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Isolation, Identification and Characterization of Keratin Degrading Microorganisms from Poultry Soil and Their Feather Degradation Potential

ABSTRACT
Keratin is an insoluble and protein -rich epidermal material found in feathers, hair, wool, and skin, poses a challenge in environmental waste management because of its resistance to 
degradation. Particularly keratinolytic bacteria and fungi, have demonstrated the ability to 
break down keratin into simpler components, offering solutions for waste management and 
biotechnological applications.  Despite their resistant structure, keratin wastes can be degraded by various microorganisms through the secretion of keratinases, which are excellent enzymes for several applications, including detergents, fertilizers, and leather and textile industry. In an attempt to isolate keratinolytic microorganisms that can reach commercial values as keratinase producers. This project aims to delve into the mechanisms employed by various microbial species in the degradation of keratinaceous materials. Through genomic and proteomic analyses, we explore the enzymatic pathways and key proteins involved in keratin degradation.	Comment by ADANNE: 
This investigation involves culture -dependent and independent techniques to identify and 
characterize the keratinolytic microorganisms from diverse ecological aspects. Also, the 
project focuses on the practical implications of keratin degradation. Potential applications 
include the development of eco -friendly products in various industries. Understanding the 
enzymatic processes underlying keratin breakdown could pave the way for the design of 
innovative biocatalysts and bioremediation strategies for the efficient utilization of keratin -
rich waste streams.	Comment by ADANNE: Not captured in the work
Keywords - Feather degrading Bacteria, Characterization, Identification, Keratinase, 
Poultry waste.   

INTRODUCTION
Animal tissues such as hair, feathers, horns, and nails are home to the keratin, it is a structural protein. A number of branches, including biotechnology, environmental science, and agriculture, are particularly interested in the keratin breakdown process. The processes involved in keratin degradation may have noteworthy consequences for waste handling, bioremediation, and product innovation. I'll be concentrating on the microbial keratin breakdown in my thesis. Discovery says that microorganisms, including bacteria and fungi, have the enzymes required to decompose keratin into its constituent amino acids. Because they have the disulfide links in keratin and disrupt the protein structure, these enzymes, often referred to as keratinases, which are essential to the degradation process. 
Feathers, which are predominantly composed of keratin, are one of the most available waste products in the poultry industries. Chicken feathers are characterized as a unique source of amino acids, and their content depends on environment, food, age and breed. Generally, feathers have been reported to contain high proportion of non - essential amino acids.
In addition to carbon, nitrogen, Sulphur, hydrogen, chicken feathers have been found to contain usable macronutrients and micronutrients, including phosphorus, calcium, magnesium, iron, zinc, potassium, Sulphur, sodium, copper and manganese (Staron P et.al, 2017 and Nurdiawati A et.al, 2017). It is a tough and insoluble protein and it poses an environmental challenge due to its slow degradation rate. However, nature provide a great solution in the form of keratinolytic microorganisms, which are capable of breaking down the keratinaceous materials.  This project aims to delve into the realm of these microorganisms inhabiting poultry soil, by focusing on isolating, identifying, and characterizing their keratinolytic potential. It helps to understand the diversity and capabilities of these microorganism s, we can use their enzymatic powers for sustainable waste management practices, particularly the process begins with the isolation of keratin –degrading microorganisms from poultry soil samples, by using selective culture techniques and the identified isolates undergo the characterization to illustrate their taxonomic diversity and phylogenetic relationships. This step provides the insights into the microbial community structure but also aids in identifying novel species with their unique keratinolytic capabilities. The enzymatic arsenal of these microorganisms can be explored; we can focus on the production and optimization of keratinases. These enzymes hold a very big potential for various industrial applications and also animal feed production, biofertilizer development, and bioremediation of keratin -rich waste streams. The project seeks to evaluate the feather degradation potential of the isolated microorganisms under the different environmental conditions. By understanding the factors influencing keratin degradation, we can enhance the efficiency of microbial feather de gradation processes, paving the way for sustainable and eco -friendly waste management strategies in the poultry industry. 
Feathers are primarily composed of keratin, the same protein found in human hair and nails. Keratin provides feathers with strength, flexibility, and resistance to wear and tear. This structural protein forms the central shaft, or rachis, of the feather, a s well as the barbs and barbules that branch off from it. This intricate arrangement of keratin gives feathers their unique shape and enables birds to perform a variety of functions, such as flying to maintaining their body temperature. Keratin is a structural protein which is found in avian feathers. It is a challenging substrate for degradation because it is highly cross -linked and is resistant in nature. Poultry soil, it is enriched with feather waste, it acts as a promising habitat for keratinolytic microorganisms which are capable of efficiently breaking down feathers. This literature review explores the advancements in isolating, identifying and characterizing keratin–degrading microorganisms from poultry soil and their potential for feather degradation. 

MATERIAL AND METHODS
1. Isolation of Keratin -Degrading Microorganisms: 	Comment by ADANNE: 
There are numerous microorganisms capable of degrading keratin such as bacteria, fungi, and certain types of mites. They possess enzymes called keratinases that break down the tough keratin protein into simpler components that they can use as a food source. Mostly these microorganisms are found naturally in environments where keratin -rich materials like feathers, hair, wool, are present, such as soil, compost, and animal waste. Researchers have also isolated keratin -degrading microorganisms for various industrial applications, such as in waste treatment and the production of animal feed. Poultry soil harbours a diverse microbial community adapted to thrive on keratin -rich substrates. Singh et al. (2019) isolated a novel Bacillus  sp. strain from poultry farm soil, demonstrating robust keratinase activity capable of degrading chicken feathers efficiently (Singh et al., 2019). Similarly, Gupta and associates (2020) identified several keratinolytic bacteria from poultry litter, including species of Bacillus and Micrococcus, exhibiting high feather degradation potential (Gupta et al., 2020).  	Comment by ADANNE: How was the isolation done: which meadia? At what conditions and principle guiding the theory 	Comment by ADANNE:  	Comment by ADANNE: 	Comment by ADANNE: Italicize 
2. Identification of Keratin -Degrading Microorganisms:  
Screening assays are performed to identify microorganisms capable of degrading keratin. This may involve observing changes in the appearance of the keratin substrate, such as softening or dissolution, or measuring the release of keratinolytic enzymes.  Enzyme assays can be conducted to quantify the activity of keratinolytic enzymes produced by the microorganisms. This provides insights into their efficiency and potential applications in various industries.
3. Characterization of Keratin –Degrading Enzymes:  
Characterization of keratin degrading enzymes is essential for understanding their properties, mechanisms and potential applications. These enzymes play a crucial role in breaking down keratin.  Characterization studies have elucidated the enzymatic machinery employed by keratinolytic microorganisms for feather degradation. Chaturvedi and Jain (2017) characterized a keratinase from Bacillus subtilis strain K1, revealing its optimal activity at alkaline pH and elevated temperatures, indicative of its suitability for industrial applications (Chaturvedi & Jain, 2017). Additionally, Gupta et al. (2020) characterized a feather -degrading enzyme from Micrococcus luteus strain PL1, highlighting its substrate specificity and stability under diverse environmental conditions (Gupta et al., 2020).
4. Feather Degradation Potential:  
Feather degradation offers a sustainable solution for managing vast quantities of feather waste generated by poultry farms, slaughterhouses, and other industries. Keratin -rich feathers contain valuable nutrients, which include nitrogen and Sulphur, and can be recycled through degradation processes. Feather degradation has the potential to remediate environments contaminated with keratinaceous waste, such as landfills or poultry waste disposal sites. Enzymes that are produced by keratin -degrading mi croorgani sms have various biotechnological applications. Keratinases, the enzymes responsible for feather degradation, these enzymes can be utilized in industries such as textile processing, leather production, and bioremediation, offering potential economic benefits. Keratin -degrading microorganisms from poultry soil exhibit considerable potential for feather degradation, offering implications for waste management and biotechnological applications. Yadav et al. (2022) demonstrated the utilization of feather -degrading bacteria for the efficient conversion of poultry feathers into biofertilizers, emphasizing their role in sustainable agricultural practices (Yadav et al., 2022). Furthermore, Jain and associates (2019) explored the enzymatic degradation of feathers by fungal isolates for the production of keratin hydrolysates with potential applications in the cosme tic and pharmaceutical industries (Jain et al., 2019).	Comment by ADANNE: Spell well	Comment by ADANNE: spelling


5. Results
List 1- Carbohydrate Utilization Pattern of Selected Microbial Isolates
	Sugars  S1 S3 S4 S5 C1 C2 C3 C4 
Xylose  +ve     +ve  +ve 
Arabinose  -ve  +ve   +ve  +ve 
Cellobiose  +ve -ve      -ve 
Sucrose  +ve +ve +ve +ve +ve   +ve 
Maltose  +ve -ve  +ve    +ve 
Mannitol  +ve +ve      +ve 
Lactose  +ve    -ve  -ve -ve 
Galactose  -ve       +ve 
Fructose  +ve +ve    +ve  +ve 
Raffinose  +ve   +ve    +ve 
Cellulose   -ve   -ve    
Glucose   +ve  +ve +ve +ve +ve  
 


	
Sample 2 = IMVIC  
IMVIC  S2 
Indol  -ve 
Methly red  +ve 
Voges Proskauer  -ve 
Citrate test  -ve 



 (+ve = Positive, -ve =Negative)  

6. Difference in Weight of Feather meal  
Feather meal was prepared by soaking the feather in Diethyl ether and cutting them into pieces.  Bacterial cultures were isolated from the soil sample and inoculated in feather meal broth for keratinase production and biodegradation using feather (keratin) as sole carbon source.  After a week of incubation on rotary shaker the flasks showed turbidity and degradation of feathers were observed. The percentage of feather degradation is calculated from the difference in the initial weight and weight obtained by after one week of incubation. 
Following table shows the difference in initial and final weight of the feathers degraded. 

Table 1- Change in Sample Weight Before and After Experiment
	Sample
	Initial Weight(in grams)
	Final Weight(in grams)

	S1
	0.05
	0.0395

	S2
	0.05
	0.02

	S3
	0.05
	0.0263

	S4
	0.05
	0.0176

	S5
	0.05
	0.0008

	C1
	0.05
	0.0269

	C2
	0.05
	0.0401

	C3
	0.05
	0.0044

	C4
	0.05
	0.0051


 
Sample S5 shows the highest degradability followed by sample C3 and Sample C4 also showing maximum amount of degradation.
7. Graphical representation of Effect of Time on growth of Micro-orgamisms  
 OD at 600 nm Incubation time. Effect of incubation time. S1, S2, S3, S4, S5, C1, C2, C3, C4.
Fig 1- Effect of incubation time


8. Graphical representation of Effect of Temperature on growth of 
microorganisms  





Fig 2- Effect on Temperatures
	Comment by ADANNE: remove gradient lines, 
9. Graphical representation  of Effect of pH on growth of microorganisms  
 	Comment by ADANNE: remove gradient lines
Fig 3- 	Graphical representation  of Effect of pH on growth of microorganisms
RESULTS AND DISCUSSIONS
Keratinase enzyme activity U/ml/min. pH range Effect of pH Discussion
Keratin, the protein that makes up our hair, skin, and nails, might seem invincible. But in nature, there are many organisms that have developed specialized ways to break it down. This process, called keratin degradation, is a fascinating example of how nature recycles materials.  Keratin is a tough nut to crack because of its complex structure and strong chemical bonds. Here's how microbes overcome this challenge:
1. Breaking the Bonds:  Keratinases come in different varieties, some targeting specific bonds within the keratin structure. This weakens the overall structure, making it easier to break down. 
2. Disulfide Reduction:  A crucial step for many keratinases is breaking down disulfide bonds, which link keratin strands together. This often involves another enzyme, reductase, working alongside the keratinase.
3. Proteolysis:  Finally, the fragmented keratin is broken down further into smaller units like amino acids. These can then be used by the microbes as nutrients or become building blocks for other organisms in the ecosystem.
By isolating and characterizing these feather -degrading microbes, you can contribute to 
developing solutions for poultry waste management and exploring the potential of keratinolytic 
enzymes.  Three parameters were done which include - The Keratinase assay, Effect of temperature on the growth of microorganisms and Effect of pH on the growth of microorganisms. Effect of pH on the growth of microorganisms – 
Four types of bacterial isolates were identified from sample 2 based on these characteristics: C1, C2, C3, C4 as genus Sphaebacteria, Acidomonas, Acetobacter, Micrococcus.  The study identifies five bacterial isolates from sample 1, S1, S2, S3, S4, and S5, based on colony, morphological, and biochemical characteristics as genus Staphylococcus,Tricoccus, Alcaligens, Curtobacterium and Brachybacterium. The isolates were identified based on Bergey's manual of determinative bacteriology (9th edition). The genus Brachybacterium, Acetobacter, Micrococcus has the maximum ability to degrade keratin. The isolation of keratin degrading strain of micrococcus from Patagonian merino wool was recently reported (Iglesias et al. 2017). The study shows that this strain was able to produce several keratinases with high molecular weights.  
Researchers are isolating microorganisms that can degrade keratin, the main protein in feathers, which could impact waste management in poultry farms and develop environmentally friendly feather disposal solutions.  Characterizing these microorganisms can help determine their enzymatic pathways, optimal growth conditions, and potential applications in industries like bioremediation and biofertilizer production. Understanding the diversity of keratinolytic microorganisms in poultry soil can provide insights into their ecological role and contribution to agricultural ecosystems.  the combined information from morphological and biochemical tests.  By carefully considering thes e details, we  can design a comprehensive procedure that effectively isolates, identifies, and characterizes feather -degrading microbes from poultry soil, providing valuable insights into their potential for feather waste management and enzyme applications.
CONCLUSION
Isolating and characterizing feather -degrading microbes from poultry soil holds significant promise for both environmental and industrial applications. By enriching for these microbes using selective media and keratin -based substrates, researchers can unlock a treasure trove of potential solutions. Identifying these "feather fighters" through a combination of morphological, biochemical unveils their unique capabilities. Evaluating their feather degradation potential through well -designed assays sheds light on their effectiveness in breaking down this abundant agricultural waste product. Ultimately, this project has the potential to contribute to the development of sustainable feather waste management strategies while exploring the possibilities of utilizing keratinolytic enzymes from these microbes in various industries. The knowledge gained from this endeavor can not only benefit the poultry industry but also contribute to our understanding of microbial diversity and their role in degrading natural materials. The keratinase assay is a crucial tool for characterizing the feather degradation potential of isolated microbes from poultry soil. The keratinase assay plays a central role in this project, acting as a window into the feather-degrading abilities of isolated microbes. By measuring the activity of keratinase enzymes produced by these microbes, researchers can assess their effectiveness in breaking down keratin. In conclusion, the keratinase assay serves as a vital link between microbial isolation and their practical application in feather degradation. By providing a quantitative measure of enzyme activity, this assay empowers researchers to select the most effective feather -degrading microbes, paving the way for sustainable waste management solutions and the exploration of novel applications for these enzymes in various industries.  The study isolated total nine bacterial cultures producing keratinase from habitats where keratin-ontaining substrates were disposed in natural conditions. These isolates were categorized based on colony morphology, growth characteristics, and biochemical characteristics. The five bacterial isolates were identified as belonging to genus Sphaebacter, Acidomonas, Acetobacter, Micrococcus, Staphylococcus, Tricoccus, Alcaligens, Curtobacterium and Brachybacterium. The optimum temperature for all bacterial isolates was 30°C, while the optimum pH was 9 except for S2. The newly isolated Curtobacterium and Brachybacterium demonstrated feather degradation of 70 -72% under unoptimized conditions, making them potential biotechnological applications in processing feather waste from the poultry industry. Further research is needed to understand the factors enabling the enzyme's complete degradation of native keratinase substrate and to explore the use of a consortium of bacter ia and fungi for feather degradation. The study reveals the existence of diverse microbial populations capable of degrading keratin from poultry soil, which is crucial for nutrient cycling and waste management in poultry farming. Understanding the enzymatic pathways and optimal conditions for keratin degradation can help develop efficient feather disposal strategies and potentially harness these microorganisms for biotechnological applications. Further research is needed to explore practical implications, such as bioremediation and biofertilizer production, and to address challenges in waste management and sustainable agriculture.
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S1	Day 0	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	Day 7	0.01	0.03	0.03	0.03	0.04	7.0000000000000007E-2	0.08	0.09	S2	Day 0	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	Day 7	0.01	0.04	0.06	7.0000000000000007E-2	0.08	0.06	0.05	0.03	S3	Day 0	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	Day 7	0.02	7.0000000000000007E-2	0.08	0.08	0.12	0.12	0.17	0.16	S4	Day 0	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	Day 7	0.01	0.03	0.03	0.05	0.14000000000000001	0.15	0.21	0.19	S5	Day 0	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	Day 7	0.01	0.02	0.1	0.04	0.04	7.0000000000000007E-2	0.08	0.06	C1	Day 0	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	Day 7	0.01	0.06	0.11	0.11	0.11	0.12	0.13	0.1	C2	Day 0	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	Day 7	0.02	0.05	0.06	0.08	7.0000000000000007E-2	0.1	0.12	0.09	C3	Day 0	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	Day 7	0.01	0.06	0.09	0.1	0.11	0.11	0.12	0.09	C4	Day 0	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	Day 7	0.01	0.02	0.03	0.04	0.04	0.1	0.13	0.09	Incubation time


OD at 600 nm





Effect on Temperatures.

40	Positive Control	Negative  Control	S1	S2	S3	S4	S5	C1	C2	C3	C4	28.463999999999999	22.08	15.552	20.04	19.632000000000001	17.04	21.552	17.28	16.751999999999999	17.352	17.568000000000001	50	Positive Control	Negative  Control	S1	S2	S3	S4	S5	C1	C2	C3	C4	22.344000000000001	20.52	18.312000000000001	16.751999999999999	18.047999999999998	18.312000000000001	18.552	18.768000000000001	17.472000000000001	22.463999999999999	17.975999999999999	60	Positive Control	Negative  Control	S1	S2	S3	S4	S5	C1	C2	C3	C4	25.896000000000001	23.04	17.495999999999999	21.288	23.568000000000001	16.968	20.495999999999999	20.712	18.916	20.687999999999999	17.324000000000002	70	Positive Control	Negative  Control	S1	S2	S3	S4	S5	C1	C2	C3	C4	27.48	21.521999999999998	18.216000000000001	15.6	17.184000000000001	18.96	18.768000000000001	21.36	18.792000000000002	17.687999999999999	16.440000000000001	80	Positive Control	Negative  Control	S1	S2	S3	S4	S5	C1	C2	C3	C4	24.48	22.248000000000001	18.096	19.007999999999999	20.16	22.2	22.92	20.352	19.728000000000002	22.8	21.744	Incubation Time


Temperatures




Effect of pH

pH	Positive control	Negative control	S1	S2	S3	S4	S5	C1	C2	C3	C4	5	35.64	23.64	25.655999999999999	33.479999999999997	27.24	28.32	29.015999999999998	23.015999999999998	20.808	30.6	22.5	pH	Positive control	Negative control	S1	S2	S3	S4	S5	C1	C2	C3	C4	6	20.808	14.568	15.96	17.495999999999999	17.472000000000001	16.248000000000001	14.736000000000001	17.088000000000001	15.84	17.760000000000002	15.768000000000001	pH	Positive control	Negative control	S1	S2	S3	S4	S5	C1	C2	C3	C4	7	20.808	16.391999999999999	17.904	17.231999999999999	18.911999999999999	19.896000000000001	16.632000000000001	15.384	17.88	16.728000000000002	14.88	pH	Positive control	Negative control	S1	S2	S3	S4	S5	C1	C2	C3	C4	8	24.84	17.376000000000001	17.808	16.344000000000001	17.015999999999998	16.943999999999999	17.832000000000001	16.058	16.128	14.976000000000001	15.407999999999999	pH	Positive control	Negative control	S1	S2	S3	S4	S5	C1	C2	C3	C4	9	16.920000000000002	14.183999999999999	14.256	15.48	16.728000000000002	17.712	15.888	14.736000000000001	15.456	16.079999999999998	15.84	pH range


Keratinase enzyme  activity U/ml/min.





 

 
