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ABSTRACT

The study aimed to use chicken feathers to reduce environmental pollution in the preparation of expensive
peptone and use it as an alternative source of nitrogen in the preparation of some media for the growth of some
microorganisms. The results showed that the chicken feather powder contained 4.12, 87.05, 5.12, 1.01 and
2.70% moisture, protein, ash, fat and carbohydrates. The results also showed that the keratin was decomposed
by pepsin and chymotrypsin enzymes, and the best degree of decomposition obtained was 30% after 30 hours of
decomposition using chymotrypsin enzyme. It was also found that the lowest solubility was obtained at pH (3,
4) and the best solubility was (30, 39, 50, 50.3 and 50.6) at pH numbers (5, 6, 7, 8 and 9). It was also noted that
the highest water holding capacity was 3.50 at pH 7 for keratin hydrolysate using chymotrypsin enzyme after 30
hours of hydrolysis. The numbers of Bacillus subtilis and Staph aureus reached (141, 117) x 10° and (100, 89) x
10° and (135, 110) x 10° in the solid nutrient medium and the modified media with the addition of keratin
hydrolysate after 24 and 30 hours of hydrolysis using chymotrypsin enzyme. However, the numbers of E.coli
and Salmonella typhi reached (75, 54)x 10°, (34, 14)x 10° (54, 35)x 10° respectively, in the commercial and
modified MacConky agar medium.
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INTRODUCTION

The media provide the nutritional, physical and chemical requirements that ensure the growth and reproduction
of microorganisms. The requirements of microorganisms are different according to their types, physiology and
the metabolic pathways and enzymes they possess. It is reflected in the great diversity in the components of the
culture media used in the development of different types of them. The number of media increases with the
increased discovery of different types of microorganisms, but despite their diversity. They contain a source of
carbon and energy, a source of nitrogen and other requirements according to the needs of the microorganism
(17,2).

The source of nitrogen varies according to the media, and peptone is the most important and expensive. Thus,
there is an increasing demand for peptone, which is cheap and effective in the growth and reproduction of
microorganisms, especially those used in the industrial production of various materials in various fields,
including medicine, pharmaceuticals, industry and food. It represents the final product of protein degradation by
various methods including enzymatic and acidic, which results in different peptides in the length of the chain
and in their amino acid content. It affects the growth of microorganisms. Therefore, attention must be paid to
choosing the appropriate source and the appropriate method for preparing peptone (30,8).

Annually, the amount of chicken consumed is constantly increasing compared to other types of meat. The
increase in chicken production was certainly accompanied by an increase in the amount of waste produced, such
as feathers, blood, internal organs, meat remains, and other inedible parts (32,3). Chicken feathers are a major
source of poultry slaughterhouse waste. Millions of tons of feather biomass are produced each year worldwide
(14).As a result of the increased demand for poultry meat; and the increase in the standard of living of the Iraqi
individual(1).

Chicken feathers are usually disposed of either by burial, burning or dumping, which creates major problems
affecting environmental pollution as well as human diseases such as cholorosis, fowl cholera (27).

Chicken feathers consist of stable structures due to the abundance of protein, which constitutes 5-7% of the
weight of the chicken, and 90% of the protein keratin, which is a biopolymer with unique properties, including
its high nitrogen content, which makes it a candidate for use in many fields. It is an environmentally friendly
and economical method that reduces pollution and the burden on landfills (23,26). The waste generated as a
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result of chicken consumption has increased around the world. For this reason, the costs of the poultry industry
has become a real problem, and recently added value to inedible materials, and there are many researches on
ways to use them safely and effectively (22). This standpoint and participate in the effective use of chicken
waste and reduce its harmful impact on environmental pollution and global warming and achieve some
sustainable development goals. Thus, study aimed to benefit from chicken feather keratin and use its enzymatic,
acidic and basic decomposers in preparing cheap peptone as an alternative to expensive commercial peptone and
using it in preparing different culture media at a low cost to grow some bacterial species.

MATERIALS AND METHODS

Preparation of feather powder

Collecting chicken feathers and Preparating its powder

White chicken feathers were collected from local markets in Baghdad city for the period from 10/7 to
22/8/2023. Chicken feathers were washed with water to remove dust residues, waste and other stuck dirt. The
washing process was applied several times with water.After cleaning, the feathers were dried using Sonifer
dryer at 65°C. The feathers were ground using a Panasonic meat grinder to obtain chicken feather powder,
which was stored in clean bags until use (29).

Estimation of Moisture
The moisture percentage in chicken feather powder was estimated according to the method described in (7), and

according to the equation below:
X 100 Moisture % = weight of simple before drying—weight after drying

weght of sample befor drying

Estimation of Ash
The ash percentage in feather powder was estimated according to the method described (7) and according to the
following equation:

_ weight of residue x 100

Ash % =

weight of sample

Estimation of Protein

The protein percentage in chicken feather powder was estimated according to Kjeldahl method described (11) as
follows:

The 0.5 g of the sample has been put in digestion flask, with an appropriate amount of Catalyst Kjedahl. Then,
add 5 ml of sulfuric acid, prepare Blank from the above-mentioned materials without adding the sample, then
the digestion process was applied by placing the digestion tubes in the heating unit and gradually raising the
temperature until reaching 420 °C.

The sample turned to a light blue color, then cooled to room temperature. The distillation process was applied in
the distillation flask containing a 40% sodium hydroxide solution, then a 20% boric acid solution was added. It
was placed under the condenser, making sure to immerse the condenser in the solution, then drops of the reagent
solution were added. The titration process was applied with a 0.1-molar hydrochloric acid solution with 25 ml of
distillation products until the color of the solution turned pink, and the percentage of protein was calculated

from the following equation:
(b—a)x 0.1x14 x 100 x 6.25

w x 1000

Protein % =

Estimation of the percentage of fat
The percentage of fat in chicken feather powder was measured according to the method (7), and according to the
following equation:

Llpld % = weight of lipid x 100
weigh of sample

Estimation of the percentage of carbohydrates

The percentage of carbohydrates in chicken feather powder was estimated according to the method (FAQ, 2003)
from the following equation:

Carbohydrate % = 100 - (Moisture + Protein + Ash + Lipid)

Keratin extraction and purification

The 50 g of feather powder was added to a solution of sodium sulfide (0.5 M) at a 30 °C and a pH 10-13.
Continuous stirring using a magnetic stirrer to dissolve the protein, the solution was filtered and centrifuged at
a speed of 10,000 times the ground acceleration for 5 minutes.The protein was precipitated by the gradual
addition of a solution of ammonium sulfate 70% at a ratio of 1:1. The centrifugation was carried out at a speed
of 10000 times the ground acceleration for 5 minutes, the precipitate was collected and the subsequent steps
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were completed. The 100 ml of distilled water was added to the precipitate with continuous stirring using a
magnetic stirrer, then centrifuged at a speed of 10000 times the ground acceleration for 5 minutes and collected
the precipitate, then dissolved again in 100 ml of 2 m sodium hydroxide solution, then centrifuged at a speed of
10000 times the ground acceleration for 5 minutes and collected the filtrate, and the dialysis process was carried
out using a dialysis bag (8000-14000) Dalton, activated before use. The filtrate was placed inside the dialysis
bag for 24 hours, taking into account changing the distilled water every 6 hours and drying the solution to obtain
keratin powder(13).

Study of the chemical composition of keratin
The percentage of moisture, ash, protein, fat and carbohydrates was estimated according to the methods
mentioned above.

Keratin hydrolysates using pepsin enzyme

Keratin was mixed at a ratio of 4:1 with distilled water in 50 ml flasks, using hydrochloric acid (2M) to adjust
the pH to 2. Then, the flasks were placed in a water bath at 85°C for 15 minutes, cooled to 37°C, then pepsin
enzyme 2500 units/mg was added, at a ratio of 1.5 g/100 g of keratin, and the flasks were placed in a shaking
incubator at 37°C. The samples were withdrawn after (24 and 30) hours, and placed directly in a water bath at
85°C for 15 minutes to inhibit the activity of pepsin enzyme, and were dried, and stored until use.

Keratin hydrolysates using chymotrypsin enzyme

Keratin was mixed at a ratio of 4:1 with phosphate buffer solution (8pH) in 50 ml flasks, placed in a water bath
at 85°C for 15 minutes, then cooled to 37°C, and the enzyme was added, at a ratio of 1.5 g/100 g of keratin. The
flasks were placed in a shaking incubator at 37°C, the samples were withdrawn after (24 and 30) hours. Then,
placed in a water bath at 85°C for 15 minutes to inhibit the enzyme activity, then dried and stored until use.

Estimation of the degree of decomposition

The method described by (24) was used to estimate the degree of decomposition, as 2 ml of the decomposed
were mixed with 2 ml of TCA solution at a concentration of 20% (w/v) in 10 ml tubes. The mixture was left for
30 minutes, then a centrifugation process was carried out at a speed of 5000 times the ground acceleration for 30
minutes. The method was used to estimate the percentage of protein in the mixture and the floating fraction, and
the degree of decomposition was calculated according to the following equation:

DH% = (10% TCA soluble nitrogen in the sample)/(Total nitrogen in the sample) X 100

Solubility

The method mentioned by (15) was adopted to estimate the solubility of the decomposers as follows:
Hydrochloric acid solution (0.1M M) and sodium hydroxide solution (0.1M) were used to adjust the pH to (2, 3,
4,5, 6,7, 8 and 9) for the protein decomposer solution prepared by dissolving 200 mg of the decomposer
powder. Each separately with an amount of distilled water, then the volume was completed to 20 ml. The
solutions were mixed for 30 minutes at 150 rpm, then centrifuged at 8000 rpm the ground acceleration for 20
minutes. The supernatant was collected, and the percentage of protein was estimated. The percentage of
solubility was calculated from the following equation:

Solubility % = (protein content in the supernatant)/(total protein content in the sample) X 100

Water holding capacity

Water holding capacity was estimated according to the method described by (20), which dissolving 1 g of the
decomposable powder with 20 ml of distilled water with mixing for 5 minutes, and adjusting the pH to (5, 6, 7)
and leaving it for 15 minutes at room temperature. The centrifugation process was carried out at a speed of
10,000 times the ground acceleration for 10 minutes. Water holding capacity was defined as the weight of water
that absorbs 1 g of protein hydrolysates.

Preparation of alternative medium using protein hydrolysates

Protein hydrolysates of the chymotrypsin enzyme were used after 24 and 30 hours of decomposition time as an
alternative to the nitrogen source in preparing some culture media to grow some Gram-positive and Gram-
negative bacterial species as follows:

Microbial: Bacillus subtilis, Staphylococcus aureus, Salmonella typhi, and Escherichia coli were obtained from
the Biotechnology Laboratory for Postgraduate Studies, College of Agricultural Engineering Sciences.

The culture medium used in the study: Nutrient agar and MacConky agar (commercial medium)and alternative
media were used by replacing the nitrogen source in them with chymotrypsin protein hydrolysates after 24 and
30 hours of degradation time and in the same proportions. All culture media were sterilized by an autoclave, at
121°C and a pressure of 15 pounds/inch? for 15 minutes.
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Bacterial growth on commercial and alternative medium

The poured plate method described by (6) was used to growth different bacterial species. 1 ml of each of the
previously prepared decimal dilutions of different bacterial species was transferred to Petri dishes, and the
commercial Nutrient agar and its alternative medium were poured into the dishes containing Bacillus subilis and
Staphylococcus aureus, mixed well and left to solidify. Then, the dishes were incubated in an incubator at 37 °C
for 48 hours, and the commercial MacConky agar and its alternative medium were poured into the dishes
containing Salmonella typhi and Escherichia coli, mixed well and left to solidify. The dishes were incubated in
an incubator at 37 °C for 48 hours. Colonies were counted using a colony counting device.

RESULTS AND DISCUSSION

Chemical composition of chicken feather powder

The results showed that the chemical composition of chicken feather powder. The percentage of moisture,
protein, ash, fat and carbohydrates reached (4.12, 87.05, 5.12, 1.01 and 2.70)% respectively (Tablel). It is noted
from the results that the percentage of protein. It is mainly represented by keratin is high compared to other
components of feathers, which encourages its exploitation and use as a source of protein and amino acids in
various fields, including its use as an alternative, inexpensive source of nitrogen in the culture media used in the
development of different types of microorganisms

Table 1. Chemical composition of chicken feathers
Chemical composition Percentage (%)

Moisture4.12
Protein87.05
Ash5.12

Fat1.01
Carbohydrate2.70

The reason for the difference in the chemical composition of chicken feathers is due to the diet of chickens (18)
and the difference in chicken species and environmental conditions (28).

Estimation of the degree of keratin degradation using pepsin and chymotrypsin enzymes

The amino acid sequence of solid keratin, to which chicken feather keratin belongs, can be divided into three
regions. It is worth noting that cysteine residues are not distributed equally over the three regions, as there are
eight cysteine residues in the first region from the N-terminal side, which is represented by twenty-three amino
acids and is the region richest in this acid (Table2). However, there is one cysteine residue molecule from the B-
Sheet region and two cysteine residue molecules at the hydroxyl end of the C-terminal, and therefore it is
necessary to isolate peptides rich in cysteine at the amino end using enzymatic, chemical, thermal or physical
methods (25).

Table 2. Degree of enzymatic hydrolysis of keratin using chymotrypsin enzyme
Decomposition times Degree of decomposition%

12 hr.11.7
18 hr.18.6
24 hr.23.4
30 hr.30.0
36 hr.30.1
48 hr.30.2
L.S.D. value5.219 *

* (P<0.05).

Table(2) and (3) illustrate the degree of enzymatic degradation of keratin using pepsin and chymotrypsin
enzymes at different degradation times. It is noted that the chymotrypsin enzyme is superior and obtains the
highest degree of degradation of 30% after 30 hours of degradation time, noting an increase in the degree of
degradation with increasing time and a stable degree of degradation approximately after 30 and 36 hours of the
enzymatic reaction time for pepsin and chymotrypsin, respectively. However, it notes a clear decrease in the
degree of degradation when using pepsin enzyme with an increase in degradation with increasing degradation
time and the highest degree of degradation was obtained 9.3 after 24 hours of degradation time.

Prajapat et al., (21) indicated that the degree of degradation is affected by the type of enzyme used and
environmental conditions such as temperature and acidity, as the optimal pH for the work of pepsin enzyme was
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2 while chymotrypsin was 8. Also, indicated by Wang et al., (31). Lai et al., (16) indicated that enzymes differ
according to their source, degree of purity, method of preservation, activity, and efficiency of the degradation
process.Enzymes are considered biocatalysts that accelerate highly specialized reactions(4).

Table 3. Degree of enzymatic hydrolysis of keratin using pepsin enzyme
Decomposition times Degree of decomposition%
12 hr.4.8

18 hr.6.0

24 hr.9.3

30hr.9.2

36 hr.9.2

48 hr. 9.1

L.S.D. value2.074 *

* (P<0.05).

Solubility

The process of hydrolysis of keratin using different enzymes aims to break peptide bonds and reduce disulfide
bonds to obtain keratin parts with low molecular weights. Thus, it is affecting its various properties, including
solubility (12). The results shows the solubility of keratin hydrolysates using chymotrypsin and pepsin enzymes
at different pH values ranging from (2-9), as it is noted that the lowest solubility was obtained at pH values (3,
4) close to the electrical isoelectric point of keratin and reached (20, 24)% (Table4).

Bragulla and Homberger (9) indicated that its electrical isoelectric point ranges from 5.4 -4.9, while Crisan et al.
(10). The solubility of keratin is affected by different pH numbers, and is usually low at pH numbers ranging
between (2, 4) and solubility increases towards the basic pH. Due to the breakdown of keratin's sulfur bonds in
the basic environment, the difference in the electrical equivalence point may be due to the difference in the
methods used to extract keratin. In addition, to the presence of a mixture of decomposers with different
molecular weights, which is reflected the difference in the electrical equivalence point.

It is noted from the figures that solubility increases when moving away from pH numbers 3 and 4, and the best
solubility was obtained from the neutral pH and in basic solutions, as solubility reached (31, 39, 50, 50.3 and
50.6) at pH numbers (5, 6, 7, 8 and 9) respectively. The decrease in solubility of pepsin enzyme hydrolysates at
different pH levels compared to the solubility of chymotrypsin enzyme hydrolysates (Fig 5), and the highest
solubility was (15.2, 15.3 and 15.5)% at pH levels (7, 8 and 9). It is noted from the results obtained that keratin
hydrolysates after 30 hours of hydrolysis using chymotrypsin and pepsin enzymes have improved solubility
properties compared to keratin that does not dissolve in water. The residues of positive and negative ions
adsorbed on the outer surface of peptides and proteins cause electrostatic repulsion between protein molecules,
which increases the force of repulsion between them and then their diffusion in the aqueous medium(19).

Table 4. Solubility of keratin hydrolysates by chymotrypsin at different pH values
PH No.Solubility%

PH: 230.0

PH: 320.0

PH: 424.0

PH: 531.0

PH: 639.0

PH: 750.0

PH: 850.3

PH: 950.6

L.S.D. value6.751 *
* (P<0.05).
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Table 5. Solubility of keratin hydrolysates by pepsin enzyme at different PH
PH No.Solubility%

PH: 29.0

PH: 34.0

PH: 46.0

PH: 58.0

PH: 610.0

PH: 715.0

PH: 815.0

PH: 915.0

L.S.D. value2.985 *
* (P<0.05).

Water holding capacity

The results show that the water holding capacity of keratin hydrolysate after 30 hours of hydrplysis and at
different pH numbers (5, 6 and 7). It is noted that the highest water holding capacity reached 3.50 g/g at pH 7,
while it reached (1.6 and 2.7) g/g at pH numbers (5 and 6), (Table6)respectively, compared to keratin, which has
no water holding capacity. This range of pH numbers was chosen to measure water holding capacity because it
represents the range for most culture media used in growing microorganisms.

Table 6. Water holding capacity of keratin hydrolysate using chymotrypsin enzyme after 30 hours at pH
numbers (5, 6 and 7).
PH No.water holding capacity%

PH:51.6
PH: 62.7
PH: 735
L.S.D. value0.863 *

* (P<0.05).

(21) found that chicken feather protein hydrolysate has an excellent water holding capacity of 3.35 g/g, and
some studies have indicated that polar groups such as CaOH and NH2 resulting from the enzymatic hydrolysis
of keratin affect the amount of water absorbed(15). Zou et al., (33) indicated that the ability to retain water is
due to the hydrophilic part of the protein.

Uses of enzymatic hydrolysates in the growth of microorganisms

Table 7. Numbers of B. subtilis and S. aureus bacteria on the commercial medium modified using chymotrypsin
Culture MediumNumber of bacteria and cfu/ml x 10°

S.aureus B.Subtilis
Commercial solid nutrient medium 141117
Solid nutrient medium modified
the addition of chicken keratin degrader 100 89

after 24 hours of enzyme hydrolysis

Solid nutrient medium modified with the

addition of chicken keratin degrader after 135110
30 hours of enzyme hydrolysis

L.S.D. valuel17.503 *11.847 *

* (P<0.05).

Table 8. Numbers of E.coli and S.Typhi on commercial solid MacConkey medium modified using a nitrogen
source of chicken feather keratin degraders using chymotrypsin enzyme

Culture MediumNumber of bacteria and cfu/ml x 10°
S.aureus B.Subtilis
Commercial solid nutrient medium 75 54
Solid nutrient medium modified
the addition of chicken keratin degrader 34 14
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after 24 hours of enzyme hydrolysis

Solid nutrient medium modified with the 52 35
addition of chicken keratin degrader after

30 hours of enzyme hydrolysis

L.S.D. value7.956 *6.229 *

* (P<0.05).

Tables (7 and 8) show the numbers of B.Subtilis and S.aureus on the nutrient medium agar and modified by
replacing the nitrogen source with chicken feather keratin decomposer after 24 and 30 hours of hydrolysis using
the enzyme chymotrypsin. It is noted that there is a great similarity in the numbers of bacteria in the alternative
media compared to the commercial medium, as the numbers of B.Subtilis bacteria reached (141, 100 and 135)x
10° cfu/ml and the number of S.aureus bacteria (117, 89 and 110)x 10° cfu/ml in the commercial medium and
alternative media by replacing the nitrogen source with chicken feather keratin degrader after 24 and 30 hours
with the enzyme chymotrypsin, respectively.

However, the number of E.coli and S.typhi on the commercial MacConkey agar and alternative media reached
(75, 34 and 52) and cfu/mlix 10° and (54, 14 and 35) cfu/mlIx 105, respectively. It is noted from the results that
the number increases with the increase in the decomposition time. The reason for this may be attributed to the
fact that by increasing the decomposition time, short peptides with small molecular weights are obtained, which
facilitates their entry into the bacterial cell, in addition to the possibility of the presence of free amino acids that
the microorganism can benefit from directly without the need to expend energy in Synthesis.

Alamnie et al. (5) used chicken feather keratin hydrolyzate by Bacillus bacteria producing catanase enzyme
instead of peptone in the growth medium of B. subtilis, Lactobacillus Paracasi, Saccharomyces cerevisiae and
Kazachstania humilis yeasts and obtained promising results in this field as the numbers reached (7.8, 6.5, 7.3
and 6.9) x 10° cfu/ ml and (6.4, 6.1, 6.8 and 6) x 10° cfu/ ml for chicken feather peptone and commercial
peptone respectively and confirmed that the hydrolyzates supported the growth of the microorganisms under
study.

CONCLUSIONS

The study concludes that chicken feathers contain a high percentage of keratin protein. The possibility of
preparing protein concentrates with high protein content from chicken feather powder. Enzymatic hydrolysates
of keratin have high solubility at neutral and near basic pH numbers with the preference of enzymatic
hydrolysates of chymotrypsin enzyme. The results proved that enzymatic hydrolysates of keratin using
chymotrypsin enzyme are successful alternatives to the nitrogen source in the culture media used in the
development of microorganisms.

REFERENCES

1.  Al-Sahoo, N. A. A.and B.H.Al-badri.2016. AN economic analasis on demand of Iraq imports of chicken
meat for the period (1985-2013). Iraqi Journal of Agricultural Sciences, 47(2).
doi.org/10.36103/ijas.v47i2.604

2. Al-shamary,E.1,Z.T.Seedra and A.A.Sheikh.2023. ).Invesigation of some bacterial species contaminated
with some foods in baghdad regions. IOP Conference Series, Earth and Environmental Science.1252(1), 1-
11. DOI 10.1088/1755-1315/1252/1/012163

3. Al-Hachami, I. S. A.,F.H.N.Al-bahadely &O.K.Jbara.2022. An economic analysis of meat poultry
breeding projects and their profit efficiency in Iraq for the year 2020 (Wasit as a case study). Iragi Journal
of Agricultural Sciences, 53(3), 677-684. https://doi.org/10.36103/ijas.v53i3.1578

4. Ali,H.K.,J.M.Nasser and K.A.Shaker.2022.Extraction,purification and characteriztion of lipase from the
digestive duct of common carp cyprinus carpio L. Iragi Journal of Agricultural Sciences. 53(5):1011 —
1020. doi.org/10.36103/ijas.v53i5.1615

5. Alamnie,G.,A.Melake,Y .Berhanu,M.Alemu,B.Damtew and A.Aemiro .2024. Chicken feather protein
hydrolysate as a low cost peptone source for microbial cultivation: A promising perspective of economic
and environmental advantage. case Studies in Chemical and Environmental Engineering, 9, 100741.
doi.org/10.1016/j.cscee.2024.10074

6. Ahmad,N.S. and E.l.Al-shamary.2019. Antioxidant production from local fungal isolate . The Iragi Journal
of Agriculture Science, 50 (1): 398 — 408 . doi.org/10.36103/ijas.v50i1.306

7. AOAC. Official method of analysis of AOAC international, Vol. 1I, 18th edn; association of official and
analytical chemists international: Virginia, 2010; 39 pp.doi.org/10.1093/jacac/80.6.127A

8. Atilola,0.A.,R.Gyawali,S.0.Aljaloud and S.A.lIbrahim .2015.Use. of phytone peptone to optimize growth
and cell density of Lactobacillus reuteri. Foods, 4(3), 318-327. doi.org/10.3390/foods4030318

https://ijmtim.org 82


https://doi.org/10.36103/ijas.v47i2.604
https://doi.org/10.36103/ijas.v53i3.1578

International Journal of Medical Toxicology & Legal Medicine Volume 27, No. 3, 2024

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Bragulla, H. H.and G.D.Homberger .2009. Structure and functions of keratin proteins in simple, stratified,
keratinized and cornified epithelia. Journal of anatomy, 214(4); 516-559.
doi.org/10.1111/j.14697580.2009.01066

Crisan,C.M.,T.Mocan,M.Manolea,L.l.Lasca,F.A.Tabaran,and L.Mocan .2021. Review on silver
nanoparticles as a novel class of antibacterial solutions. Applied Sciences, 11(3), 1120.
doi.org/10.3390/app11031120

Dijk,D.,and V.G.Houba.2000. Homogeneity and stability of material distributed within the wageningen
evaluating programmes for analytical laboratories commun.Soli.Sci.Plant.Anal, 31 (11-14): 1745-175
doi.org/10.1080/00103620009370534

Dabrowska,M.,A.Sommer,l.Sinkiewicz,A.Taraszkiewicz,and H.Staroszczyk .2022. An optimal designed
experiment for the alkaline hydrolysis of feather keratin. Environmental Science and Pollution Research,
29(16): 24145-24154.doi.org/10.1007/s11356-021-17649-2

Gupta,A.,N.B.Kamarudin,C.Y.G.Kee, and R.B.M.Yunus.2012. Extraction of keratin protein from chicken
feather. Journal of Chemistry and Chemical Engineering, 6(8): 732.

Hamrita,B.,S.B. Hamed,F.,Hafi,M.K Njehi,H.,Majdoub,M.B.,Mhadheb and S.,Achour .2023. Optimization
of a sustainable keratin extraction process from waste slaughterhouse feathers: A practice and business
model innovation. Iran. J. Chem. Chem. Eng. Research Article, 42(10)
doi 10.30492/ijcce.2023.562565.5608

Jain,S.and A.K.Anal.2016. Optimization of extraction of functional protein hydrolysates from chicken egg
shell membrane (ESM) by ultrasonic assisted extraction (UAE) and enzymatic hydrolysis. LWT-Food Sci.
Technol, 69, 295-302 . DOI: 10.1016/j.Iwt.2016.01.057

Lai,Y.,D.Li,T.Liu,C.Wan,Y.Zhang,Y.Zhang, and M.Zheng.2023. Preparation of functional oils rich in
diverse medium and long-chain triacylglycerols based on a broadly applicable solvent-free enzymatic
strategy. Food Research International, 164, 112338. DOI:10.1016/j.foodres.2022.112338
McMillan,E.A.,M.E.,Berrang,Q.D.,Reed,S.,Rasamsetti,A.k.,Richards,N.W.,Shariat&J.G.,Frye.2023.Buffer
ed peptone water formulation does not influence growth of pESI-positive Salmonella enterica serovar
infantis.Journal of Food Protection ,VVolume 86. doi.org/10.1016/j.jfp.2022.10003
Munagala,C.K.,N.Kathula,S.M.Razak,A.K.Kesari,H.Nagar,S.Bojja andV.Aniya.2022. Chicken feather
thermal decomposition analysis and techno-economic assessment for production of value-added products:
a pilot plant study. Biomass Conversion, and Biorefinery, 1-24.doi.org/10.1007/s13399-022-03583-x
Mohammad, M.A andW.A Qasab Bashi.2020. . Effect of partial substitution spirulina instead of soybean
meal in common carp , Cyprinus carpioL. diet on some blood picture and some biochemical criteria. Iraqi
Journal of Agricultural Sciences, 51(6):1740-1746. doi.org/10.36103/ijas.v51i6.1202
Onsaard,E.,P.Pomsamud and P.Audtum.2010.Functional properties of sesame protein concentrates from
sesame meal.

Prajapati,S.,S.Koirala,and A.K.Anal .2021. Bioutilization of chicken feather waste by newly isolated
keratinolytic bacteria and conversion into protein hydrolysates with improved functionalities. Applied
Biochemistry and Biotechnology, 193, 2497-2515.doi.org/10.1007/s12010-021-03554-4
Ramén,M.R.,H.Diaz,D.F.Maldonado,J.V.Delgado,F.J.Navas,and,P.A.Toalombo.2023.Morphological
characterization of the field hen in the province of Orellana.
Rahman,C.F.,R.R.Kumar,S.Chand,A.K.Pattanaik,P.Raypa,A. Tarafdar, and A.Ajay.2024. Keratin-based pet
food produced through proteolytic hydrolysis of chicken feather: Characterisation and palatability study.
Process Biochemistry, 146, 214-224. doi.org/10.1016/j.prochio.2024.07.032
Rahmi,N.,R.Muhamad,A.Asep,and F.Muhamad.2022. Characteristics of fish protein hydrolysate from
mackerel (scomber japonicus) By-Products. Journal of Hunan University (Natural Sciences, 49, 1.
doi.org/10.55463/issn.16742974.49.1.10
Schieder,A.,J.Diener,M.Diekmann,C.Bartsch,F.Dietrich,C.Falcke, and M.Richter.2024. A green process
for the specific decomposition of chicken feather keratin into polythiol building blocks. RSC
Sustainability, 2(1): 197-210. DOI: 10.1039/D3SU00269A

Serag,E.,A.M.A El-Aziz,A.El-Maghraby,and,N.A.Taha.2022.Electrospun non-wovens potential wound
dressing material based on polyacrylonitrile/chicken  feathers keratin  nanofiber.Scientific
Reports,12(1):15460. DOI: 10.1038/s41598-022-19390-3

Staron,P.,M.Banach,Z.Kowalski,and A. Staron.2014. Hydrolysis of keratin materials derived from poultry
industry. Proceedings of ECOpole, 8(2), 443-448. DOI 10.2429/ proc.2014.8(2)050

Tesfaye, T.,B.Sithole,D.Ramjugernath and V.Chunilall.2017. Valorisation of chicken feathers:
characterisation of chemical properties. waste management, 68, 626-635.
doi.org/10.1016/j.wasman.2017.06.050

Thanoon,R.D.,S.Rubaaini,E.A.Makky and M.M.Yusoff.2018.Utilization of extracted protein from fish fin
and chicken feather waste for alkaline protease production by indigenous bacteria.

https://ijmtim.org 83


https://doi.org/10.30492/ijcce.2023.562565.5608

International Journal of Medical Toxicology & Legal Medicine Volume 27, No. 3, 2024

31. Villamil,0.,H.Vaquiro,and.J.F.Solanilla .2017.Fish viscera protein hydrolysates:production,potential
applicaions and functional and biactive properties  food chemistry,224:160-171.
doi.org/10.1016/j.foodchem.2016.12.057

32. Wang, Z. 2023. Biotransformation of Agricultural waste into value-added ingredients using recombinant
enzymes (Doctoral dissertation, Cornell University).

33. Zhang,L.,J.Ren,and W.Bai.2023. A review of poultry waste-to-wealth: technological progress, modeling
and simulation studies, and economic-environmental and social sustainability. Sustainability, 15(7), 5620.
doi.org/10.3390/su15075620

34. Zou,Y.,L.Wang,P.Cai,P.Li,M.Zhang,Z.Sun,and D.Wang.2017. Effect of ultrasound assisted extraction on
the physicochemical and functional properties of collagen from soft-shelled turtle calipash. International
Journal of Biological Macromolecules, 105, 1602-1610. DOI:10.1016/j.ijbiomac.2017.03.011

https://ijmtim.org 84



