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ABSTRACT. The poultry industry contributes to immense amounts of feather waste, over 90% of which 

is keratin. Although these industrial byproducts can be used as animal feed due to their high nutritional 

value, they are often landfilled or composted due to their low decomposition. The present study was carried 

out to isolate and identify a potential keratinase-producing bacterium from soil and waste water samples 

and to optimize cultural and physicochemical conditions to maximize enzyme production. The bacterium 

with the highest enzyme activity among the 17 isolates obtained in our study was identified as Bacillus sp. 

AM251. Optimal enzyme production was observed in media with the following composition (in g/L); NaCl 

(0.5), KH2PO4 (0.7), K2HPO4 (1.4), MgSO4 (0.01), CaCl2 (0.5), ammonium sulphate (2.5) and feather (10); 

pH 7.0. The optimum physicochemical parameters were determined to be 7.5% inoculum size, 37°C 

incubation temperature and shaking conditions (200 rpm). Characterization studies showed that the enzyme 

is a 43kDa serine protease with optimum activity at 50°C and pH 8.0. As an application of the enzyme 

keratinase, we also studied its substrate specificity and depilatory effect on goat skin. Both studies showed 

good enzyme activity. However, another study conducted to determine the use of enzyme-treated feather 

meal as an alternative to yeast extract and peptone for the growth of microorganisms in the laboratory 

showed limited applications. Overall, the results of our study show that the strain Bacillus sp. AM251 has 

great potential as a keratinase producer that can be used for bioremediation of feathers in landfills, 

preparation of animal feed or as a depilatory agent. 
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INTRODUCTION 

Keratins are structural proteins found abundantly in the epithelial cells of vertebrates, 

where they function as mechanical support system. They form most of the skin and its 

appendages, including nails, hair, feathers, and wool [1]. Keratins belong to sclero-

peptides and can be divided into hard and soft keratin based on their sulfur content. The 

soft keratins are fibrous and stringy skin modifications that form the basic skin structure 

and callus. The hard keratins occur as horns, nails, claws, scales and hooves of animals 

[2]. They are extremely stable proteins that are insoluble in water and organic solvents. 

Due to their chemically non-reactive nature, they are also stable to enzymatic hydrolysis 

by common peptidases such as trypsin, pepsin, and papain. This is due to the abundance 

of cross-linking disulfide bonds, salt bridges, hydrogen bonds and hydrophobic 

interactions in keratins. Consequently, they have a very slow rate of biodegradation [3]. 
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In addition to the natural death and decay of animals, slaughterhouses and the meat 

processing industry generate large amounts of keratin-containing byproducts such as 

horns, feathers, nails, hooves, scales, and wool. Feathers which make up 5-7% of the total 

weight of adult chickens result in over 8.5 billion tons of feather waste being generated 

annually in the poultry industry worldwide. India alone produces over 350 million tons 

of feather waste every year [4]. Disposal of this waste over time results in environmental 

pollution due to slow biodegradation associated with the release of sulfur-containing 

compounds [5].  

There are several approaches to the disposal of feather waste, including landfills, 

incineration, feedstock for natural gas production, and low-cost protein sources for 

animals. Presently, most of the feather wastes are dumped in land-fills or incinerated. 

Both these methods are largely associated with major ecological disadvantages like 

energy loss and production of a large amount of carbon dioxide [6]. Feather dumping 

grounds have also been associated with outbreak of chlorosis, mycoplasmosis, fowl 

cholera and H5N1 infections in the past [6, 7, 8]. The use of feathers as dietary proteins 

is also limited since hydrothermal processes, used to convert raw material into feather 

meal, destroy the amino acids and increase the cost of production. The high protein 

content also reduces the digestibility; further limiting its use as animal feed [9].  

As a simple remedy, the use of keratinase enzymes of microbial origin, to improve the 

nutritional value of feathers has been suggested by several researchers. Keratinases are 

20-50 kDa serine or metalloproteases capable of degrading the structure forming 

keratinous proteins. They are produced by several genera of bacteria (Streptomycetes, 

Bacillus, Pseudomonas) and fungi (Aspergillus, Onygena, Absidia, Mucor and Rhizopus) 

[10]. To date, none of the purified keratinases completely solubilize native keratin. Hence, 

isolation of keratinase producing microorganisms and purification of keratinase enzyme 

with high enzyme activity can contribute to voluminous reduction in keratin containing 

wastes disposed in the environment. It can also be applied to converting keratin wastes 

into useful biomass or obtaining specific amino acid and protein concentrates through 

biotransformation [11]. In India, keratinases are expected to find extensive application in 

livestock industries in near future as depilatory agents due to its huge livestock market 

that produces over 51 million bovine skin and 128 million cattle skin annually [12]. 

Considering the following factors, the present study was carried out with an objective 

to screen and isolate a potential keratinase producing microorganisms, and optimize the 

cultural and physicochemical parameters for maximizing its production. We also studied 

the application of keratinase as a depilatory agent on goat skin, and the efficacy of treated 

feather meal as an alternative to meat extract, and peptone for growth of microorganisms 

in the laboratory.   

MATERIALS AND METHODS 

Collection of samples 

Screening of keratinase producing bacterium was done from soil and sewage samples. 

The sampling sites for the collection of soil included Sophia College Garden, Crawford 

market Slaughter house and compost collected from a Nursery in Dapoli, Mumbai. A 

partially degraded feather was collected from dumping ground of a chicken shop. A 

domestic sewage sample and wastewater from slaughter house in Borivali, India were 

also collected for screening of keratinase producers. The collection of samples from 
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multiple sites increases the probability of isolation of keratinase producers with high 

enzyme activity. All samples were collected in washed, cleaned and dried plastic 

containers using a clean spatula and were processed immediately.   

 

Preparation of chicken feather powder as keratin source 

Feathers were collected from a slaughterhouse at Crawford market for the preparation 

of feather meal. They were washed with mild detergent and water to remove all the traces 

of blood and residual skin. They were dried at room temperature and then in the oven at 

50°C until all moisture was removed (~ 1 week). After drying, the feathers were cut into 

smaller pieces and ground to fine powder in a standard mixer grinder. This powder was 

used for the preparation of selective media for the isolation of keratinase producers [13].  

 

Isolation of feather degrading organisms 

Feather meal (FM) agar plates [Composition in g/L: NaCl (0.5), K2HPO4 (0.3), 

KH2PO4 (0.4), agar (20) and feather meal (20), pH 7.4] were used for the isolation of 

keratinolytic bacteria. The phosphate salts in the medium act as buffers whereas 

magnesium acts as an inducer of keratinase production for microorganisms. Feather meal 

was used as a sole source of carbon and nitrogen. The samples were mixed with saline to 

prepare 10-1 dilutions and a loopful of samples were plated on the isolation media. The 

plates were incubated at 37°C for 48 h. After incubation, well differentiated colonies were 

picked up using a sterile loop and streaked again on FM agar plates for the selection of a 

pure colony. The pure cultures were maintained on nutrient agar slants at 4°C.  

 

Detection of proteolytic activity 

All the isolates obtained in our study were spot inoculated on Skimmed Milk Agar 

(SMA) [Composition in g/L: Peptone (10), Meat extract (3), NaCl (5), skimmed milk 

powder (10) and agar (13), pH 7.4] plates to check for proteolytic activity. The plates 

were incubated at 37°C for 48 h. After incubation, the SMA plates were checked for zones 

of clearance around the inoculated culture. The isolates showing clear and large zones 

were selected for further studies [14]. 

 

Keratinase enzyme assay 

The isolates showing good proteolytic activity were further selected for determination 

of their keratinase activity. For this purpose, the isolates were grown in sterile nutrient 

broth for 20 h, washed with saline and inoculated in the FM basal medium (with same 

composition indicated above, without agar). The cultures were allowed to grow at 37°C 

for 48 h under shaker conditions. The keratinase assay was carried out by using standard 

protocol described by Cai et al. [15]. The enzyme activity was assayed using keratin-

azure (Sigma Aldrich) as a substrate (0.2%-0.4%) and Tris-HCl buffer (pH 8.5) as a 

diluent. The crude enzyme was obtained by centrifuging the culture medium (cell free 

supernatant) at 3000 rpm for 30 min. The enzyme was stored in chilled condition. These 

tubes were incubated at different temperatures like 37°C, 45°C, 55°C for varied 

incubation period of 2, 4, 6, 24, 48, 72 and 96 h to determine the optimum activity of 

enzyme and standardize the optimization studies. Blank tubes were prepared by replacing 

keratin azure/ enzyme with buffer. 
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Keratin azure is an insoluble substrate made up of sheep wool coated with azo dye. On 

the reaction of enzyme with keratin azure, the azo dye is released and its concentration is 

proportional to the enzyme activity. The resulting color change was detected using a UV- 

Visible spectrophotometer (Systronics) at 595 nm. The assay was carried out in 

triplicates. The basic assay system was 1 ml enzyme with 1 ml Tris-HCl buffer (pH 8.5). 

One enzyme unit (EU) of keratinase activity was defined as the amount of enzyme leading 

to an increase in absorbance by 0.01 at 595 nm in 1 h under standard conditions. 

 

Determination of whole feather degradation capacity 

The isolates showing potential keratinase activity was selected and their ability to 

degrade whole feather (~10-12cm) was determined. For this purpose, the isolates were 

inoculated in basal medium containing 1 medium sized feather and incubated on shaker 

conditions at 37°C. The flask was monitored every 24 h for visible degradation of feather. 

 

Protein estimation of culture supernatant 

The concentration of proteins in the culture supernatant (also used as crude enzyme) 

was determined by Folin Lowry Ciocalteau method [16].  

 

Specific activity of enzyme 

     The specific activity of the enzyme was calculated by using the formula [15] 

 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
𝐸𝑛𝑧𝑦𝑚𝑒 𝑢𝑛𝑖𝑡𝑠 𝑖𝑛 𝑚𝑒𝑑𝑖𝑎

′𝑚𝑔′𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑖𝑛 𝑚𝑒𝑑𝑖𝑎
 

 
Identification of isolate 

The isolate with maximum specific activity was identified based on cultural, 

morphological and biochemical tests and comparison of observations with Bergey’s 

manual [17]. The strain identification was done by 16s rRNA analysis, which was 

outsourced to Codon Life Sciences, Goa, India.  

 

Optimization of culture conditions  

Optimization of culture conditions for keratinase production was studied in 50 mL FM 

basal medium. The standard incubation conditions were 37°C for 48h. During all 

optimization steps, both enzyme activity and protein content were determined by varying 

one parameter at a time while keeping the others constant. The varying physical 

parameters included the inoculum size (2.5%, 5%, 7.5%, 10%, 12.5% and 15%), pH (4, 

5, 6, 7, 7.5, 8, 9 and 10), temperature (room temperature- 28°C and 37°C) and aeration 

condition i.e., static or shaker (150 rpm and 200rpm). The varying nutritional parameters 

included the addition of 5% carbon sources such as glucose, sucrose, mannitol, starch, 

wheat flour, corn cob and coconut shell, and 5% nitrogen sources such as casein, gelatin, 

soy flour, peptone, ammonium sulfate, urea, ammonium chloride and potassium nitrate. 

The effect of calcium and magnesium salts was studied during optimization by adding 

varied concentrations of CaCl2 (0.1 mM - 10 mM) and MgSO4 (0.004 g/l - 0.24 g/l). After 

studying the effect of different parameters, the estimation of keratinase production was 

done under optimized conditions [15, 18, 19, 20].   
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Partial purification and characterization of enzyme 

Optimum enzyme yield obtained in our study was partially purified by ammonium 

sulphate precipitation (achieved at 80% saturation) and dialysis (using cellophane bag 

with cut off 10kDa). The specific activity, fold of purification and % yield were calculated 

after the purification of the enzyme. The enzyme was characterized by SDS-PAGE. 

Zymogram analysis helped in determination of proteolytic ability of enzyme eluted on 

the electrophoresis gel. Both SDS-PAGE and Zymogram analysis was performed at 

Millipore Ltd. Andheri, India.   

 

Characterization of keratinase activity 

The enzyme activity and stability were studied under different conditions. During 

standard assay, the tubes containing 1 ml of enzyme and 4mg/ml keratin azure substrate 

were placed on shaker at 55°C at 200 rpm for 4 h to measure enzyme activity. The activity 

was also checked after 2, 4, 6, 8, 24, 28, 32 and 48 h to determine its stability. The varying 

parameters for the study were pH (4, 5, 6, 7, 7.5, 8, 9 and 10), temperature (30°C, 40°C, 

50°C and 60°C), substrate concentration (1-7mg/ml keratin azure), metal ions (3mM of 

MgCl2, CaCl2, CuCl2, MnCl2, ZnCl2, BaCl2, PbCl2, FeCl3 and HgCl2), inhibitors (1% 

PMSF, DMSO), organic solvents (1% isopropanol, 0.1mM mercaptoethanol) and 

detergents (0.5% of SDS and Triton X 100, 5Mm EDTA) [15, 18]. 

 

Application of keratinase 

Substrate specificity and de-hairing ability of keratinase 

The substrate specificity of keratinase was determined by incubating it with various 

substrates like nail, hair, silk, cotton, feather, wool and goat skin for 24 h. To determine 

the de-hairing ability, goat skin was washed and over laid with 2 ml of enzyme in a 

petridish. It was incubated at room temperature for 24 h. Macro and microscopic 

observations were noted [15]. 

 

Conversion of feather meal into microbial nutrient for laboratory cultures 

Keratinase enzyme produces peptides and soluble proteins (amino acids) on the 

degradation of feathers. These degradation products can be inexpensive alternatives to 

peptone, tryptone or meat extract in bacteriological media for the growth of lab cultures. 

For testing this application, the optimum inoculum of potential keratinase producer was 

inoculated in sterile feather basal medium and incubated for 24 h at 37°C. After 

incubation, the feather basal medium was centrifuged at 3000 rpm for 30 min. The 

supernatant (cell free extract) was stored as enzyme source, in chilled conditions. The 

precipitate was washed three times to remove dead cells with sterile distilled water. Both 

supernatant and precipitate were autoclaved and incorporated in different media 

containing (i) NaCl + supernatant, (ii) NaCl + feather meal, (iii) NaCl + Meat extract 

(ME), (iv) NaCl + ME + supernatant, (v) NaCl + ME + feather meal and (vi) Nutrient 

agar (Control). The lab cultures were spot inoculated on these plates and checked for 

growth after 24 h incubation.   
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Statistical analysis 

All studies were carried out in triplicates and results are reported as mean ± standard 

deviations. 

RESULTS AND DISCUSSION 

Screening and isolation of potential keratinase producer 

In the present study, seventeen keratinase producing microorganisms were isolated 

from different sites on FM agar plates. The sources and growth characteristics of all 

isolates are represented in Table 1. Among the isolates obtained, 8 (N1, N2, N3, N5, N6, 

N10, S3 and S4) showed clear and large zones on SMA indicating better protease activity 

compared to other isolates. These isolates were grown in basal medium with feathers as 

the sole source of carbon and nitrogen to determine and confirm their keratinase activity. 

We observed visible degradation of native feathers into small particle size within 48h by 

2 isolates (N1, N10) and within 24h by another 2 isolates (N2 and S4). The maximum 

specific activity was observed for the enzyme produced by isolate N2 at 24 h, 48 h as well 

as 72 h intervals (Fig. 1).  

 

Table 1. Sources of Sampling and Growth Characteristics of Isolates 

Isolate Source Gram 

nature 

Colony characteristics Zone size on 

SMA(in mm) 

N1 

 

N2 

 

N3 

 

N4 

 

N5 

 

N6 

 

N7 

 

N8 

 

N9 

 

N10 

 

N11 

Soil 

 

Soil 

 

Soil 

 

Soil 

 

Soil 

 

Soil 

 

Soil 

 

Soil 

 

Soil 

 

Soil 

 

Waste water 

Gram +ve 

 

Gram +ve 

 

Gram +ve 

 

Gram +ve 

 

Gram +ve 

 

Gram +ve 

 

Gram +ve 

 

Gram +ve 

 

Gram +ve 

 

Gram +ve 

 

Gram +ve 

3 mm, irregular, opaque, orange pigment, flat 

surface, butyrous consistency 

2 mm, irregular, translucent, orange pigment, flat 

surface, butyrous consistency 

2.5 mm, irregular, opaque, cream coloured, 

rough surface, butyrous consistency 

4 mm, irregular, opaque, white coloured, flat 

surface, butyrous consistency 

0.5 mm, circular, entire margin, cream, 

translucent, flat surface, butyrous consistency 

0.5mm, circular, white, opaque, entire margin, 

raised surface, butyrous consistency 

Spreading, mycelia producing organism, cream 

in color, butyrous consistency 

Spreading, mycelia producing organisms, cream 

in color, butyrous consistency 

Spreading, mycelia producing organisms, cream 

in color, butyrous consistency 

1mm, circular, yellow colored, translucent, entire 

margin, slightly raised, sticky consistency 

2mm, circular, cream colored, entire margin, 

translucent, slightly raised, butyrous consistency 

1.3 ± 0.2 

 

1.45 ± 0.25 

 

1.05 ± 0.55 

 

0.85 ± 0.15 

 

1.2 ± 0 

 

1.35 ± 0.05 

 

0.6 ± 0.1 

 

0.55 ± 0.05 

 

0.5 ± 0.1 

 

1.4 ± 0.2 

 

0.4 ± 0.2 
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Table 1. Continued. 

Isolate Source Gram 

nature 

Colony characteristics Zone size on 

SMA(in mm) 

N12 

 

N13 

 

S1 

 

S2 

 

S3 

 

S4 

Waste water 

 

Waste water 

 

Waste water 

 

Poultry wastes 

 

Poultry wastes 

 

Compost 

Gram +ve 

 

Gram +ve 

 

Gram +ve 

 

Gram +ve 

 

Gram +ve 

 

Gram +ve 

3mm, irregular, opaque, mycelia producer, 

cream colored, rough surface 

2mm, irregular, cream, opaque, rough surface, 

slightly raised 

2mm, irregular, cream colored, opaque, flat 

surface, butyrous consistency 

1mm, circular, cream colored, translucent, 

entire margin, butyrous consistency 

3mm, circular, opaque, white colored, flat 

surface, butyrous consistency 

2mm, irregular, cream colored, opaque, rough 

surface, flat colony 

0.75 ± 0.05 

 

1.65 ± 0.75 

(opaque zone) 

0.25 ± 0.05 

 

0.35 ± 0.05 

 

0.7 ± 0.1 

 

0.75 ± 0.15 

 
 

 
 

Fig. 1. Enzyme Activity of Potential Keratinase Producers 

*A to D: represent isolates N1, N2, N10 and S4 respectively; E: represents un-

inoculated sample used as control; SA indicates specific activity of enzyme in 

24, 48 and 72 h respectively 
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Most of the published studies report steps for enrichment of keratinase producers from 

soil samples before its isolation to ensure presence of significant bacterial load [21, 22, 

23]. In the present study, we skipped this step since the selected sampling sites were 

assumed to be naturally enriched with keratinase producers. A similar strategy was 

followed by Prasad et al. [24] where 8 potential keratinase producers were obtained in 

their study. Another study from Aurangabad reported screening of protease producing 

bacteria from 6 soil samples on SMA [25]. Among the 17 proteolytic enzyme producing 

bacteria isolated, they selected the isolate with highest enzyme activity, and tested it for 

keratinase production. This study was also based on the assumption that since all samples 

were collected from feather dumping grounds, the strains showing proteolytic activity 

may be keratinase producers.  

 

Identification of potential isolates 

The isolate with maximum specific activity (Isolate N2) was identified as Bacillus sp. 

based on cultural, morphological, biochemical (Table 2) as well as 16s rRNA sequencing 

(with 97% similarity profile). The sequences were submitted to GenBank (accession no. 

OP882018) as Bacillus sp. AM251. The microscopic characteristics (including gram 

staining and endospore staining) of Bacillus sp. AM251 and visible degradation of the 

whole feather within 24 h is represented in Fig. 2. 

Bacillus species are among the most commonly reported keratinase producers in 

literature. Raju and Divakar, [26] isolated 6 keratinase producing bacteria from soil 

samples, out of which 4 were identified as Bacillus spp. A novel strain Bacillus tropicus 

Gxun-17 was recently reported from a marine duck farm in China. The analysis of 

metabolic end products of this strain further suggested that feather degradation may be a 

result of synergistic activity between the keratinase enzyme and sulphites [27]. Maximum 

keratinase activity has also been reported in Bacillus spp. isolated from poultry farm 

(Bacillus sp. MK3), feather dumping grounds (B. subtilis) and puffer fish tannery waste 

(B. firmus BRAW_PI) [28, 29, 30]. 

 

 

Table 2. Biochemical Characteristics of Keratinase Producer 

Biochemical tests Results 

Catalase test 

Lecithinase production 

Nitrate reduction test 

Indole test 

Voges-proskauer test 

Starch hydrolysis test 

Citrate test 

Gelatin hydrolysis test 

Glucose 

Maltose 

Sucrose 

Mannitol 

Motility test 

+ ve 

-ve 

-ve 

-ve 

-ve 

+ve 

+ve 

-ve 

+ve 

+ve 

+ve 

-ve 

-ve 
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Fig. 2. Morphological Characteristics and Feather Degrading Ability of Bacillus sp. 

AM251 

*Gram staining and spore staining was observed under 100x magnification of oil 

immersion lens 

 

 

Optimization of nutrient and incubation conditions  

On standardization of Keratin azure assay, optimum enzyme activity was observed at 

55°C in 4 h using 0.4% substrate by all four isolates (N1, N2, N10 and S4) when incubated 

at shaker conditions (200 rpm). Hence for optimization studies, 1 ml of crude enzyme 

(cell free supernatant) was incubated with 0.4% of keratin azure substrate at the above 

conditions for further studies. The parameters were optimized one at a time by keeping 

the others constant. The Fig. 3 represents the effect of nutritional and physicochemical 

parameters on enzyme production by Bacillus sp. AM251. Maximum enzyme production 

was observed in basal media (pH 7) containing ammonium sulfate (2.5g/L), MgSO4 

(0.002g/L), CaCl2 (0.05g/L) and feather (10g/L) on the addition of 7.5% inoculum size. 

On the optimization of nutrient sources, the maximum specific activity was observed in 

24h. Bacillus species are normal soil flora and show optimum growth under natural 

environmental conditions [31]. Bacillus sp. AM251 showed negligible growth at 

temperatures below 20°C and above 45°C. For this reason, keratinase production was 
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determined only under room temperature (~28°C) and 37°C. The enzyme activity was 

lowest under static conditions (1.068 EU/mg) followed by incubation at 150rpm (1.346 

EU/mg). Optimum incubation parameters were observed to be 37°C (1.723 EU/mg) and 

shaker conditions (200 rpm; 3.33 EU/mg) for keratinase production by Bacillus sp. 

AM251. Overall, on optimization, the specific activity of the enzyme was improved by 

3.973 folds. Among other Bacillus sp. maximum enzyme yield from strain IIB-B5 was 

obtained at pH 7.0 and 40°C in 72 h. In the same study, another thermotolerant strain IIB-

B9 was isolated and showed maximum yield at pH 8.0 in 96 h, at 50°C [32]. In a recent 

study, a novel B. tropicus Gxun-17 strain showed optimum keratinase production in basal 

medium (pH 7.0) containing maltose (10 g/L), feather (15 g/L) and MgSO4 (0.1 g/L) 

when it was incubated at 32.5°C. The enzyme yield was 3.18 fold higher under optimum 

conditions [27]. Compared to these strains, Bacillus sp. AM251 showed better activity in 

a shorter incubation period (of 24 h).  

In our study, keratinase activity was enhanced by ammonium sulphate (nitrogen 

source) whereas it was repressed by the addition of carbon sources. Generally, the 

secretion of microbial proteases is regulated by nutritional stress [10]. However, few 

studies have indicated that carbon and nitrogen sources may aid in the induction of 

keratinase enzyme activity. For instance, yeast extract, MgSO4 and corn flour improved 

keratinase production by Amycolatopsis sp. strain MBRL 40 isolated from a limestone 

habitat [33]. Similarly, fructose and peptone in 40:1 ratio, in the growth medium of 

Pseudomonas sp. LM19 showed optimum yield [34]. One study reported optimum 

keratinase production by Pseudomonas aeruginosa YK17 in a medium containing 2% 

chicken feathers, beef extract, ammonium nitrate and glucose [35]. However, Bacillus sp. 

AM251 preferred other carbon sources like glucose, maltose, sucrose and starch over 

feather (keratin source) when supplemented together in the medium (data not shown). 

The magnesium ions in the medium act as cofactors whereas calcium is required to 

improve the thermostability of enzymes [36, 37]. Hence, these sources were added to the 

basal medium. The addition of 0.5mM Mn2+, Ca2+ and Mg2+ also led to 1.5 fold increase 

in keratinase production by Bacillus subtilis amr [38]. Similar to our study, repression of 

keratinase synthesis has been reported in B. licheniformis PWD-1 in the presence of 

glucose, sucrose, starch and mannitol [39]. Few studies have also reported enzyme 

repression in the presence of inorganic or organic nitrogen sources [18, 22, 39]. This 

observation was true for all nitrogen sources used in our study except ammonium 

sulphate. In many studies, the addition of yeast extract has shown enhanced keratinase 

yield [20, 33, 41, 42]. Overall, these observations suggest unique metabolic response of 

microorganisms to the neighboring environment which is not only specific to one species 

but also characterizes the biochemistry of individual strains. Hence, the isolation and 

optimization of enzyme producers from the environment remain the most crucial step in 

industrial biotechnology.  
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Fig. 3. Effect of Nutritional and Incubation Conditions on Keratinase Production 

observed in 24h 

*A: bar 1 represents ‘control’ and bars 2-8 represent 5% glucose, sucrose, starch, 

mannitol, wheat flour, corn cob and coconut shell respectively; B: bar 1 represents 

‘control’ and bars 2-7 represent 2.5% ammonium sulphate, urea, potassium nitrate, 

peptone, yeast extract and soy flour respectively; C: Effect of varying concentration of 

Magnesium; D: Effect of varying concentration of Calcium; E:Effect of varying pH; F: 

Effect of varying inoculum size); SA indicates specific activity of enzyme. 

 

 

Partial purification and characterization of enzyme 

Precipitation and dialysis of enzyme resulted in 1.5 fold increase in purification and 

9% increase in yield (Table 3). The Fig. 4 represents SDS-PAGE (A) and zymogram (B) 

analysis of keratinase enzyme. The Zymogram analysis confirmed the proteolytic activity 

of the partially purified enzyme. The analytical studies indicated that the keratinase 

enzyme produced by Bacillus sp. AM251 is a 43kDa serine protease. Fig. 5 represents 

the activity and stability of enzyme under different conditions. The optimum enzyme 
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activity was observed at 50°C and pH 8.0. It was stable between pH 8 and 9.5 and 30°C 

for 2 h. It also showed stability in presence of metals like MgSO4 and CaCl2
 and 

detergents like SDS and Triton, whereas MnCl2, HgCl2, CuCl2 and ZnCl2 decreased the 

enzyme activity. Inhibition of enzyme activity in presence of PMSF indicated that it is a 

serine protease.  

 

 

Fig. 4. SDS-PAGE (A) and Zymogram (B) analysis of keratinase 

L1: Molecular weight marker; L2: Crude enzyme; L3: purified enzyme 

 

 

Table 3. Activity and Yield of Partially Purified keratinase 

Purification Total protein 

(mg/ 50mL) 

Enzyme 

units 

Specific 

activity 

Purification 

fold 

Yield % 

Before 

precipitation 

After 

precipitation 

After dialysis 

6.55 

 

- 

 

10.6 

80 

 

0.5 

 

198.75 

12.2137 

 

- 

 

18.75 

- 

 

- 

 

1.5351 

- 

 

- 

 

9.0625 

  
 

 

 L1    L2   L3 
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Fig. 5. Enzyme activity and stability under different conditions 

*A: Effect of varying pH; B: Stability at varying pH; C: Effect of Temperature; D: 

Stability at varying Temperature; E: Effect of varying substrate concentration; F: Effect 

of metal ions where bars 1-10 represents MgCl2, MnCl2, ZnCl2, CaCl2, CuCl2, HgCl2, 

BaCl2, FeCl3 and PbCl2 respectively; G: Effect of inhibitor, solvents and detergents 

where bars 1-8 represents 0.5% SDS, 0.5% Triton X 100, 5Mm EDTA, 1% PMSF, 1% 

DMSO, 1% isopropanol, 0.1mM mercaptoethanol and control respectively. 
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The proteolytic activity and de-amination reactions, occurring during feather 

degradation, lead to the accumulation of excess nitrogenous compounds like ammonium 

salt. In turn, it causes an increase in the pH of the medium and consequently reduces 

keratinase activity [43, 44]. Hence, keratinases which are stable at higher (alkaline) pH 

are preferred for industrial applications. As observed in Fig. 5, significant specific enzyme 

activity was observed up to pH 10 in this study. At the same time the enzyme activity of 

partially purified keratinase was not affected in the presence of detergents like SDS and 

Triton; indicating its potential in the detergent industry. The activity of serine protease 

obtained from B. tropicus Gxun-17 showed optimum activity at pH 7.0 and temperature 

of 60°C. The Km and Vmax of keratinase activity using casein substrate were reported to 

be 15.24 mg/mL and 0.01 mg/mL/min, respectively. Unlike our study, this enzyme was 

inhibited in the presence of Mg2+ and Ca2+ but showed increased activity in the presence 

of Mn2+ and β-mercaptoethanol. In addition, the enzyme activity was inhibited by K+, 

Co2+ and Al3+ [27]. The enzyme activity of keratinase produced by B. subtilis KD-N2 was 

optimum over a much wider temperature range (40~70°C) compared to our study. Similar 

to the above study, and contrary to our observation, this enzyme was also inhibited by 

Mg2+ and Ca2+. Additionally, many metal ions like Cu2+, Mn2+, Zn2+ and Al3+ also 

inhibited the enzyme produced by B. subtilis KD-N2 [15]. Similar to our study, serine 

protease produced by Bacillus sp. P7 isolated from an Amazonian environment was 

stimulated by Mg2+ and Ca2+ and inhibited by other metal ions [45]. Overall, keratinase 

activity over broad pH and temperature range and, in presence of common detergent like 

SDS is an important characteristic required in various industries, and primarily in the 

detergent industry. Besides, inhibition of enzyme activity in presence of heavy metals is 

a common feature [15, 46]. Hence, it can be stated that the keratinase obtained from 

Bacillus sp. AM251 showed comparable characteristics to those enzymes obtained from 

bacterial strains using sophisticated enrichment and optimization protocols. 

 

Applications of keratinase 

At present, the global market of enzymes accounts for approximately 1.19 billion USD 

and is expected to reach 9.2 billion USD by 2027 [47]. This tremendous demand is due 

to its application in various industries including tanning, poultry, detergent, construction 

(for removal of clogging in sewage systems), cosmetic and medical. For an enzyme to be 

practically applied in industries, its activity on a wide range of substrates is of foremost 

importance. Table 4 represents the residual activity of partially purified enzyme using 

different substrates. It showed maximum residual activity in the presence of chicken 

feathers and wool, and least activity in the presence of human hair. This observation 

suggests that Bacillus sp. AM251 strain may have adapted to the polluted environment of 

dumping grounds over time leading to production of enzymes with high substrate 

specificity. Our previous observations indicating that the test strain prefers other carbon 

sources over feather further supports the hypothesis of bacterial adaptation. However, an 

in-depth evolutionary analysis is required to confirm the same. 

Another application tested in our study was the de-hairing ability of keratinase. The 

alkaline keratinases cause swelling of hair roots and weakening of hair follicles. Under 

these conditions, the protease activity of the enzyme enables easy removal of hair. As 

observed in Fig. 6, the partially purified keratinase used in our study selectively damaged 

the fibrous collagen dermis preventing any visual damage to the goat skin and leading to 

hair removal within 24 h. This indicates that the enzyme may be useful as a depilatory 

agent in tanning industries. Similarly, keratinases obtained from B. subtilis S14 and B. 
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subtilis KD-N2 have shown efficient dehairing potential without harming the collagen 

layer [15, 48].  

Lastly, we checked the application of keratinase to convert feathers into microbial feed 

that can be utilized as an alternative to peptone and meat extract. Table 5 represents the 

growth of laboratory isolates on media supplemented with keratinase treated feathers and 

control. As observed in the table, only E. coli could grow on agar plates supplemented 

with feather meal, while all other isolates were inhibited. However, this growth was 

observed after 5 days of incubation. It may be possible that other laboratory isolates also 

showed growth on further incubation, but long incubation time is not feasible for routine 

laboratory work. Hence, this application did not give the expected outcomes in this study. 

To the best of our knowledge, none of the published studies have studied the application 

of keratinase to transform feathers into microbial supplement for growth of laboratory 

isolates. This study was conducted to explore another possible application of keratinase 

enzyme to avail cheap sources of microbial nutrients.  

 

Table 4. Substrate specificity of Partially Purified Enzyme 

Substrate Residual activity % 

Casein 

Gelatin 

Feather (chicken) 

Nail (human) 

Hair (human) 

Silk 

Wool 

Control 

68 

34 

85 

23 

2 

57 

80 

100 

 

 

Table 5. Application of Keratinase Enzyme to Convert Feather into microbial feed  

Media 

 

A B C D E F 

NaCl + supernatant 

NaCl + feather meal 

NaCl + ME 

NaCl + ME + 

supernatant 

NaCl + ME + feather 

meal 

Nutrient agar (Control) 

- 

  + * 

+ 

+ 

 

+ 

 

+ 

- 

- 

+ 

+ 

 

+ 

 

+ 

- 

- 

+ 

+ 

 

+ 

 

+ 

- 

- 

+ 

+ 

 

+ 

 

+ 

- 

- 

+ 

+ 

 

+ 

 

+ 

- 

- 

+ 

+ 

 

+ 

 

+ 
*: + = growth; - = no growth; ME=Meat Extract; 

A:Escherichia coli; B: Staphylococcus aureus; C: Streptococcus pyogenes; D: Bacillus 

subtilis; E: Corynebacterium diphtheria; F: Salmonella typhi *Growth observed after 5 

days of incubation 

 



Surti and Taral: Study of optimization, characterization and applications of keratinase produced by a Bacillus strain 

158 
 

 

Fig. 6. De-hairing ability of keratinase on goat hides 

 

CONCLUSION 

The tolerance of partially purified enzyme to alkaline conditions and higher 

temperature is an advantageous characteristic that can be exploited in various industries. 

In addition, the high residual activity observed in the presence of SDS and triton suggests 

a significant application of enzyme obtained in this study in the detergent industries. Also, 

the selective action of enzyme on goat hair makes this enzyme a valuable candidate for 

use in tannery and food industries. Most interestingly, the Bacillus sp. AM251 strain 

isolated in this study showed maximum enzyme yield with good activity within 24 h. 

Thus, our study reports a valuable strain isolated from soil samples with minimum efforts 

that show higher keratin degrading capability compared to many isolates indicated in the 

literature.  
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