 
colonies on SMP agar plates 
 

                        
          

           
                      Figure 10: Confirmation of keratinase activity on Keratin Powder (KP) agar plates              
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Evaluation of Bacillus tequilensis S-5 
keratinase for stability in detergents  

  
Fig. 11:- Detergent stability of S-5 keratinase in 
Nirma,Tide, Wheel and Arial.  
From Fig. 11 it is clear that the keratinase 
of Bacillus tequilensis S-5 exhibited higher 
stability in Nirma compared to other 
detergents. So the combination of S-5 
keratinase with Nirma was used for wash 
performance experiments. Keratinase 
activity of S-5 was measured as zone 
diameter on KP agar plates ( Fig 11 ) after 
24 h of incubation. 
The result of wash performance 
experiment as observed from Fig12. shows 
that the keratinase from Bacillus techlensis 
(S-5) culture completely removed coffee 
and blood stains. 
From Fig 12 it can be observed that the 
Bacillus tequilensis S-5 keratinase was 
able to remove both blood and coffee 
stains from the cotton fabrics. Further 
better stain removal was observed when 
enzyme was used in combination with the 
detergent solution as compared to when 
detergent was used alone or when the 
enzyme was used alone. However, when 
only water was used for washing, no 
reduction in stain intensity could be 
observed. Application of keratinase in 
washing of cloths has been reported by 
earlier researchers also1,4,21. 
However, majority of applications of 
keratinases have remained confined to two 

  1.

 
2.  

 
Fig. 12:- Wash performance: 1. Coffee stained 
cloths: (1A) 10ml of Tap water  (1B) 8 ml  of Tap 
water + 2ml of keratinase (1C) 10ml of 0.2 % 
Detergent  (1D) 8 ml of 0.2 % Detergent + 2ml of 
keratinase. 2. Blood stained cloths: (2A) 10ml of 
Tap water  (2B) 8 ml  of Tap water + 2ml of 
keratinase (2C) 10ml of 0.2 % Detergent  (2D) 8 ml 
of 0.2 % Detergent + 2ml of keratinase 
major areas i.e. degradation of feathers 
and/or dehairing of hides and animal 
skins2,13,22,23,24 . The reason behind the use 
of keratinases for these two particular 
applications is obvious as this is the 
natural function of keratinases. However, 
their usage in other non conventional 
sectors like in detergent formulations 
would increase their industrial potential 
and sustainability. 
Conclusion:- 
The present investigation resulted in 
isolation of Bacillus tequilensis S-5 
capable of producing a detergent stable 
keratinase enzyme with potential to 
remove blood and coffee stains from 
cotton fabric. The enzyme also has the 
ability to dissolve raw feathers into 
digested slurry, which could be used as  
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biofertilizer as well as animal meal as it is 
rich in important amino acids (data not 
shown here). 
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