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Abstract 

Objective 

Keratinase is an enzyme that belongs to the metalloprotease group, along with many other protein-

degrading enzymes. Keratinase is a specialized enzyme that acts on the substrate (keratin). It 

breaks the strong chemical bonds of keratin. This study aimed to produce the enzyme keratinase 

using local bacterial isolates obtained from soil samples and poultry waste from different areas in 

Al-Anbar province, using various waste materials such as hooves, horns, and hides.  

 

Materials and methods 

Seventeen bacterial isolates were obtained, which demonstrated a high ability to grow on feather 

agar medium used for isolation, from 20 soil and poultry waste samples. The five most efficient 

bacterial isolates were selected based on the diameter of the colonies growing on the feather agar 

medium. Among them, the bacterial isolate designated with the local code A2 was chosen as the 

most efficient in keratin degradation after culturing the five selected isolates on pure keratin 

medium. The bacterial isolate was identified based on morphological, cultural, microscopic 

characteristics, and biochemical tests. The VITEK 2 Compact device was used to confirm the 

identification. 
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Results 

The results indicated that the isolate was Kocuria rosea. The optimal conditions for enzyme 

production from Kocuria rosea, including temperature, pH, inoculum size, carbon source and its 

concentration, nitrogen source and its concentration, and incubation time were studied. Based on 

the experiments and their results, the medium prepared using sheep hooves was selected for the 

growth of Kocuria rosea and the production of keratinase, particularly since it is an 

environmentally available and inexpensive waste in the local environment. The results of the 

optimal conditions study showed that the best production of keratinase enzyme was at a 

temperature of 30°C, a pH of 8.0, shaking speed of 150 rpm, with 3g/100mL of sheep hooves in 

the medium, 5mL/100mL inoculum, using urea as the nitrogen source at a concentration of 

0.1g/100mL, and an incubation time of 72 hours. The enzymatic activity reached 0.301 U/mL. 

 

Conclusions 

These findings underscore the potential of Kocuria rosea in bioindustrial applications, 

particularly in processes involving keratin waste recycling and sustainable waste management. 
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Introduction 

Proteases or protein-degrading enzymes are a group of enzymes that catalyze hydrolysis 

reactions. These enzymes break down proteins into peptides and amino acids. These enzymes 

catalyze the breakdown of the peptide bond of proteins at different sites and under different 
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conditions. Proteases constitute about 60% of the remaining enzymes (Jamir and Seshagirirao 

2018). These enzymes are abundant in nature and are produced from different sources. Research 

and studies have confirmed the presence of these enzymes in plants and animals as well as in 

various microorganisms. Microorganisms such as bacteria, fungi and yeasts are important sources 

for the production of protein-degrading enzymes (Razzaq et al. 2019). Proteases can degrade a 

wide range of substrates, including casein, gelatin, and bovine serum albumin. The average 

molecular weight of proteases is (18-90) kilodaltons (Gurumallesh et al. 2019). These enzymes 

vary in their composition and properties depending on the producing organism (animal, plant, 

microorganism) as well as the growth conditions of these organisms (Liu et al. 2021). 

Keratinase is an enzyme that belongs to the metalloprotease group, along with many other 

protein-degrading enzymes. Keratinase is a specialized enzyme that acts on the substrate (keratin). 

It breaks the strong chemical bonds of keratin. Apart from traditional proteases, keratinase 

enzymes have broad specificity for the substrate rich in insoluble keratin. Proteases, in general 

and keratinase, in particular are of great importance in the field of bioindustry. It is used in textile 

industries, as well as in the recycling of feathers, leather, textiles, feed, fertilizers, and cosmetics. 

Comprehensive studies have been conducted on keratinase, describing its sources, production, 

purification, characterization, examination methods, and applications in economic fields (Kothari 

et al. 2017). 

Keratinases are mostly produced in basic media containing mineral salts bound to keratin. 

Research by  (Emran et al. 2020)indicates that keratinolytic bacteria may utilize processed keratin 

as their only carbon source. Research has demonstrated that keratinolytic enzyme synthesis does 

not always require a keratin matrix. Feathers and animal hair, which are both composed of intact 

keratin, can be used to make the enzyme (Moussa et al. 2021). Keratinases can also be produced 

using other non-keratin materials that have the property of stimulating the production of 

keratinase in cells (Gudzenko et al. 2022). 

Supplements enriched with keratin can boost keratinase production when combined with 

other carbon or nitrogen sources. Some examples of such carbon sources include sugarcane 

bagasse, date molasses (Wei et al. 2022), glucose, and additional nitrogen sources like yeast 

extract, tryptone, urea, peptone, sodium nitrate, and ammonium chloride (Ramnani et al. 2004). 

When designing enzymes for mass production in factories, their relative positions to the cell 

body are an important consideration. Assume for a moment that the enzyme is released into the 

fermentation medium from outside the cell. Since cell breaking is not required, it is the preferable 

method for commercial enzyme synthesis in that circumstance. Thus, the cost of enzyme 

production is reduced, and the target enzymes can be easily isolated. On the contrary, if the 

enzyme is intracellular and not secreted into the fermentation medium, cell breakage is required, 
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and enzyme isolation and purification are difficult. Moreover, livestock production in general and 

domestic chicken production in particular plays a vital socio-economic role for people living in 

low-income countries of Africa and Asia (Mohammadifar et al. 2014; Moazeni et al. 2016a; 

Mohamadinejad et al. 2024). Domestic chickens are widely distributed avian species around the 

world, due to their short generation interval and adaptability in a wide range of agro ecologies 

(Mohammadifar and Mohammadabadi, 2018; Moazeni et al. 2016b; Khabiri et al. 2022). The 

domestic chickens provide high quality protein and income for the poor rural households and are 

the most widely kept livestock species in the world (Mohammadabadi et al. 2010; Mohammadifar 

and Mohammadabadi, 2018). This is due to the presence of the valuable traits of chicken like 

disease resistance, adaptation to harsh environments and ability to utilize poor quality feeds 

(Shahdadnejad et al. 2016; Khabiri et al. 2023). Poultry manure is very suitable for many 

agricultural products such as vegetables, garden and field crop due to its high nitrogen content. 

However, it should be noted that each type of agricultural product and each type of soil has 

specific needs in terms of fertilization. For this reason, it is better to examine the needs of the 

agricultural product and soil before use and determine the amount of fertilizer according to the 

type of product, the amount of nitrogen in the soil and other factors. We must also properly 

manage the amount of chicken manure added to the soil to prevent soil and groundwater 

contamination. Thus, this study aimed to produce the enzyme keratinase using local bacterial 

isolates obtained from soil samples and poultry waste from different areas in Al-Anbar province, 

using various waste materials such as hooves, horns, and hides. 

 

Materials and methods 

Isolation of keratinase production bacteria: 20 soil samples were collected from different 

areas in Anbar Governorate. They included soils contaminated with poultry waste and soils 

planted with various field crops in order to isolate keratinase-producing bacteria from the soil. (1 

g) of each soil sample was taken after cleaning it from impurities and conducting a series of 

decimal dilutions on it in distilled water. The pouring plate method was used, as (1 mL) was taken 

from the fourth dilution, 4-10 and the fifth dilution, 5-10. Each of them was placed in sterile Petri 

dishes. Then, a sterile feather agar medium consisting of 10 g of chicken feather powder, NaCl 

(0.5 g), KH2PO4 (0.7 g), K2HPO4 (1.4 g), MgSO4.7H2O (0.1 g), MgCl2.6H2O (0.48 g), and 

agar (15 g), in 1000 mL of distilled water, was added to the plates containing the dilutions. The 

plates were moved clockwise and counterclockwise to ensure a homogeneous distribution of the 

sample. They were incubated at 30 °C for 72 h. Growth and density was observed on these plates. 

These isolates were re-purified by sub-culturing them with several transfers on a feather agar 
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medium to obtain pure single colonies. Then, the purified isolates were screened on feather agar 

medium by culturing them in a circle with a diameter of (1 cm) in the center of the plate. It was 

incubated at 30°C for 48 hours to select the most efficient isolates in enzyme production. The 

keratinase production trait was then detected by measuring the diameter of the colony or the 

transparent area around the growing colony in the middle of the dish. 

Identification of bacterial isolates: Morphological features, such as colony form, 

boundaries, height, color, and texture, were used to identify the most productive bacterial isolates. 

After that, Gram's staining of the bacterial cells allowed for their microscopic examination in 

accordance with  (Holt et al. 1994). Biochemical tests were also performed on these isolates for 

their identification (MacFaddin, 2000). Then, “the diagnosis was confirmed using the Vitek 2 

compact system provided by the French company BioMerieux”. 

Selection of the best local carbon source for keratinase enzyme production: The optimal 

local carbon source for the synthesis of the keratinase enzyme was determined by comparing three 

different local carbon sources: horn powder, hoof powder and hides. Horn agar medium, hoof 

agar medium and hide agar medium were prepared by adding 2 g of horn powder, 2 g of hoof 

powder and 2 g of hide powder (each separately) to NaCl (0.05 g), KH2PO4 (0.07 g), K2HPO4 

(0.14 g), MgSo4.7H2O (0.01 g) and 1.5 g of agar in 100 mL of distilled water. Then, the media 

were sterilized by autoclaving. Petri dishes were used to pour the cooled medium, which was then 

permitted to harden. Next, three copies of each source were used to plant the chosen bacterial 

isolate in the middle of the dish, creating a circle with a diameter of 1 cm. A 72-hour incubation 

period was carried out at 30°C. The diameters of the bacterial colonies on each of the 

aforementioned mediums were used to choose the optimal residue as a carbon source for the 

manufacture of the keratinase enzyme. 

Keratinase assay: Keratinase activity assay According to (Cai et al. 2008), the keratinolysis 

technique was used to measure enzyme activity using 1% chicken feather powder in 0.05 M Tris-

HCl solution (pH 8.0). The reaction mixtures included 1 mL of substrate and crude enzyme 

solutions. The mixture was incubated in a water bath at 50 °C for 20 min. Add 2.0 mL of 0.4 M 

trichloroacetic acid to stop the process. Without adding chicken feather powder, the enzyme 

solution was incubated with 2.0 mL of TCA to make the control solution. For 30 min, the solution 

was centrifuged at 3825 rpm. A spectrophotometer assessed absorbance at 280 nm, with one unit 

(U/mL) of enzyme activity defined as a 0.01 absorbance increase. 

pH: The growth medium pH was adjusted to 6, 7, 8, 9, 10 to find the best pH for keratinase 

enzyme synthesis in liquid media. 
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Inoculum size: In order to examine the impact of the increased inoculum size on the 

production of the keratinase enzyme, the liquid medium was inoculated with several sizes of the 

chosen bacterial isolate. (1, 2, 3, 4, 5) mL/100 mL media was the inoculum size that was utilized. 

Temperature: Different temperatures were tested (25, 30, 35, 40, 45) C “to determine the 

optimum temperature for the production of keratinase enzyme in the liquid production medium”. 

Carbon source concentration: After screening the waste materials using a solid medium, 

it was found that hoofs produced the highest concentration of keratinase enzyme, making them 

an ideal candidate for use as a local carbon source in enzyme synthesis. Other waste materials 

investigated included skin and horns. It is abundantly available as environmental waste and is 

inexpensive to obtain from an economic point of view. It was added in an amount of (1, 2, 3, 4, 

and 5) g/100 mL of medium to determine the optimal concentration for the production of 

keratinase enzyme. 

Type of nitrogen source: Organic sources of nitrogen, such as peptone and urea, and 

inorganic sources, such as sodium nitrate and ammonium sulfate, were tested to find the optimal 

nitrogen source for keratinase enzyme synthesis. 

Concentration of the nitrogen source: Urea was selected as the best nitrogen source based 

on the previous step for the production of keratinase enzyme, as it was added to the liquid medium 

in different weights (0.1, 0.2, 0.3, 0.4, and 0.5) g/100 mL of medium to determine the optimal 

concentration for the production of keratinase enzyme. 

Period of incubation: To find the optimal incubation period for keratinase enzyme 

production, the chosen isolate was tested on a liquid medium with hooves as a carbon source. The 

incubation periods were 24 hours, 48 hours, 72 hours, 96 hours, and 120 hours. Temperature, pH, 

and concentration of carbon source as well as the type and concentration of nitrogen source were 

also varied. 

 

Results and discussion 

Isolation of bacteria producing keratinase enzyme: Table 1 displays the first isolation 

results, which revealed that out of 30 bacterial isolates obtained from 20 soil samples sent to the 

lab, 17 were able to grow successfully on feather agar medium. The growth density of these 

isolates on feather agar medium, a source of carbon and energy, determined their capacity to 

manufacture the keratinase enzyme. The results of the secondary screening showed that obtaining 

five local isolates was efficient in analyzing the residue. These isolates carried the local codes 

(A2, E1, F1, G1, and H1), and the diameters of the colonies of these isolates were (3.5, 3, 3, 3, 

and 3.5) cm, respectively. 
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Table 1. Growth diameter rate of bacterial isolates on isolation medium (cm) 

No. Isolate symbol Average diameter of growth zone (cm) 

1 A1 2.5 

2 A2 3.5 

3 B1 2.5 

4 C1 2 

5 D1 1.5 

6 E1 3 

7 E2 2.5 

8 F1 3 

9 F2 2.5 

10 G1 3 

11 H1 3.5 

12 Z1 2.5 

13 J1 2 

14 K1 2.5 

15 U1 2.5 

16 U2 2 

17 X1 1.5 

 

Testing the efficiency of the selected isolates by re-culturing them on keratin medium: the 

most efficient isolate in keratin analysis was selected by re-culturing the five isolates selected in 

the previous paragraph on keratin agar medium by making a circle with a diameter of 1 cm in the 

centre of the dish. The dishes were incubated for 72 hours at 30°C. The isolates appeared with 

different diameters, as shown in Table 2. The isolate bearing the local symbol A2 was selected 

from among the five selected isolates (Figure 1) based on the growth rate of its diameter (Deba et 

al. 2023). 

Diagnosis: Tables 3 and 4 show the results of the biochemical, microscopic, and cultural 

tests conducted on the chosen bacterial isolate with the local code (A2), which was based on (Holt 

et al. 1994). The VITEK2 Compact device's ability to diagnose the isolation verified this. 

Selection of the best carbon source for keratinase enzyme production: Figure 2 shows 

the findings of the experiment demonstrating that the best isolate for manufacturing the keratinase 

enzyme, Kocuria rosea, varied in its capacity to utilize the carbon sources represented by horns, 
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hooves, and skin. The optimal carbon source for enzyme synthesis was determined to be hoof, 

which resulted in an average bacterial colony diameter of 3.5 cm. 

 

Table 2. Average growth diameters of bacterial isolates on keratin medium (cm) 

No. bacterial isolation symbol Average diameter of growth zone (cm) 

1 A2 3 

2 E1 2.5 

3 F1 2 

4 G1 2 

5 H1 2 

 

 

Figure 1. Bacterial isolate with local code A2 on keratin medium with a lysis diameter of 3.5 

cm 

 

 

Table 3. Cultural and microscopic specifications of the bacterial isolate with local code A2 

Nature of colonies on solid medium Bacteria 

shape 

Cell 

aggregation 

Gram 

dye 

Shape Color Texture Edge Transparency Height Spherical double, groups positive 

circle pink mucous soft dark Convex 
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Table 4. Results of biochemical tests for the bacterial isolate with local code A2 

No. Type of test Result 

1 Catalase + 

2 Oxidase  - 

3 Indole + 

4 Methyl red - 

5 Voges-Proskauer - 

6 Motility - 

7 Urease - 

8 Starch hydrolysis - 

9 Gelatin hydrolysis + 

 (+) positive for the test (-) negative for the test 

 

This result is attributed to the high content of keratin in the hooves. In addition, the chemical 

composition of cattle hooves is characterized by containing a large amount of keratin in the form 

of alpha-helical with a mixture of beta sheets and about 90% crude protein (Falaye et al. 2020). 

 

 

Figure 2. The efficiency of selected bacterial isolates in exploiting local carbon resources 

 

Optimizing the optimal conditions for the growth of the selected bacterial isolate 

producing the keratinase enzyme-pH: Figure 3 shows that of all the pH values tested, the 

enzyme productivity utilizing Kocuria rosea bacteria at pH 8 produced the best yield. At pH 9, 

the enzyme concentration was 0.101 U/mL, after which it reached 0.110 U/mL. At other pH 

values, however, enzyme production decreased. One of the variables that determine enzyme 

synthesis is the pH. It does this by influencing how the microbes involved in production affect 

the solubility and readiness of the nutrients. This causes the microbes to produce the enzyme since 



  Agricultural Biotechnology Journal, 2024 16(4)   

400 

Agricultural Biotechnology Journal;      Print ISSN: 2228-6705,      Electronic ISSN: 2228-6500 

 

it will show up in their growth. There is a correlation between the production medium's pH and 

the efficiency of enzyme activities and nutrient and material transfer across cell membranes. The 

microbe that produces it has its metabolism impacted. To get the most out of the enzyme 

manufacturing, the pH needs to be right for the microbe doing the creating (Moradi et al. 2020). 

This result is almost consistent with what was reached by Barman et al. (2017), who were 

able to produce the keratinase enzyme from Arthrobacter sp. bacteria at pH (7.5). Also,  Hashem 

et al. (2018) were able to obtain the optimal production of the keratinase enzyme from Bacillus 

licheniformis bacteria at pH 8.5.  

This result is completely consistent with what was reached by Mazotto et al. (2022), who 

obtained the highest production of the keratinase enzyme from Bacillus subtilis bacteria at pH 8. 

 

Figure 3. Effect of pH on the production of keratinase enzyme (L.S.D**0.0035) 
 

Inoculum Size: Figure 4 displays the data showing that the optimal inoculum size for 

producing the keratinase enzyme from Kocuria rosea bacteria was 5 mL/100 mL of media. After 

72 hours of incubation, the enzyme concentration was 0.224 U/mL. After that point, every further 

change in inoculum size resulted in a decline in production rate. The inoculum size that resulted 

in the lowest enzyme production was 1 mL/100 mL medium, which reached 0.189 U/mL. Because 

the inoculum concentration is insufficient to supply a biomass of the bacterial isolate, enzyme 

synthesis is minimal at low inoculum sizes. Therefore, it has a detrimental effect on enzyme 

synthesis. On the other hand, the high density of cells in the culture increases viscosity and 
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competition for nutrients. This also reduces the possibility of cells reaching the stage of high 

production. Thus, their ability to produce the enzyme (Abdel-Fattah et al. 2018). This result is 

consistent with what was reached by Demir et al. (2015), who were able to obtain the best 

production of keratinase enzyme from Streptomyces sp. bacteria when using an inoculum size of 

(5) mL/100 mL medium. 

This result is also consistent with what was reached by Barman et al. (2017), who were able to 

produce keratinase enzyme from Arthrobacter sp. bacteria at an inoculum size of 5 mL/100 mL 

medium.  While  Abdul Gafar et al. (2020) were able to obtain keratinase enzyme production from 

Bacillus sp. bacteria at an inoculum size of 5 mL/100 mL medium. 

 

Figure 4. Effect of vaccine size on keratinase enzyme production 

 

Temperature: Figure 5 shows that the optimal temperature for the keratinase enzyme 

synthesis by the Kocuria rosea bacteria was 30°C. A concentration of 0.247 U/mL of enzyme 

was achieved. Enzyme production was shown to be lowest at 45°C. A concentration of 0.228 

U/mL of enzyme was achieved. The development of the microbe and the enzymatic activity are 

both affected by the incubation temperature. The temperature range within which an enzyme is 

created varies with the microorganism responsible for its synthesis, the media in which it is 

produced, and the sources of the enzyme. The reactions catalyzed by enzymes increase in speed 

with increasing temperature to a certain limit. After that, they begin to decrease due to the 

dissociation of hydrogen bonds and other forces that maintain the tertiary form of the enzyme. 

Then, the nature of the enzyme is denatured, and thus its effectiveness is lost (Whitaker 2018). 
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These results are completely consistent with what was reached by Mazotto et al. (2022). They 

obtained the best production of keratinase enzyme from Bacillus subtilis bacteria at a temperature 

of 30°C. 

These results also agree with what was reached by Gafar et al. (2020). They were able to 

produce the enzyme from Bacillus sp. bacteria at a temperature of 31°C. While  Jayalakshmi et 

al. (2011) indicated that the highest production of keratinase enzyme from Streptomyces Sp. 

Bacteria was at a temperature of 28°C. 

 

Figure 5. Effect of temperature on the production of keratinase enzyme 

 

Carbon Source: Figure 6 shows that the optimal carbon source for enzyme synthesis was 

determined to be 3 g/100 mL of hoof waste media, as indicated by the optimum generation of 

keratinase enzyme. At a pH of 8, a vaccination volume of 5 mL, and a temperature of 30°C, the 

enzyme concentration reached 0.248 U/mL. However, other ratios resulted in a reduction in 

enzyme concentration. When the enzyme concentration was 5 g/100 mL of trash, it was at its 

lowest. This is because the level of compatibility between the microbe density and the carbon 

supply ratio plays a significant role in the manufacturing process. The producing microbe needs 

these nutrients and energy sources; therefore, this is how it gets them. When hooves are added in 

large quantities, they prevent microbes from making enzymes. This is because the enzyme's active 

sites are filled with amino acids and proteins, leaving an excess of basic material without enough 

active sites (Izadi et al. 2020). These results are almost consistent with what was reached by 

Moonnee et al. (2021), as they were able to produce the keratinase enzyme from Pseudomonas 
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aeruginosa bacteria at a residue concentration of 2 g/100 mL of medium. These results differ from 

what was reached by Govarthanan et al. (2015). He indicated that the best production of the 

keratinase enzyme from Bacillus sp. bacteria was at a residue concentration of 6 g/100 mL of 

medium. 

 

Figure 6. Effect of carbon source concentration on keratinase enzyme production 

 

Nitrogen source: Figure 7 shows that when given urea as a nitrogen source, the keratinase 

enzyme was most effectively produced by the Kocuria rosea bacterium (0.301U/mL). At the same 

time, other nitrogen sources resulted in a reduction in enzyme concentration. Ammonium sulfate 

caused an even more dramatic drop in enzyme output, and the final enzyme concentration was 

0.231 U/mL. When sodium nitrate was used as a nitrogen source, the enzyme productivity was at 

its lowest point at 0.216U/mL. Nitrogen sources greatly affect the growth of microorganisms. The 

optimum concentrations enhance the content of biomass, protein, fat and carbohydrates. In 

contrast, high concentrations of nitrogen can reduce growth rates in submerged farms 

(AnanadhiPadmanabhan et al. 2010). Nitrogen sources greatly affect the structure of the microbial 

community, metabolic functions, and pollutant removal efficiency in submerged farms. Urea and 

nitrate show clear effects on biodegradation and nutrient transformation (Li et al. 2024). These 

results differ from those of da Gioppo et al. (2009), who were able to obtain the highest production 

of keratinase enzyme from Myrothecium verrucaria bacteria when using peptone as the best 

nitrogen source. These results also differ from those of Sivakumar et al. (2012), who were able to 
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produce keratinase enzyme from Bacillus thuringiensis TS2 bacteria using peptone as the best 

nitrogen source. 

 

Figure 7. Effect of the type of nitrogen source on the production of keratinase enzyme 

Nitrogen source concentration 

 

Figure 8 shows that the keratinase enzyme was most abundantly produced by the Kocuria 

rosea bacterium. Using a concentration of 0.1g urea/100 mL medium, the enzyme concentration 

was obtained at 0.301U/mL. As the concentration of urea rose, the efficiency of the enzymes fell. 

With an addition rate of 0.5g/100 mL of medium, the enzyme concentration was 0.045 U/mL. 

Bacterial growth and keratinase synthesis are very sensitive to nitrogen supply concentration. In 

order to build the enzyme, it is required for the production of proteins and amino acids (Mukherjee 

et al. 2023). These results are consistent with the findings of Barman et al. (2017), who were able 

to produce keratinase enzyme from Arthrobacter sp. bacteria at a nitrogen source concentration 

of 0.1g/mL medium.  El-Ghonemy and Ali (2017) were able to produce keratinase enzyme from 

Aspergillus sp. bacteria at a nitrogen source concentration of 0.5 g/mL medium. 
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Figure 8. Effect of nitrogen source concentration on keratinase enzyme production 

 

Period of incubation: The optimal keratinase enzyme synthesis occurred after 72 hours of 

incubation, as shown in Figure 9. By the time the temperature reached 30°C, and the pH hit 8, the 

enzyme concentration had reached 0.301U/mL. Also, as the incubation period got longer, the 

enzyme production got lower. Due to food depletion and toxin release, enzyme synthesis 

decreases as the incubation duration increases. In addition to the potential for cell autolysis and 

the subsequent release of metabolic chemicals that adversely impact enzyme synthesis, 

lengthening the incubation time causes changes in the medium's environmental conditions, 

including changes in pH and osmotic pressure (Omer et al. 2018). These results are consistent 

with what was indicated by Barman et al. (2017), who obtained the best production of keratinase 

enzyme from Arthrobacter sp bacteria after an incubation period of 72 hours. These results differ 

from those of Dhiva et al. (2020), who obtained the best production of keratinase enzyme from 

Pseudomonas aeruginosa SU-1 bacteria after an incubation period of 96 hours. 
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Figure 9. Effect of incubation duration on keratinase enzyme production 

 

Conclusions: This study successfully demonstrated the production of keratinase enzyme 

using the local bacterial isolate Kocuria rosea, employing environmentally abundant and cost-

effective waste materials as substrates. Optimal production conditions were established, including 

a temperature of 30°C, pH 8, 3 g/100 mL sheep hoof powder as the carbon source, urea as the 

nitrogen source at 0.1 g/100 mL, and a 72-hour incubation period. Under these parameters, the 

enzyme activity reached 0.301 U/mL, highlighting the feasibility of utilizing such waste materials 

for industrial-scale enzyme production. These findings underscore the potential of Kocuria rosea 

in bioindustrial applications, particularly in processes involving keratin waste recycling and 

sustainable waste management. 

Acknowledgement: The authors thank all reviewers for their valuable comments in 

improving the quality of the article. 

Conflict of Interest: There is no conflict of Interest. 

 

References 

Abdel-Fattah AM, El-Gamal MS, Ismail SA, et al. (2018) Biodegradation of feather waste by 

keratinase produced from newly isolated Bacillus licheniformis ALW1. J Genet Eng 

Biotechnol 16(2), 311-318 . 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

24 hr. 48 hr. 72 hr. 96 hr. 120 hr.

0.211 0.203

0.301

0.159

0.097

E
n

z
y
m

e
 C

o
n

c
e

n
tr

a
ti

o
n

Period of incubation



Abdulameer et al. 2024 

407 

Agricultural Biotechnology Journal;      Print ISSN: 2228-6705,      Electronic ISSN: 2228-6500 

 

Abdul Gafar AI, Khayat ME, Ahmad SA, et al. (2020) Response surface methodology for the 

optimization of keratinase production in culture medium containing feathers by Bacillus 

sp. UPM-AAG1. Catalysts 10(8), e848 . 

AnanadhiPadmanabhan M, Renita A, Stanley SA (2010) Studies on the effect of nitrogen source 

and the growth of Marine microalgae algae. Recent Adv Space Technol Servic Climate 

Change, IEEE 2010, 350-352. 

Barman NC, Zohora FT, Das KC, et al. (2017) Production, partial optimization and 

characterization of keratinase enzyme by Arthrobacter sp. NFH5 isolated from soil 

samples. AMB Express 7(1), e181. 

Cai CG, Chen JS, Qi JJ, et al. (2008). Purification and characterization of keratinase from a new 

Bacillus subtilis strain. J Zhejiang Univ Sci B 9(9), 713-720. 

da Gioppo NM, Moreira-Gasparin FG, Costa AM, et al. (2009) Influence of the carbon and 

nitrogen sources on keratinase production by Myrothecium verrucaria in submerged and 

solid state cultures. J Ind Microbiol Biotechnol 36(5), 705-711. 

Deba F, Nelofer R, Irfan M (2023) Isolation, identification, and screening of keratinase producing 

bacteria from soil and production optimization using feather waste as substrate. Punjab 

Univ J Zool 38(1), 109-118. 

Demir T, Hameş EE, Öncel SS, Vardar-Sukan F (2015) An optimization approach to scale up 

keratinase production by Streptomyces sp. 2M21 by utilizing chicken feather. Int 

Biodeterior Biodegradation 103, 134-140 . 

Dhiva S, Ranjith KR, Prajisya P, et al. (2020) Optimization of keratinase production using 

Pseudomonas aeruginosa Su-1 having feather as substrate. Biointerface Res Appl Chem 

10(5), 6540-6549 . 

El-Ghonemy DH, Ali TH (2017) Optimization of Physico-Chemical Parameters for Hyper 

Keratinase Production from a Newly Isolated Aspergillus sp. DHE7 using Chicken Feather 

as SubstrateManagement of Biowaste. J App Pharm Sci, 7(09), 171-178. 

Emran MA, Ismail SA, Abdel-Fattah AM (2020) Valorization of feather via the microbial 

production of multi-applicable keratinolytic enzyme. Biocatal Agric Biotechnol 27, 

e101674 . 

Falaye AE, Sule SO (2020) Chemical composition of differently processed Cattle Hoof meal 

Waste as Feedstuff Ingredient. Ukr J Vet Agric Sci 3(1), 47-51. 

Gafar AA, Khayat ME, Ahmad SA, et al. (2020) Response Surface Methodology for the 

Optimization of Keratinase Production in Culture Medium Containing Feathers by Bacillus 

sp. UPM-AAG1. Catalysts 10(8), e848. 



  Agricultural Biotechnology Journal, 2024 16(4)   

408 

Agricultural Biotechnology Journal;      Print ISSN: 2228-6705,      Electronic ISSN: 2228-6500 

 

Govarthanan M, Selvankumar T, Selvam K, et al. (2015) Response surface methodology based 

optimization of keratinase production from alkali-treated feather waste and horn waste 

using Bacillus sp. MG-MASC-BT. J Ind Eng Chem 27, 25-30. 

Gudzenko O, Avdiyuk K, Borzova N, et al. (2022) Keratinase, Caseinolitic, Cellulase and β-

Mananase Activities of Bacteria Isolated from the Black Sea. Microbiol J (4), 3-8. 

Gurumallesh P, Alagu K, Ramakrishnan B, Muthusamy S (2019) A systematic reconsideration 

on proteases. Int J Biol Macromol 128, 254-267 . 

Hashem AM, Abdel-Fattah A, Ismail S, et al. (2018) Optimization, characterization and 

thermodynamic studies on B. licheniformis ALW1 keratinase. Egypt J Chem 61, 591-607 . 

Holt JG, Krieg NR, Sneath PH, et al. (1994) Bergey's Manual of determinate bacteriology. The 

Williams and Wilkins Company, Baltimore, 9th ed. xviii+, 1094 pp. 

Izadi P, Fontmorin JM, Godain A, et al. (2020) Parameters influencing the development of highly 

conductive and efficient biofilm during microbial electrosynthesis: the importance of 

applied potential and inorganic carbon source. NPJ Biofilms Microbiomes 6, e40. 

Jamir K, Seshagirirao K (2018) Purification, biochemical characterization and antioxidant 

property of ZCPG, a cysteine protease from Zingiber montanum rhizome. Int J Biol 

Macromol 106, 719-729 . 

Jayalakshmi T, Krishnamoorthy P, Ramesh kumar G, Sivamani P (2011) Optimization of culture 

conditions for keratinase production in Streptomyces sp. JRS19 for chick feather wastes 

degradation. J Chem Pharm Res 3(4), 121-125. 

Khabiri A, Toroghi R, Mohammadabadi M, Tabatabaeizadeh S (2022) Cloning and nucleotide 

sequencing of the complete matrix protein of Newcastle disease virus subgenotype VII. 1.1 

prevalence in broiler flocks of northeastern Iran. Modern Genet J 17(2), 113-125. 

Khabiri A, Toroghi R, Mohammadabadi M, Tabatabaeizadeh SE (2023) Introduction of a 

Newcastle disease virus challenge strain (sub-genotype VII. 1.1) isolated in Iran. Vet Res 

Forum 14(4), e221. 

Kothari D, Rani A, Goyal A (2017) Keratinases. In Current developments in biotechnology  and 

bioengineering. Editor(s): Ashok Pandey, Sangeeta Negi, Carlos Ricardo Soccol. Elsevier, 

447-469. 

Li J, Wu B, Xu M, et al. (2024). Nitrogen source affects non-aeration microalgal-bacterial biofilm 

growth progression and metabolic function during greywater treatment. Bioresource 

Technol 391, e129940 . 



Abdulameer et al. 2024 

409 

Agricultural Biotechnology Journal;      Print ISSN: 2228-6705,      Electronic ISSN: 2228-6500 

 

Liu C, Zhang L, Tan L, et al. (2021) Immobilized crosslinked pectinase preparation on porous 

ZSM-5 zeolites as reusable biocatalysts for ultra-efficient hydrolysis of β-glycosidic bonds. 

Front Chem 9, e677868 . 

MacFaddin JF (2000) Biochemical tests for identification of medical bacteria, Williams and 

Wilkins, 3rd edition. pp. 113. 

Mazotto AM, Cedrola SML, de Souza EP, et al. (2022).Enhanced keratinase production by 

Bacillus subtilis amr using experimental optimization tools to obtain feather protein lysate 

for industrial applications. 3 Biotech 12(4), e90 . 

Moazeni S, Mohammadabadi MR, Sadeghi M, et al. (2016a) Association between UCP Gene 

Polymorphisms and Growth, Brreeding Value of Growth and Reproductive Traits in 

Mazandaran Indigenous Chicken. Open J Anim Sci 6, 1-8.  

Moazeni SM, Mohammadabadi MR, Sadeghi M, et al. (2016b) Association of the melanocortin-

3(MC3R) receptor gene with growth and reproductive traits in Mazandaran indigenous 

chicken. J Livest Sci Technol 4, 51-56.  

Mohamadinejad F, Mohammadabadi M, Roudbari Z, et al. (2024) Analysis of liver transcriptome 

data to identify the genes affecting lipid metabolism during the embryonic and hatching 

periods in ROSS breeder broilers. J Livest Sci Technol 12(2), 61-67. 

Mohammadabadi MR, Nikbakhti M, Mirzaee HR, et al. (2010) Genetic variability in three native 

Iranian chicken populations of the Khorasan province based on microsatellite markers. 

Russ J Genet 46(4), 505-509 

Mohammadifar A, Faghih Imani SA, Mohammadabadi MR, Soflaei M (2014) The effect of 

TGFb3 gene on phenotypic and breeding values of body weight traits in Fars native fowls. 

Agric Biotech J 5, 125-136 (In Persian).  

Mohammadifar A, Mohammadabadi MR (2017) Effect of Uncoupling Protein Polymorphisms on 

Growth, Breeding Value of Growth and Reproductive Traits in the Fars Indigenous 

Chicken. Iran J Appl Anim Sci 7, 679-685.  

Mohammadifar A, Mohammadabadi MR (2018) Melanocortin-3 receptor (MC3R) gene 

association with growth and egg production traits in Fars indigenous chicken. Malays Appl 

Biol 47, 85–90. 

Moonnee, Y. A., Foysal, M. J., Hashem, A., Miah, M. F. J. J. o. G. E. and Biotechnology (2021). 

Keratinolytic protease from Pseudomonas aeruginosa for leather skin processing. J Genet 

Engin Biotechnol 19(1), e53. 

Moradi M, Kousheh SA, Almasi H, et al. (2020) Postbiotics produced by lactic acid bacteria: The 

next frontier in food safety. Compr Rev Food Sci Food Saf 19(6), 3390-3415.  



  Agricultural Biotechnology Journal, 2024 16(4)   

410 

Agricultural Biotechnology Journal;      Print ISSN: 2228-6705,      Electronic ISSN: 2228-6500 

 

Moussa Z, Darwish DB, Alrdahe SS, Saber WI (2021) Innovative artificial-intelligence-based 

approach for the biodegradation of feather keratin by Bacillus paramycoides, and 

cytotoxicity of the resulting amino acids. Front Microbiol 12, e731262.  

Mukherjee R, Bera D (2023) Effect of nutritional parameters on microbial production of L-

Asparaginase by  novel Brevibacillus borstelensis ML12. Prep Biochem Biotechnol 53(8), 

995-1003.  

Omer DADS, Fakhri Al-Rawi D, Kamil Buniya H (2018) Production of pepsin by bacteria and 

fungi from soil and rumen cultured in whey and brans . Onl J Vet Res 22(10), 933-940 

Ramnani N, Elliott R, Athwal B, Passingham REJN (2004) Prediction error for free monetary 

reward in the human prefrontal cortex. Neuroimage 23(3), 777-786.  

Razzaq A, Shamsi S, Ali A, et al. (2019) Microbial proteases applications. Front Bioeng 

Biotechnol 7, e110 . 

Shahdadnejad N, Mohammadabadi MR, Shamsadini M (2016) Typing of Clostridium Perfringens 

Isolated from Broiler Chickens Using Multiplex PCR. Genet Third millennium 14 (4), 

4368-4374. 

Sivakumar T, Shankar T, Vijayabaskar P, Subramanian R (2012) Optimization for keratinase 

enzyme production using Bacillus thuringiensis TS2. Acad J Plant Sci 5(3), 102-109 . 

Wei L, Wang S, Zhang F, et al. (2022) Efficient degradation of molasses wastewater from sugar 

mill by lipase via addition reaction. LWT 161, e113366. 

Whitaker S (2018) Forced convection heat transfer correlations for flow in pipes, past flat plates, 

single cylinders, single spheres, and for flow in packed beds and tube bundles. AIChE J 18, 

361-371 . 

 

 



 

 با استفاده از زباله های محیطی  Kocuria rosea تولید آنزیم کراتیناز از جدایه محلی

 

   احمد س عبدالامیر

  . آدرس پست الکترونیکی: گروه زیست شناسی، دانشکده آموزش علوم محض، دانشگاه انبار، انبار، عراقرشد،  دانشجوی کارشناسی ا

ahm22u1001@uoanbar.edu.iq 

  ذافر فخری الراوی

انبار، عراقاستاد  نویسنده مسئول:  * انبار،  دانشگاه  آموزش علوم محض،  دانشکده  الکترونیکی:  گروه زیست شناسی،  آدرس پست   .

prof.daffer@uoanbar.edu.iq 

  محمد قیس العانی

گ محض،  استاد  علوم  آموزش  دانشکده  شناسی،  زیست  عراقروه  انبار،  انبار،  الکترونیکی:  دانشگاه  پست  آدرس   .

sc.drmohammedqais1975@uoanbar.edu.iq 

 

 01/10/1403تاریخ پذیرش:       30/09/1403تاریخ دریافت فایل اصلاح شده نهایی:        19/07/1403تاریخ دریافت: 

 

   چکیده

کراتیناز  . های تجزیه کننده پروتئین به گروه متالوپروتئازها تعلق داردآنزیم کراتیناز آنزیمی است که به همراه بسیاری دیگر از هدف: 

این مطالعه با هدف  .  شکندپیوندهای شیمیایی قوی کراتین را می و    کندیک آنزیم تخصصی است که روی سوبسترا )کراتین( عمل می 

های خاک و ضایعات طیور از مناطق مختلف استان  آمده از نمونه دست های باکتری محلی به تولید آنزیم کراتیناز با استفاده از جدایه

 .با استفاده از مواد زاید مختلف مانند سم، شاخ و پوست انجام شدعراق  الانبار 

جدایه باکتریایی به دست آمد که توانایی بالایی برای رشد در محیط کشت    17نمونه خاک و ضایعات طیور،    20از    ها:مواد و روش

های رشد کرده روی محیط کشت پر آگار مورد استفاده برای جداسازی را نشان دادند. پنج ایزوله باکتریایی کارآمد بر اساس قطر کلنی

پس از کشت پنج ایزوله منتخب بر روی محیط کراتینه خالص،   A2 در این میان، ایزوله باکتری با کد محلی.  پر آگار انتخاب شدند

های مورفولوژیکی، فرهنگی، میکروسکوپی  جدایه باکتری بر اساس ویژگی .  به عنوان کارآمدترین جدایه در تجزیه کراتین انتخاب شد 

 . استفاده شد VITEK 2 Compact هویت از دستگاه برای تایید. های بیوشیمیایی شناسایی شدو آزمایش
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، اندازه  pHشامل دما،   Kocuria rosea شرایط بهینه برای تولید آنزیم از .  بود  Kocuria roseaنتایج نشان داد که جدایه    نتایج: 

ها و نتایج بر اساس آزمایش.  تلقیح، منبع کربن و غلظت آن، منبع نیتروژن و غلظت آن و زمان انکوباسیون مورد بررسی قرار گرفت

ویژه که این ضایعات در دسترس و های گوسفندی برای رشد کوکوریا رزا و تولید کراتیناز انتخاب شد، به شده با سمتهیه ها، محیط  آن

درجه سانتی    30نتایج مطالعه شرایط بهینه نشان داد که بهترین تولید آنزیم کراتیناز در دمای  .  ارزان قیمت در محیط محلی است

  100میلی لیتر در    5میلی لیتر سم گوسفند در محیط،    100گرم در    3دور در دقیقه، با    150، سرعت تکان دادن  8/0برابر   pHگراد،  

ساعت    72میلی لیتر و زمان انکوباسیون    100گرم در    1/0با استفاده از اوره به عنوان منبع نیتروژن در غلظت  .  میلی لیتر تلقیح بود

 .رسید U/ml 301/0 فعالیت آنزیمی به

های در کاربردهای بیوصنعتی، به ویژه در فرآیندهای مربوط به بازیافت زباله Kocuria rosea ها بر پتانسیلاین یافته  گیری:نتیجه

 .کندکراتین و مدیریت زباله پایدار تأکید می

 ، گروه متالوپروتئاز، صنعت زیستی، عراق 2های کراتینولیتیک، سیستم ویتک باکتری: کلیدی هایواژه

 

 . پژوهشی: نوع مقاله

 Kocuria rosea تولید آنزیم کراتیناز از جدایه محلی  (1403)  ذافر فخری الراوی، محمد قیس العانی،  احمد س عبدالامیر  استناد:

 .412-391(، 4)16 ،مجله بیوتکنولوژی کشاورزی. با استفاده از زباله های محیطی
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