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Abstract- Leather industries contribute greatly to 

environmental pollution due to the large quantity of waste 

generated by chemical processing. The use of biodegradable 

and cost effective keratinase is a more promising method of 

biotechnology than the conventional chemical method. 

Keratinase (E.C 3.4.21-24/99) is an extracellular enzyme 

belonging to class hydrolases of sub-class proteases, acting on 

one of the toughest biopolymers, keratin. In this research 

paper, keratinase-producing bacteria were isolated and 

screened from the soil of dump sites of keratinous waste, 

poultry farms, and chicken slaughter-houses locally. A culture 

bank of 92 keratinase-producers was established, by initially 

screening and visualizing the zone of hydrolysis on skim milk 

agar medium, which was subsequently put to submerged 

fermentation using chicken feathers as a natural inducer of the 

enzyme. One novel isolate exhibiting maximum keratinase 

yield was identified as Bacillus tequilensis. The crude enzyme 

yielded 18.4 units/ml at pH 6.8, temperature 40oC, and feather 

meal concentration of 0.5% after an incubation period of 168 

hours. This research highlights this enzyme as a promising 

candidate for the leather and detergent industry. 

Index Terms- Feather meal, Fermentation, Keratin, 

Keratinolytic bacteria, Keratinase-producing bacteria  

 

I. INTRODUCTION 

very year around 0.9 million tons of feather and leather 

wastes are produced as a by-product from poultry and 

leather industries due to continuous meat consumption 

(Lu et al., 2024) and leather utility (Ningthoujam et al.,2018; 

Labaet al.,2018). These by-products are the continuous source 

of accumulating highly stable and hard-to-break keratin upon 

which keratinases may act (Khumalo et al., 2019). The 

availability of unadulterated keratin in the ecological niches 

may result in the perfect habitat for microbial pathogens to 

thrive spreading a lot of diseases like mycoplasmosis, chicken 

cholera, and chlorosis (Salamony et al., 2024),(Jaouadi et al., 

(2013). Dumping of these wastes has been done previously by 

chemicals or incineration (Deba et al., 2023). Their use is not 

ecofriendly and economical because leather processing starts 

with dehairing which involves the uses of sulphides and fatty 

matter. The run off effluents of leather industry are a real time 

health and ecological problem (Kumar et al., 2023), (Sypka et 

al., 2021). However, the use of a biological method like 

microbial keratinases would not only make it cost-effective 

but very environment friendly, (Deba et al., 2023), (Paul et al., 

(2014). Keratinases are promising candidates even better than 

the method of supplementing chicken feed with keratins like 

feather meal (Kshetri et al., 2019). 

 

Keratinases (E.C. 3.4.21) belong to the class of proteolytic 

enzymes that catalyze the breakdown of peptide bonds in 

keratins (Sypka et al., 2021). Keratin is a tough insoluble 

biopolymer that is abundant in nature (Deba et al., 2023), (Haq 

et al., 2020). It is present in nails, claws, hairs, hooves, beaks, 

feathers, scales, and epidermal skin cells. So it is widespread 

throughout the globe (Petek et al., 2023), (Kelly et al., 2019). 

 

The presence of inter-molecular hydrogen bonds, disulfide 

bonds and hydrophobic interactions make it one of the most 

stable biomolecules (Khumalo et al., 2019), (Shavandi et al., 

2017). Keratinases are produced by many fungi and bacteria. 

Bacterial keratinases are preffered over fungal keratinases 

because of their affinity towards a variety of substrates and 

keratin digesting ability (Nnolim and Nwodo, 2021).The most 

important producers of keratinolytic bacterial enzymes belong 

to the genus Bacillus, typically Bacillus subtilis and Bacillus 

licheniformis are the important producers of keratinase (Seid, 

M 2022). Bacillus keratinases have commercial availability to 

various substrates, have protein engineering potential, also, 

these are thermostable and have optimal alkaline pH, these 

properties make them more significant than other genus of 

bacteria (Shavandi et al., 2017). Keratinases have wide spread 

application. It has so many potential roles in diverse industries. 

Being excellent proteases they offer their applications from the 

leather industry to the pharmaceutical industry (Ghaffar et al., 

2018) and textile industry to the detergent industry (Xiong et 

al., 2018; dos Santos Aguilar et al., 2018). These industries 

offer major role to keratinase enzyme better than any chemical 

processes (Nnolim and Nwodo, 2021), (Hassan et al., 2013). 

 

Keratinase, a serine/metalloprotease enzyme has a nucleophile 

serine residue on its active site which in fact gives it a diverse 

nature (Kuntai et al., 2024). Its active site binds with the 

carbonyl of keratin to outline an acyl-enzyme intermediate that 

catalyzes the breakdown of the substate (Kshetri et al., 2019). 

The size of the bacterial keratinases ranges from 18kDa to 

200kDa (Wang et al., 2016).The increased industrial demand 

for the novel keratinases lingers to encourage the isolation and 

screening of the new keratinolytic microbes. Today, the cheap 

and natural production of the proteases especially keratinolytic 

proteases has become necessary to meet with the rising 

demand. In this manner, the isolation and screening of those 
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strains that can degrade keratin wastes is becoming significant 

due to their ability to resist biodegradation and their obstinate 

nature as well. The present work aimed at the isolation, 

screening, and identification of the keratinase producing 

bacteria having the highest potential of bioremediation from 

the local leather tanneries’ dumping sites and poultry farm 

soils. So, the best keratinolytic strain YIV with the highest 

chicken feather degradation ability and optimal enzyme 

activity was identified by using 16S rRNA gene sequencing 

and various biochemical tests. 

 

II.MATERIALS AND METHODS 

Soil Sampling 

More than 300 soil samples were collected from the dump 

sites of the local leather tanneries, chicken slaughter-houses 

and the poultry farms mainly from the suburbs of Lahore, 

Sheikhupura, Kasoor and Gujranwala cities of Punjab, 

Pakistan. 

 

Pretreatment of naturally available substrate 

For the pre-treatment of the natural substrate, the chicken 

feathers were extensively washed with luke warm water. Then 

these were chemically treated with methanol and chloroform 

(1:1) for 24 hours and afterwards treated with methanol, 

chloroform and acetone (4:3:1) for another 24 hours. Later, 

feathers were washed with Luke warm water to quash all the 

residual waste of these chemicals. Then they were dried at 

60°C in an oven for three days. These were stored in a bottle 

after milling and grinding to make them readily usable (Deba 

et al., 2023). 

 

 Isolation of keratinase-producing bacteria 

For the isolation of bacteria, soil samples were diluted in series 

(from 10–4 till 10-8). The 75 micro-liters of every dilution were 

spread on nutrient agar medium (NA) (Merck, Germany), and 

then it was incubated at 37°C for 20-24 hr. The 

morphologically distinctive bacterial colonies were streaked 

and maintained individually on agar medium plates and slants 

up to further usage. 

 

Screening of proteolytic bacteria 

For the screening of proteolytic strains of bacteria, each isolate 

was streaked on specialized skimmed milk agar (SMA) plates 

(skim milk 2.75% v/v in nutrient agar medium- nutrients broth 

13g/L, 2% agar at pH 6.8). Skimmed milk agar plates were 

kept in the incubator at 37°C for 18-22 hours. The bacterial 

colonies with peak zones of clearance (hydrolysis) were 

selected for further screening.   

 

Screening of keratinase-producing bacteria 

The investigation of keratinolytic ability of the isolates was 

performed by inoculating bacterial strains on feather-meal 

minimal salt medium agar (MSMA) plates. The media 

contained milled chicken feathers (1.0%, w/v) along with salts 

NaCl (0.05%, w/v)), KH2PO4 (0.03%, w/v), NH4Cl (0.05%, 

w/v, K2HPO4 (0.04%, w/v), MgCl2.6H2O (0.01%, w/v), and 

agar (1.75%, w/v) with pH 7.0. The plates were incubated at 

37°C after inoculation for up to 3 days. The bacterial colonies 

that established clear zones of hydrolysis by keratinase were 

selected and preserved on nutrient agar (NA) slants. 

 

Feather Degradation by bacterial isolates 

Each isolated colony was inoculated in nutrient broth (Seed 

culture in aseptic conditions). It was incubated overnight in a 

shaking incubator at temperature 40°C and 120 rpm for 18 

hours. After the completion of 18 hours, the seed culture was 

further inoculated in nutrient broth medium with 1% (w/v) 

chicken feathers aseptically. These flasks were incubated at 

40°C in a shaking incubator at 180rpm for the fermentation of 

7days. After that, the broth was centrifuged to get the 

supernatant to perform an enzyme activity assay. Whereas, the 

remaining feathers were filtered, desiccated and weighed. It 

was done to calculate the percentage of feather degradation. 

The percentage of feather degradation was found out by 

following equation: 

Percentage feather digestibility= TFW - RFW / TFW × 100 

Where, TFW: Total weight of feathers, and RFW: Residual 

weight of feathers.  

The bacterial strains were selected and screened on the basis 

of the highest degree of digestibility.  

 

Enzyme Activity Assay 

For the enzyme activity, the enzyme activity assay was 

determined by using a method of Cai et al., (2008) using 

keratin azure. The reaction mixture was prepared by using 1ml 

enzyme and 1ml substrate in phosphate buffer pH 7.5 and 

these were incubated at 40°C for 30 minutes. The reaction was 

stopped using 7.5% TCA. Then the OD was taken at 595 

nanometers using a spectrophotometer. One unit of enzyme 

was determined as an increase of 0.01 in absorbance with 

reference to control in the same conditions. On the basis of 

enzyme units, the best producers of keratinase were 

successfully screened and isolated. 

 

Morphological and Physiological Characterization of 

keratinolytic strains 

For the best 4 strains, the morphological analysis was carried 

out by studying the strains under a microscope, also their 

morphology was reasoned out with relevance to Bergey’s 

Manual of Systematic Bacteriology (Holt et al.1994). The 

biochemical tests included carbohydrate fermentation test, 

catalase test, oxidase test, caseinase test and starch hydrolysis 

test. 

 

Molecular identification of potent strains 

For the best 4 strains, 16S ribosomal RNA sequencing was 

carried out by using universal primers. The DNA extraction 

was performed using phenol-chloroform method and the gene 

was amplified by PCR and then those were sent for 

sequencing. The PCR primers used for gene amplification 

were F 5' AGAGTTTGATCMTGGCTCAG3' and R 

5'TACGGYTACCTTGTTACGACTT3'. During sequence 
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analysis the software, and data bank applied were BioEdit, 

NCBI, BLAST and MEGAX to find the Evolutionary 

relationship to other species based on distance tree (Fast 

Minimum Evolution Method, Max Sequence difference 0.75) 

analysis. 

 

Optimal Production of keratinase enzyme 

Various cultural parameters like pH, temperature, natural 

enzyme inducer concentration, and time of incubation were 

optimized for the production of the enzyme from the most 

effective bacterial strain. This was done to achieve maximum 

keratinase from the desired selected strain YIV. Strain YIV 

was inoculated in specialized fermentation media (formerly 

explained) and it was grown at a range of pH values. The pH 

values (from 5 to 8) were set out and a range of temperatures 

from 37-42oC was observed for the determination of 

maximum keratinase production. The effect of the time of 

incubation was also jotted down by setting the submerged 

fermentation of the specified bacterium up to 10 days. The 

concentration of natural enzyme inducer i.e. feather meal was 

also optimized to achieve the maximum production of 

keratinase from locally isolated strain. 

 

I. RESULTS AND DISCUSSION  

Isolation and Screening of keratinase-producing strains 

Three hundred bacterial isolates (protease+) were isolated and 

screened from the soil on specialized skimmed milk agar. 

Skimmed milk has only 0.2 percent fat, it consists of >95% 

protein, thus providing protein rich media for proteases.  This 

was done in relevance to the research work by Cavello et al., 

(2018) and, Singh and Masih, (2015) who also adopted the 

similar technique of screening. These were isolated on the 

basis of zone forming ability on the skim milk agar medium, 

exhibiting a characteristic of a true protease consuming the 

protein and making the zone of hydrolysis. There were 92 

positive isolates that made zones of hydrolysis on the skim 

milk agar medium whose diameter was larger than ½mm as 

shown in Fig 1.  

 
Fig. 1: The isolates showing zone of hydrolysis in skim milk 

agar plate  

 

 

 

 

Table 1: Number of isolates producing zone of hydrolysis 

(mm) on skim milk agar media 

Sr # No of Isolates 
Zone of 

Hydrolysis (mm) 

1 19 0.5 

2 3 1 

3 3 1.5 

4 5 2 

5 4 2.5 

6 3 3 

7 2 3.5 

8 0 4 

9 4 4.5 

10 4 5 

11 8 5.5 

12 7 6 

13 2 6.5 

14 5 7 

15 2 7.5 

16 3 8 

17 1 8.5 

18 0 9 

19 8 9.5 

20 2 10 

21 3 10.5 

22 2 11 

23 1 11.5 

24 1 12 

The highest zone (12mm) was made by one isolate and the 

second highest zone (11.5mm) was formed by one isolate while 

the third highest zone of hydrolysis (11mm) was made by 2 

bacterial isolates. These strains were selected for calculating the 

percentage of degradation of chicken feathers.  

 

Chicken feather degradation by bacterial isolates 

The strains showing the highest zone of hydrolysis were 

positively selected for the secondary screening. They were set 

to keratin hydrolysis test by using feather digestion analysis as 

shown in Fig 2.  

 
A B 



Journal of Xi’an Shiyou University, Natural Science Edition                                                                                                ISSN: 1673-064X 
  

 

http://xisdxjxsu.asia                                                   VOLUME 20 ISSUE 03 MARCH 2024                                                                       20-27 

 

Fig. 2: The chicken feather degradation shown by 

keratinolytic strain YIV in flask B. Flask A has undigested 

feathers.  

 

On the basis of percentage feather digestibility, 6 bacterial 

isolates (HU8, YIV, FS, 9X, QLC, and QLA) showed 

maximum digestibility which was more than 70%. The highest 

percentage was exhibited by the strain YIV that was 90%. 

These strains were set for the activity assay method of Cai et 

al. (2008) by using keratin azure as a substrate. Similar work 

was also reported by Haq et al., (2020).  

 

 
Fig 3: Screening of bacterial isolates (keratinase +) or feather 

(keratin) digestibility test in submerged fermentation reaction 

(SMF). Standard deviation was representated by the error bars 

for triplicate experimental observations at p≤0.05, significantly 

differing. 

 

Keratinolytic enzyme production and activity assay  

The local bacterial strains (HU8, YIV, FS, 9X, QLC, and QLA) 

showed the following units after performing the enzyme 

activity assay. In Fig 4, the test tube labeled as 1 is blank, test 

tube 2 is negative control (without enzyme), and test tube 3 is 

the experimental tube having enzyme and keratin azure dye. 

The release of color shows the activity of keratinase enzyme.  

 
Fig.4: The enzyme activity assay using keratin azure.  

 
Fig 5: The enzyme activity in units/mL shown by the bacterial 

isolates producing Keratinase under submerged fermentation 

reaction (SMF) 

 

One promising local YIV isolate showed the hydrolysis zone 

clearance by 12 mm. The secondary screening was carried out 

with more specific substrates. Enzyme activity was checked by 

using pretreated chicken feathers as a substrate and pure 

keratin azure Cai et al. (2008) method. Its rate of % feather 

degradability determined the enzyme substrate specificity. 

Kurane et al., (2017) and Haq et al., (2020) reported the 

similar research work for the determination of activity assay of 

keratinase-producing bacterial strains. The maximum 

degradation of feather (90%) and the enzyme production were 

observed in the keratinolytic strain YIV which was 16.25 

units/mL and dry cell weight of 4.36 DCW/L.  

 

Morphological and physiological characterization 

The 4 strains were morphologically and biochemically 

characterized like the research conducted by Peng et al., 

(2024) and Seid, M (2022).  

 

On the basis of morphological and biochemical characteristics, 

aforementioned 4 strains (9X, FS, YIV, QLC) were gram-

positive, aerobic, spore formers and distinct rods shaped 

bacilli. Morphological and biochemical analysis of the strains 

has been shown in table 2. Following is the detailed 

morphological and physiological analysis of the desirable 

species. 

 

Table 2: Morphological and physiological characteristics of 

bacterial strains producing keratinase enzyme 

Morphological 

Analysis 

9X FS YIV QLC 

Shape Round Round Round Round 

Opacity Opaque Opaque Opaque Opaque 

Growth Fast Moderate Moderate Fast 

72

90 89
82

78 75
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Colour White Creamy Creamy Creamy 

Biochemical Tests     

Catalase Test + + + + 

Oxidase Test + + + + 

Caseinase + + + + 

Starch Hydrolysis + + + + 

Glucose  + + + + 

Fructose + + + + 

Maltose  - - + + 

Lactose - - + + 

All the strains were catalase, caseinase and oxidase-positive. 

They were mostly positive for carbohydrate fermentation. The 

strains 9X and QLC were facultative anaerobe. The strains 

YIV and FS were aerobe. 

 

Molecular Identification of potent strains  

The 4 best strains were tabbed for the molecular identification 

through 16S ribosomal RNA sequencing analysis. The gene 

based phylogenetic analysis and 16S ribosomal RNA 

sequencing proposed that the strain YIV (tested sample) has a 

99 % evolutionary relation with Bacillus tequilensis (GenBank 

Accession. No. KT986121.1)   

 
Fig. 6: The phylogenetic tree of the tested sample 

 

The phylogenetic tree proposes the phylogeny of the YIV 

strain with other bacterial species and indicates the closed 

relationship among the species of genus Bacillus.  

   

Factors affecting enzyme activity  

There are some factors/cultural conditions which are involved 

in the optimal enzyme activity. These factors include pH, 

temperature, substrate concentration, and incubation time. In 

this study, the most potent strain YIV was studied for 

understanding the effects of these parameters on enzyme 

activity.  

 

Effect of pH 

The optimized production of the keratinase for strain YIV was 

at pH 6.8. The pH was taken at an interval of 0.2 from pH 5 

till 8. Strain YIV produced a max of 16.9units/ml.  

 
Fig. 7: Effect of pH on keratinase production by Strain YIV 

 

Strain YIV showed maximum enzyme production at pH 6.8. 

This shows the optimum flux of hydrogen for this bacterium. 

In the alkaline and acidic range the enzyme activity gets 

altered. It may be because of the slight change in the 

concentration of hydrogen ions that can directly affect the 

potential of cell membrane. This happens due to the 

occurrence of certain amino acids which make up the structure 

of a lipo-protein cell membrane that might get affected by the 

increase and decrease in hydrogen ion concentration. Kumar et 

al., (2023) also indicated that the optimum pH for Bacillus 

mojavensis was 7.5. 

 

Effect of optimum concentration of inducer 

For the induction of keratinase, different percentage of the 

naturally available enzyme inducer; feather meal (0.25%, 

0.50%, 0.75%, 1 %, 1.5%, 1.75 and 2%) was added into the 

fermentation media. It was optimized to get the maximum 

units from strain YIV.  Feather meal percentage 0.5% showed 

the maximum enzyme production. 
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Fig. 8: Effect of enzyme inducer concentration on keratinase 

production by Strain YIV. Error bars denote the standard 

deviation (S.D) for triplicate experimental observations at 

p≤0.05 differing significantly. 

 

The Fig 8 shows the effect of enzyme inducer concentration. 

The enzyme activity was a maximum at 0.5% feather 

concentration. The highest units were 16.9units/ml and, those 

were later decreased with an increase in feather meal 

concentration.  

 

Keratinase, was induced by keratin, which is substrate 

specific. The concentration of substrate (feather keratin) is 

very important for the induction of this enzyme. The 

maximum units of keratinase (16.9 units/mL) were optimized 

with 0.5 % of feather concentration. The units showed decline 

with the increase in substrate concentration. The decrease in 

enzyme activity might be associated with the phenomenon of 

substrate or/and product inhibition. The same results were also 

shared by Suntornsuk et al., 2005 who also optimized the 

inducer concentration for Bacillus subtilis at 1%. 

 

Effect of incubation time 

For the optimum production of the bacteria, a reaction of 

submerged fermentation took place for up to 10 days. Strain 

YIV showed maximum activity at day 7. 

 
Fig. 9: Effect of incubation time on keratinase production by 

Strain YIV. All results show the average of three experimental 

observations with ±S.D, denoted by error bars differing 

significantly at p≤0.05. 

 

 Fig 9 indicates the effect of time of incubation on the strain 

YIV. On the day 7 the production of the enzyme was 

maximum, which gradually decreased on day 9 onwards.  The 

highest units were 17.3units/ml. 

 

Different incubation periods for the optimized production of 

keratinase were jotted in specialized chicken feather media. 

Strain YIV produced maximum enzyme units (17.3units/ml) in 

168 hours. More raise in incubation period caused reduction in 

enzyme production. This decline in enzyme production might 

be because of the diminution of nutrients in artificial medium 

which became the cause of microbial cells to enter the 

stationary phase (in which secondary metabolites were 

produced). These secondary metabolites usually impede 

enzyme conformational structure. The results were in 

agreement with reports of Ire & Onyenama (2017) that 

exhibited maximum enzyme units at 72 h for B. licheniformis. 

 

Effect of temperature 

For the optimum production of the desired aforementioned 

bacteria, a range of temperatures from 37 till 42oC was 

observed. The bacteria showed optimum production at 40oC.  

 
Fig. 10: Effect of temperature on keratinase production by 

Strain YIV. All results show the mean of three experimental 

observations with ±S.D, represented by error bars differing 

significantly at p≤0.05. 

 

Fig 10 shows the highest enzyme activity at temperature 40oC. 

Maximum enzyme production was at 40oC. The enzyme 

showed a gradual increase in activity starting from 35oC and it 

gained increase till 40oC. After that it showed a decrease in 

enzyme units. So the maximum production was at 40oC.  

 

Strain YIV showed maximum units of 18.4(units/ml) at 

temperature 40oC. This could be an indicative of the fact that 

the enzymes are viable within the mesophilic range and 

Bacillus tequilensis exhibits the characterestics of a mesophile. 

Any further increase in the temperature may cause the 

inactivation/denaturation of the enzyme. This indicates that 

higher temperature will retard microbial activity because the 

microbes from Genus Bacillus are typically mesophiles. They 

grow within the temperature range of 35-45oC.  These results 
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are similar to the results of Masruroh et al., (2023) who 

reported the opt. temperature of Bacillus haynesii BK1Hc at 

35oC for keratinase production and Sahooet al. (2012) with 

optimum enzyme production at 40oC for Bacillus 

weihenstephanensis, while Silva et al., (2014) also isolated 

bacterial strains among which Bacillus subtilis was the one, 

which showed maximum enzyme activity at 50oC. Macedo 

and Termignoni, (2014) determined the highest activity at 50o 

C for B. subtilis S14. The experiments revealed that strain YIV 

was a good candidate for keratinase production. These bacteria 

can be a potential user in degrading animal hides which opens 

their window to serve in industries. 

 

II.CONCLUSION 

The potent and efficient keratinolytic bacterial strain YIV was 

isolated from the leather waste management sites and chicken 

slaughter-houses. The molecular identification analysis 

confirmed its belonging to the genus Bacillus. The novel 

isolated strain of Bacillus sp. YIV proficiently produced 

extracellular keratinase by consuming chicken feathers (rich in 

keratin) as a substrate under submerged fermentation reaction 

(SMF). The keratinase isolated from strain YIV has promising 

potential in the bioremediation especially in the bioconversion 

of poultry feather waste into the feedstuff which is protein 

rich. And it also has imminent implications for the 

management of bio-waste for making good formulations of 

cost effective detergents.  
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