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Abstract

Aim: Conventional management techniques for chicken feather waste are either ineffecient or costly; hence, as an alternative, a study was designed to 
examine the degradation capacity of G. arilaitensis on acidic and alkaline pre-treated feathers.

Methodology: Chicken feathers were pre-
treated with 0.1 and 0.2 N HCl and NaOH, 
which  were provided as the only carbon source 
for Glutamicibacter arilaitensis culture. 
Parameters such as growth, protein and amino 
acid content were determined at an interval of 
24 hrs for five days. The impact of pH and 
temperature on the growth of G. arilaitensis 
was investigated and the degree of degradation 
was determined by smear method. The effect of 
temperature and pH on the synthesis of protein 
and amino acid was screened statistically using 
a central composite design.

Results: The pre-treatment category with 0.1 N 
NaOH showed significant degradation and 
evidenced by the disruption of feather 
structure, within two days at 37°C and pH 10.5 
respectively. Maximum protein (1.81±0.03 mg 

-1 -1ml ) and amino acid (1.54±0.3mg ml ) were 
produced in 0.1 N NaOH pre-treated feathers 
substituted medium for two days at 37°C  and 
pH 10.5 and it were found to be statistically 
significant at F values of 15.48 and 12.98 
(P<0.0012 and P<0.0309).

Interpretation: Feathers will decompose 
wonderfully if they are pre-treated with 0.1 N 
NaOH for two days and supplied as a substrate for G. arilaitensis at 37°C  and pH 10.5.
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complete degradation of recalcitrant proteins (Dada and Wakil, 
2022). They are biocatalysts that are applied in different fields 
including medical, cosmetic, detergent, leather and textile 
industries, and in the production of films, foils and glues (Lateef et 
al., 2015). The application of keratinase extends to clear particles 
in sewage systems, waste water processing, biogas production, 
recapturing silver from X-ray films, additives in cosmetics, and 
drug delivery in medicine (Sujata et al., 2022; Namasivayam et 
al., 2022).The recovery of proteins from feather waste 
encourages switching to more eco-friendly animal feed (Haerens 
et al., 2022).Therefore, it is crucial to produce a novel microbial 
product for feather biodegradation that increases bioavailability 
and decreases toxicity to the environment and human beings.

The prevalence of Glutamicibacter sp. can be attributed 
to their adaptability to a variety of dietary conditions and to 
environmental challenges (Santos et al., 2020).  

It is a spherical, smooth, 
keratinolytic, aerobic, alkaliphilic, and salt tolerant bacterium that 
grow well in a slightly alkaline environment. This bacteria is able 
to tolerate up to 10% (w v-1) NaCl and thrives well between 10 
and 37°C (Ji et al., 2020) and may produce enzymes like 
gelatinase, galactosidase, keratinase, pyrazinamidase, 
pyrrolidonyl arylamidase, phosphatase and aglucosidase 
(Brennen et al., 2002). G. arilaitensis has the ability to synthesize 
red pigments in addition to yellow pigmented carotenoids 
(Sutthiwong et al., 2021). G. arilaitensis has been selected for the 
study to degrade keratin substrate as only few reports are 
available on this potent feather degrading bacteria. The purpose 
of the current study was to evaluate the impact of acid and alkali 
pre-treatment of chicken featheron the degradation potential of G. 
arilaitensis. 

 Materials and Methods

Processing of chicken feathers: Chicken feathers were 
collected from a slaughter house located at Anna Nagar, Madurai,  
India. The feathers were cleaned with 1 g of laundry detergent, 
washed well with water for three times and dried under sunlight for 
6 hrs. The dried feathers were cut into small pieces using a fine 
blade and the processed feathers were used for further studies.

Procurement and maintanance of bacterial culture: Pure 
culture of G. arilaitensis (MH063920.1) was procured from the 
microbial repository of the Department of Zoology at Thiagarajar 
College. A loopful of bacterial culture was subcultured in nutrient 
agar slants and incubated at 37°C for 24 hr. After incubation, the 
agar slants were stored at 4°C and used for further study.

Pre-treatment of chicken feathers: The chemicals used for this 
study are represented in table 1.0.1 N and 0.2 N HCl and NaOH 
respectively, were used for the pre-treatment of chicken feathers. 
One gram of processed feather was immersed in 100 ml of 0.1 N 
HCl in a 250 ml glass beaker, covered with aluminiumfoil, and left 
undisturbed. The feathers were treated separately in five different 
beakers for five days. Everyday, feathers from one beaker was 

This bacteria 

belongs to Micrococcacea family. 

Introduction

The Food and Agriculture Organization (FAO) estimated 
the gross poultry production as 137 million tones during 2020 
across the globe, and even during the Covid-19 pandemic 
situation, the consumption of poultry meat in India stood at 4 
million tones (Kasulla and Malik, 2021). The progressive 
accumulation of chicken feather waste in the environment results 
in soil pollution, an increase in illnesses, and the emission of 
nitrous oxide, hydrogen sulphide, and ammonia, which are 
hazardous to the environment and human health (Li, 2019). The 
predominant component of chicken feather is keratin, a cross-
linked protein that is resistant to physio-chemical, biological and 
mechanical processes (Dabrowska et al., 2022) and also 
insoluble in conventional solvents due to the presence of high 
hydrophobic interactions with densely packed disulfide linkages 
(Qiu et al., 2022). Feather waste is commonly disposed of by 
several methods such as incineration, landfilling, and steam 
pressure cooking, which are expensive and diminish protein 
quality (Nisi et al., 2020). Tryptophan, methionine and histidine 
are lost during the acid hydrolysis of keratin, which results in 
significant protein fragmentation (Wei et al., 2017).

Alkaline hydrolysis causes peptide bonds and disulfide 
bridges to break down, yet the end product still has all the original 
amino acids in the protein (Dabrowska et al., 2022). 
Biodegradation is vital for the environment because it paves the 
way to reduce feather waste and recycle nutrients to sustain life. A 
class of advantageous mixed microbial cultures known as 
effective microorganisms (EM) have numerous environmental 
and agricultural applications as biocontrol agent (Namasivayam 
et al., 2023). Bacteria, fungi, actinomycetes, insects, and other 
organisms promote biodegradation process (Pruska et al., 2022). 
Keratinolytic fungi such as Trichoderma, Fusarium, Meiothermus, 
Chrysosporium, Aspergillus, Microsporum, Nocardiopsis, 
Candida albicans, Aphanoascus and Trichophyton have better 
keratinolytic property and few researches have been carried out 
to explore their keratinolytic potential (Li, 2019). 

Reports on the bioremediation of different harmful 
contaminants linked to diverse environmental sources 
demonstrated the special role of beneficial bacteria in maintaining 
the human health (Namasivayam et al., 2023). Soil bacteria are 
essential for maintaining bio-geochemical cycles in addition to 
maintaining a healthier ecosystem and increasing soil fertility. 
Enzymes produced by soil bacteria are more stable than 
chemical catalysts and resistant to thermoalkali treatment (Aarti 
et al., 2020). Some bacterial enzymes have the capacity to disrupt 
pathogenic fungal cell wall and used as biocontrol agent instead 
of using commercial pesticides (Narendrakumar et al., 2021). The 
development of microbiological methods could be an attractive 
and cheaper method to solubilize feather waste into valuable 
products (Lateef et al., 2015), and the nature of feather 
hydrolysate depends upon temperature, pH, and reaction time 
(Dabrowska et al., 2022). Keratinases are a group of proteases 
that are active at a wide temperature and pH range and permit the 
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feather substituted medium were maintained for each category.

Statistical analysis: Each experiment was carried out in 
triplicate and SPSS software version 20 was used to compute 

ANOVA and the results are interpreted at p≤ 0.05 level 
significance. Central Composite Design (CCD) in Design Expert 
Stat Ease software version 13 was used for optimization 
experimental studies (Elleboudy et al., 2023).This software is 
used for statistically test the impact of two variables, such as 
temperature and pH, on the synthesis of proteins and amino 

acids. Each independent value (- , -1, 0, +1, +α) was analyzed 
with two responses, i.e., protein and amino acid production. The 
experimental data was examined through ANOVA and multiple 
regression analysis for 2 variables with 5 central points in 13 runs. 
All the experiments were perfomed in triplicate.

 Results and Discussion

Chicken feathers are naturally resistant to disruption by 
ordinary microbial proteases; hence, several million tonnes of 
feathers dumped into the environment by the poultry industry 
result in both protein loss and severe environmental 
contamination (Sypka et al., 2021). The mechanical, physical and 
chemical methods of feather hydrolysis require high energy and 
currency (Bhari et al., 2018), nevertheless, due to its high keratin 
and amino acid content, it could possibly be used as a sustainable 
resource for manufacturing fertilizers (Wei et al., 2017). 
Keratinases are a group of metalloprotease enzymes produced 
by certain bacteria and fungi that are capable of attacking the 
disulfide bond of keratin and degrading it faster (Jin et al., 2017).

G. arilaitensis, a Gram positive rod shaped bacterium 
with potent feather degrading ability was selected for the study. 
Positive results were obtained for starch, casein hydrolysis and 
catalase test and negative results were obtained for methyl red, 
voges-proskauer, urease, indole, oxidase and mannitol salt agar 
test (Amuthavalli and Ravi, 2023). Pre-treatment of feather may 
increase its ability to be digested and speed up the dissolution of 
peptide bonds (Forgacs et al., 2013). In the present study, both 
HCl and NaOH pre-treated feathers facilitated the growth of G. 
arilaitensis (Fig. 1). However, four days of pre-treatment with 0.1N 
NaOH yielded comparatively better growth of bacteria (0.83±0.3) 
than other treated categories. The F-value was found to be 2.99 
with P<0.017 for bacterial growth with different time period that 
proved its statistical significance. Pre-treatment of feather with 
acid or alkali disrupts and disintegrates the feather structure, 
exposing the cleaving sites for microbes to degrade it (Wei et al., 
2017). Cheong et al. (2018) reported that 0.005 M NaOH 
treatment for 10 min increased the feather degradation efficiency 
by savinase hydrolysis, and they recovered 70% protein. One of 
the benefits of acid hydrolysis is that it can preserve the optical 
activity of amino acids (Wei et al., 2017). 

Alkaline solution may trigger the feather protein to break 
and it increases solubility as well as decreases the molecular 
weight of proteins and polypeptides (Fitriyanto et al., 2022). When 

α

removed, washed, dried and weighed. The same method was 
followed for 0.2 N HCl, 0.1 N and 0.2 N NaOH treatments, 
respectively. 

-1Inoculum preparation: Feather meal broth (0.05 g l  NaCl; 
0.01g l  K HPO ; 0.02 g l  MgSO ; 0.01g l (NH ) SO ; 10 g l  2 4 4 4 2 4

pretreated feather; 0.03 g l  KH PO  and the pH adjusted to 7.5) 2 4

was prepared separately with the pre-treated feathers obtained 
above and sterilized. A loopful of G. arilaitensis was inoculated 
onto each of the sterilized media and cultured for five days in a 
shaker incubator at 37°C. The growth of bacteria in each 
experimental category was measured at a 24-hour interval 
following the optical density (OD) method to check the viability of 
inoculums (Fitriyanto et al., 2022). The protein and amino acid 
content present in the culture soup was estimated by Bradford 
method (Bradford et al., 1976) and Ninhydrin method (Yemm et 
al., 1954), respectively, for every 24-hour interval.

Keratinase assay: Keratinase activity was determined as per the 
method of Sharma et al. (2022) with slight modifications. A 0.01 g 
keratin azure powder was suspended in 2 ml of 0.1M Tris-HCl 
buffer (pH 8). One ml of culture supernatant was diluted five times 
with water. 1.5 ml of keratin azure in Tris-HCl buffer was added to 
the supernatant and incubated at 37°C for 1 hr. Thereafter, the 
reaction was stopped with 1ml of 10% TCA, and incubated at 4°C 
for 30 min. The mixture was centrifuged at 2000 g for 10 min to 
remove the substrate and the optical density of the supernatant 
was read at 280 nm. Similarly, a control reaction was carried out 
without enzyme. The amount of enzyme released per minute 
under particular conditions was utilized to express one unit (U) of 
keratinase activity, and the following equations were 
employed:

Enzyme Units per ml= Optical Density x 4x dilution rate 
/0.01 x T (where T = incubation time, 4= total volume used).

Microscopical observation of feather degradation: A loopful 
of culture soup was placed on a clean glass slide, and a thin 
smear was prepared for every 24, 48, 72, 96 and 120 hrs, in all the 
experimental categories. The smears were air dried and 
examined under a binocular digital compound microscope 
(Labomad 205) at the highest magnification of 100 X and the 
changes in the architecture, shape of the feather were observed 
and photographed. The length of the feather fragment was 
measured before and after degradation by using Image J 
software.

Optimization of pH and temperature using response surface 
methodology: Based on the results obtained from the above 
experiments, the better category was selected and subjected to 
pH and temperature optimization. G. arilaitensis was exposed to 
various pH (9.5, 10.0, 10.5, 11.0 and 11.5) as well as temperature 
(33°C, 35°C, 37°C, 39°C and 41°C), and the bacterial growth, 
amount of protein and amino acid production were determined at a 
24-hr interval for 5 days. All the experiments were performed in 
triplicates and separate controls without bacterial inoculums in the 

-1 -1 -1 -1

-1
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the keratinous fibre is exposed to an alkaline solution, the keratin 
chain is broken and its structure is disturbed or altered due to the 
breakdown of cysteine, which generates thioether linkage. The 
amount of cysteine reduces quickly when compared to the 
reduction process because it is specifically sensitive to alkali and 
rapidly decomposes in their presence and the hydrolyzed keratin 
remains intact during the degradation process (Khumalo et al., 
2019). Lee et al. (2016) examined different microwave alkali 
treatments of feathers with various power levels and time periods 
and found that 0.5 M NaOH treatment of feather with 800W within 
10 min was efficient to solubilize feather in a better way than other 

-1treatments which produced 26.74 mg ml  protein, 24.72 mM thiol 
-1and 69.4 mg g  amino acid, respectively. The amount of protein 

and aminoacid produced during the degradation process by G. 
arilaitensis is depicted in Fig. 2 and 3. The amount of protein 

-1(1.81±0.03mg ml ) was higher at 72 hr of incubation in the 0.1N 
NaOH pre-treatment (2 days) category. The total protein and total 
amino acid was measured for the control feather substituted 

-1medium and it was found to be 0.12±0.01 and 0.09±0.04 mg ml . 
Statistically significant F-value of 3.08 and 2.35 with P<0.015 and 

P≤ 0.05 for protein and amino acid production, respectively, in 
0.1N NaOH pre-treatment for 2 days category was observed. 

-1Similarly, the amino acid production (1.54±0.3mg ml ) was also 
higher in this category. In contrast, Souti et al. (2018) found that 
prolonged NaOH treatment of feathers increased feather 
solubilization but decreased protein yield. They also suggested 
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Fig. 1: Growth of G. arilaitensis (a) HCl treated feather substituted medium and (b) NaOH treated feather substituted medium.
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bacteria, from the soil, in which Aeromicrobium sp. exhibited a 
high biodegradation potential than other bacterial cultures. 
Duraisamy et al. (2020) isolated G. nicotianae from soil that was 
used as an agent for the biodegradation of phenol and its 
derivatives; nevertheless, reports are scarce on the keratinolytic 
ability of G. arilaitensis. The results of the present study revealed 
that G. arilaitensis degraded NaOH-pretreated feathers more 
effectively than those treated with HCl, which proves that the 
bacterium was alkaliphilic in nature (Kowalczyk et al., 2017). 
Among the NaOH treatments, 2 days of 0.1 N NaOH treated 
feathers produced better degradation at 120 hrs incubation, 
which was revealed from the smears observed under the 
microscope, and the microscopic images of the degraded 

that the addition of NaOH followed by autoclaving is suitable for 
better degradation and protein recovery. Alam et al. (2019) 
reported that alkali enzymatic treatment (10% NaOH and KOH) of 
feathers by reflux condensation yielded a huge amount of crude 
protein (76.20%). Said et al. (2019) evaluated different methods 
for hydrolyzing chicken feather and found that 1 M NaOH 
treatment yielded better results than acid treatment and it has 
been recommended for the chemical hydrolysis of feathers. In the 
present study, G. arilaitensis potentially degraded pre-treated 
feather in a significant way. Barman et al. (2017) reported a similar 
Arthrobacter sp. NFH5 isolated from the soil that has the ability to 
produce keratinase, which might be used for dehairing and to 
degrade feathers. Godbole et al. (2017) isolated five keratinolytic 
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Fig. 2: Total protein released by G. arilaitensis (a) HCl treated feather substituted medium and (b) NaOH treated feather substituted medium
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feathers are depicted in Fig. 4. Barbs and feather rachea were 
broken up into smaller pieces after 120 hrs. 

As a result, the architecture of the feather pieces as well 
as the position of the barbs and rachis were greatly altered in 120 
hrs. Sekar et al. (2016) used keratinolytic Bacillus subtilis to 
degrade the chicken feathers; the degradation was clearly 
obvious from the morphological changes of the feather. It has 
been evident from the present study that G. arilaitensis has the 
ability to degrade pre-treated feathers in a better way and in a 
shorter period of time. Aarti et al. (2018) reported that G. 
arilaitensis has the ability to produce amylase even at 4°C 

utilising alkali treated lignocellulosic waste as substrate and this 
result showed that this bacterium has the potential to degrade 
alkali treated keratin substrate also by producing protease 
enzyme. The keratinolytic activity of G. arilaitensis was higher 
(569 U/ml) during 120 hours of incubation in 0.1 N NaOH pre-
treated feather substituted medium (Table 2). Keratinase 
production from G. arilaitensis has been proved that the 
bacterium has higher keratinolytic ability to degrade large 
biomass. Bhari et al. (2021) reported highest keratinase yield 

-1(318.38 U ml ) from feather degradation by Bacillus aerius 
NSMK2. Patil et al. (2021) also observed maximum keratinase 
production (150 U ml ) in 5% inoculums size of B. licheniformis -1
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Fig. 3: Total amino acid released by G. arilaitensis (a) HCl treated feather substituted medium and (b) NaOH treated feather substituted medium.
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introduced in the feather substituted medium. In the optimization 
-1studies, maximum protein (1.81mg ml ) and amino acids (1.54 

mg ml ) were produced at pH 10.5 at 37°C after 72 hrs of 
incubation in 0.1 N NaOH pre-treated feather. Amuthavalli and 
Ravi (2023) reported that growth of G. arilaitensis and protein 
production was higher at alkaline pH 8 and 40°C. When the 
bacterium utilize the substrates for its growth, the pH of the 
medium changes from neutral to alkali (Jeevanalakshmi et al., 
2013). The composition of the medium and substrates are not the 
only factors that are impacted by pH variations; enzyme transport 
to the substrate is also affected, which inhibits growth and 
enzyme production, and one of the key signs of keratin 

-1

breakdown is a shift in pH (Godheja and Shekhar, 2015). 
Changes in the pH of media, protein, and biomass are the 
indicators that have to be taken in account to understand the 
degradation capacity.InResponse Surface Methodology (RSM), 
a total of 13 experiments with various combinations of two 
variables (temperature and pH) were performed for protein and 
amino acid production as responses. The multiple regression 
analysis obtained for both responses resulted in the following 
equation:

Total Protein = +1.75 +0.0118A +0.0006B +0.0317AB-
0.0079A2 +0.0028B2 
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(a) Initial (24 hr)                                                                                                        (b) Final (120 hr)

Fig. 4: Microscopic observation of 0.1 N NaOH treated feathers degraded by G. arilaitensis.

Fig. 5: Optimization of G. arilaitensis using RSM (a) Total protein response and (b) Total amino acid response
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Total Amino acid = +1.36 -0.0004A +0.0354B +0.0084AB 
-0.0061A2 +0.0853B2 

where A and B represent temperature and pH, 
respectively. The predicted optimum temperature and pH were 
38.25 °C and 11.12, with an optimum protein (1.8 mg ml ) and 

-1amino acid production (1.5 mg ml ). The F values for protein and 
amino acid production was found to be 15.48 and 12.98, 
respectively, with statistical significance (P<0.0012 and 

2P<0.0309). The R  value was higher for protein production 
(0.9170) than amino acid production (0.6742), indicating a better 
correlation with predicted and experimental data. The model has 
an “adequate precision” value of 11.4942 for protein and 4.6118 
for amino acid production, and it is an authentic report. The value 

2of the determination coefficient (R =0.964) was analyzed and it 
was statistically significant using the central composite design in 
RSM (Fig. 5 and Table 1). Sharma et al. (2022) reported that B. 
velezensis degraded feather efficiently (90.7%) and optimal 

-1keratinase activity was found to be 102.9 U ml . Gafar et al. 
(2020) designed optimization experiments using RSM in the 
Plackett-Burman and CCD methods. The parameters such as 
temperature, pH, inoculum and feather concentration were 
analyzed for Bacillus sp. The optimum keratinase activity for 

-1Bacillus sp was found to be 60.55 U ml  during 31.66°C, pH 6.87, 
5.01 inoculum and 4.53 feather substituted medium. The results 
of the present investigation indicate that the keratinolytic 
bacterium G. arilaitensis destroyed the HCl and NaOH-treated 
feathers very efficiently, with the highest degradation being seen 
in the two day 0.1N NaOH-pre-treatment category after a period 
at 72 hours at pH 10.5 and 37°C , respectively. Acidic and alkali 
pre-treatment of feather facilitates the degradation of chicken 
feather completely by G. arilaitensis under optimal conditions. 
Hence, this bacterium could be explored further to degrade large 
quantity of keratinous biomass in the industrial arena. 

Acknowledgment

The authors are thankful to the authorities of Thiagarajar 
College, Madurai, Tamil Nadu for the institutional facilities.

-1

Authors’ contribution: M. Chellapackialakshmi: Carried out 
entire research work and drafted the manuscript; A. 
Packialakshmi: Sample collection and processing data; C. Ravi: 
Formulated the research work and evaluated the manuscript. 

Funding: Not applicable.

Research content: The research content of manuscript is 
original and has not been published elsewhere. 

Ethical approval: Not applicable.

Conflict of interest: The authors declare that is there is no 
conflict of interest. 

Data availability: Data will be available from the corresponding 
author on reasonable request.

Consent to publish: All authors agree to publish the paper in 
Journal of Environmental Biology. 

References

Aarti, C., A. Khusro. and P. Agastian: Carboxymethyl cellulose production 
optimization from Glutamicibacter arilaitensis strain ALA4 and its 
application in lignocellulosic waste biomass saccharification. 
Prep. Biochem. Biotechnol., 48, 1-14 (2018).

Aarti, C., A. Khusro, P. Agastian, N.M. Darwish and D.A. AI. Farraj: 
Molecular diversity and hydrolytic enzymes production abilities of 
soil bacteria. Saudi J. Biol. Sci., 27, 3235-3248 (2020).

Alam, M.N.E., N. Akhter, S. Chakma, K. Fatema, A.K. Azad, M.J. 
Chowdhury and M.A.S Mia: Alkali enzymatic extraction of keratin 
protein from chicken feather waste in Bangaladesh. Iran. J. 
Energy. Environ., 10, 235-241 (2019).

Amuthavalli, T. and C. Ravi: Isolation, characterization and optimization 
of keratinolytic bacteria from chicken feather dumping site. J. App. 
Biol. Biotechnol., 11, 144-152 (2023).

Barman, N.C., F.T. Zohora, K.C Das, M.G Mowla, N.A Banu, M. 
Salimullah and A. Hashem: Production, partial optimization and 
characterization of keratinase enzyme by Arthrobacter sp. NFH5 
isolated from soil samples. AMB Express., 7, 181 pages (2017). 

168 Journal of Environmental Biology, March 2024

Table 1: Optimization study results using RSM

Protein Production Amino acid production

ANOVA results F value P value Remarks F value P value Remarks

Model 15.48 0.0012 significant 12.98 0.0309 significant
A-Temperature 2.30 0.0035 significant 1.04 0.0439 significant
B-pH 5.58 0.0116 significant 3.28 0.0131 significant
AB 44.31 0.0003 significant 5.909 0.0372 significant

Values

R2 0.9170 0.6742
Adjusted R2 0.8578 0.4414
Adequate precision 11.4942 4.6118



O
n
l
i
n
e
 
C
o
p
y

Bhari, R., M. Kaur, R.S. Singh, A. Pandey and C. Larroche: 
Bioconversion of chicken feathers by Bacillus aerius NSMK2: A 
potential approach in poultry waste management. Bioresour. 
Technol., 3, 224-230 (2018).

Bhari, R., M. Kaur. and R.S Singh: Optimisation and validation of 
keratinase production by Bacillus aerius NSMK2 in a stirred tank 
reactor using response surface methodology. SN Appl. Sci., 3, 641 
(2021).

Bradford, M.M.: A rapid and sensitive method for the quantification of 
microgram quantities of protein utilizing the principle of protein dye 
binding.Anal. Biochem., 72, 248-254 (1976). 

Brennen, N. M.,  A.C. Ward and T. P. Beresfor: Biodiversity of the 
bacterial flora on the surface of a smear cheese. Appl. Environ. 
Microbiol., 68, 820–830 (2002)

Cheong, C.W., Y.S. Lee, S.A. Ahmad, P.T Ooi and L.Y. Phang: Chicken 
feather valorization by thermal alkaline pretreatment followed by 
enzymatic hydrolysis for protein rich hydrolysate production. 
Waste Manag., 79, 658-666 (2018). 

Dabrowska, M., A. Sommer, I. Sinkiewicz, A. Taraszkiewicz and H. 
Staroszczyk: An optimal designed experiment for the alkaline 
hydrolysis of feather keratin. Environ. Sci. Pollut. Res., 29, 24145-
24154 (2022). 

Dada, M.T. and S.M. Wakil: Stain removal potential of keratinase 
produced by Bacillus sp isolated from feather waste. GSC Adv. 
Res. Rev., 11, 013-019 (2022).

Duraisamy, P., J. Sekar, A.D. Arunkumar and P.V. Ramalingam: Kinetics 
of phenol biodegradation by heavy metal tolerant rhizobacteria 
Glutamicibacter nicotianae MSSRFPD35 from distillery effulent 
contaminated soils. Front. Microbiol., 11, 1-14 (2020). 

Elleboudy, N.S., Y.A. Trabik. and M.M. Aboulwafa: Optimisation of 
feather degradation by Bacillus thuringiensis isolate using 
response surface methodology and investigation of feather protein 
hydrolysate structure. Biotechnol. Appl. Biochem., 70, 1258-1269 
(2023).

Fitriyanto, N.A., Y. Ramadhanthi, Rismiyati, I. Rusayadi, A. 
Pertiwiningrum, R.A. Prasetyo and Y. Erwanto: Production of 
poultry feather hydrolysate using HCl and NaOH as a growth 
medium substrate for indigenous strains. IOP Conf Series: Earth. 
Environ. Sci., 951, 012064 (2022).

Forgacs, G., M. Lundin, M.J. Taherzadeh and I.S. Horvath: Pretreatment 
of chicken waste for improved biogas production. Appl. Biochem. 
Biotechnol., 169, 2016-2028 (2013).

Gafar, A.A., M.E. Khayat, S.A. Ahmed, N.A. Yasid and M.Y. Shukor: 
Response surface methodology for optimization of keratinase 
production in culture medium containing feathers by Bacillus sp. 
UPM-AAG1. Catalysts, 10, 848 pages (2020).

Godbole, S., J. Pattan, S. Gaikwad and T. Jha: Isolation, identification 
and characterization of keratin degrading microorganisms from 
poultry soil and their feather degradation potential. Int. J. Environ. 
Agric. Biotech., 2, 2060-2068 (2017). 

Godheja, J. and S.K. Shekhar: Biodegradation of keatin from chicken 
feathers by fungal species as a means of sustainable 
development. J. Bioremediat. Biodegrade., 5,1-5 (2015).

Haerens, K., N.J.F.D. Baerdemaeker, J.D. Wispelaere, N. Raes and T.V. 
Elst: Optimalisation of odour treatment of a feather processing 
plant using activated carbon. Chem. Eng. Trans., 95, 19-24 (2022).

Jeevanalakshmi, P., C.M.K. Chitturi and V.V. Lakshmi: Efficient 
degradation of feather by keratinase producing Bacillus sp. Int. J. 
Micobiol., 2013, 608321 (2013).

Ji, J., D. Yuan, C. Jin, G. Wang, X. Li and C. Guan: Enhancement of 
growth and salt tolerance of rice seedlings (Oryza sativa L.) by 
regulating ethylene production with a novel halotolerant PGPR 

strain Glutamicibacter sp. YD01 containing ACC deaminase 
activity. Acta. Physiol. Plant., 42, 1-17 (2020).

Jin,H.S., S.Y. Park, K. Kim, Y.J. Lee, G.W. Nam, N.J. Kang and D.W. Lee. 
Development of a keratinase activity assay using recombinant 
chicken feather keratin substrates. PLoS ONE, 12, e0172712 
(2017).

Kasulla, S. and S.J. Mallik. Enzymatic pretreatment of chicken feather 
waste to generate biogas. Int. J. Trend. Sci. Res. Dev., 5, 510-514 
(2021).

Khumalo, M., T. Tesfaye, B. Sithole and D. Ramjugernath: Possible 
benefication of waste chicken feathers via conversion into 
biomedical applications. Int. J. Chem. Sci., 17, 1-20 (2019).

Kowalczyk, P., S.M. Oraibi, A. Misiewicz, N. Gabzdyl, A. Miskiewicz and 
G. Szparecki: Feather degrading bacteria: Their biochemical and 
genetic characteristics. Arab. J. Sci. Eng., 43, 33-41 (2018).

Lateef, A., I.A. Adelere and E.B.G. Kana: Bacillus safensis LAU13: A new 
source of keratinase and its multi-functional biocatalytic 
applications. Biotechnol. Biotechnol. Equip., 29, 54-63 (2015).

Lee, Y.S., L.Y. Phang, S.A. Ahmad and P.T. Ooi: Microwave alkali 
treatment of chicken feathers for protein hydrolysate production. 
Waste Biom. Valor., 7, 1147–1157 (2016).

Li, Q.: Progress in microbial degradation of feather waste. Front. 
Microbiol., 10, 1-15 (2019).

Narendrakumar, G., Namasivayam, S.K.R. and M.S. Saravanan: 
Depiction of chitinase extracted from Serratia marcescens SU05 
on Agriculturally important fungi. Res. J. Pharm. Tech., 14, 2412-
2416 (2021).

Namasivayam, S.K.R., S. Kumar, K. Samrat and R.S.A. Bharani: 
Noteworthy biocompatibility of effective microorganisms (EM) like 
microbial beneficial culture formulation with metal and metal oxide 
nanoparticles. Environ. Res., 231, 116150 (2023).

Namasivayam, S.K.R., K.G.P. Avinash, S.K. Krishnappa and P. 
Krishnaveni: Antinociceptive activity of marine derived chitosan 
coated triphala extract against formalin-induced zebrafish pain 
model. J. Environ. Biol., 44, 64-72 (2023).

Namasivayam, S.K.R., M. Lavanya, Sreesha and D. Shyamsundar: 
Ecotoxic effect of agriculture and environmental important 
bioinoculant effective microorganism (EM) derivedmetabolites on 
microbial agro active agents. Environ. Qua. Manage., 33, 1–12 
(2023).

Nisi, M.V., P. Lahtinen, E. Nuutinen, T. Kaljunen and T. Pohler: Films from 
an aqueous suspension of alkaline pretreated and fine milled 
chicken feathers. Mater. Sci. Appl., 11, 27-43 (2020).

Patil, A.M., J.P. Mahashabde., L.P. Shirsath, T.A. Shinde and S.P. Patil: 
Keratinase enzyme production by Bacillus licheniformis KP9 
isolated from chicken feathers. J. Sci. Res., 65, 24-28 (2021).

Pruska, J.J., K.W. Tosik,T. Mik, E. Wesolowska, T. Kowalewski, M. 
Palczynska, D. Walisiak and M. Szalczynska: Biodegradable with 
non wovens with poultry feather addition as a method for recycling 
and waste management. Polymers, 14, 2370 (2022).

Qiu, J., K. Barret, C. Wilkens and A.S. Meyer: Bioinformatics based 
discovery of new keratinases in protease family M36. N 
Biotechnol., 68,19-27 (2022).

Said, M.i., F.N. Yuliati and M. Sukma: The effects of acidic and alkaline 
hydrolysis process on some physical and chemical properties of 
broiler chicken feathers. Iran. J. Appl. Anim. Sci., 9, 529-540 
(2019). 

Santos, R.G., R. Hurtado, L.G.R. Gomes, R. Profeta, C. Rifici, A.R. Attili, 
S.J. Spier, G. Mazzullo, F.M. Rodrigues, A.C.P. Gomide, B. Brenig, 
A.G. Garcia, V. Cuteri, T.L.P. Castro, P. Ghosh, N. Seyffert and V. 
Azevedo: Complete genome analysis of Glutamicibacter 
creatinolyticus from mare abscess and comparative genomics 

169 Journal of Environmental Biology, March 2024

M. Chellapackialakshmi et al.: Microbial degradation of pre-treated chicken feather



O
n
l
i
n
e
 
C
o
p
y

provide insight of diversity and adaptation for glutamicibacter. 
Gene,741, 144566 (2020). 

Sekar, V., M. Kannan, R. Ganesan, B. Dheeba, N. Sivakumar and K. 
Kannan: Isolation and screening of keratinolytic bacteria from 
feather dumping soil in and around Cuddalore and Villupuram, 
Tamil Nadu. Proc. Natl. Acad. Sci. India Sect. B Biol. Sci., 86, 567-
575 (2016). 

Sharma, I., K. Pranaw, H. Soni, H.K. Rawat and N. Kongo: Parametrically 
optimized feather degradation by Bacillus velezensis NCIM 5802 
and delineation of keratin hydrolysis by multi-scale analysis for 
poultry waste management. Sci. Rep., 12, 17118 (2022).

Souti, A.A., W. Gallardo, M. Clareboudt and O. Mahgoub.Effects of 
autoclaving, addition of sodium hydroxide and their combination 
on protein content and invitro digestibility of chicken feathers.Int. J. 
Poult. Sci., 17, 356-361 (2018).

Sujata, S., R. Vandana, S. Dattu, M. Ravi, R. Krishna, S. Narmada, N. 

Roopa and D. Shajji: Purification and characterization of 
keratinase from A. aneurinilyticus isolated from xerophytic plant 
Opuntia Ficus-Indica. Biosc. Biotech. Res. Comm., 15, 399-406 
(2022). 

Sutthiwong, N., P. Sukdee, S. Lekhavat and L. Dufosse: Identification of 
red pigments produced by cheese ripening bacterial strains of 
Glutamicibacter arilaitensis using HPLC. Dairy, 2, 396- 409 
(2021).

Sypka, M., I. Jodlowska and A.M. Bialkowska: Keratinases as versatile 
enzymatic tools for sustainable development. Biomolecules, 11,1-
30 (2021).

Wei, C. C., S. A. Ahmad, P. T. Ooi and L. Y. Phang: Treatment of chicken 
feather waste. Pertanika J. Sch. Res. Rev., 3, 32-41 (2017).

Yemm, E., E.C. Cocking and R.E. Ricketts: The determination of 
aminoacids with ninhydrin. Analyst, 80, 209-214 (1954). 

170 Journal of Environmental Biology, March 2024

M. Chellapackialakshmi et al.: Microbial degradation of pre-treated chicken feather


	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50

