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ABSTRACT

Poultry feather waste contribute a major challenge 
in the urban solid waste management across the 
globe. Feather is composed of 90 % keratin which 
is recalcitrant in nature for biodegradation. Howev-
er, keratinolytic bacteria are found to have feather 
degradation potential. As feather is rich in protein, 
a suitable biodegradation process will be useful in 
the fields of agriculture and allied industries. The 
current practice of feather meal production is of 
low industrial viability due to the use of alkali and 
thermal processes. On the other hand, fermentation 
based feather degradation has more industrial viability 
as they are cheap and involve ecologically guarded 

process. Hence the present study focused on exploring 
potential bacterial isolates for degradation of poultry 
feather. Bacteria were isolated from feather dumping 
pit of different poultry farms around Bengaluru and 
screened for feather degradation potential. The iso-
lates were identified using 16S rRNA gene sequencing 
and BLAST analysis. Best three isolates viz. Pseu-
domonas KDB2, Klebsiella KDB6 and Klebsiella 
KDB16 were used individually and in combination 
for feather degradation. The experimental results 
showed that, on 10th  day of the incubation, maxi-
mum keratinolytic activity (68.39 U/ml) and degree 
of degradation (70%) was observed in the treatment 
received with all three best isolates in combination 
compared to other treatments. As there are diverse 
group of bacterial species involved in the feather 
degradation process, the isolates that we report here 
could also be of potential use in specific industrial 
and agricultural applications.

Keywords   Screening, Bacterial consortia, Poultry 
feather,  Degradation.

INTRODUCTION

Poultry feather waste is one of the critical problems 
as part of urban solid waste management across the 
globe. Annually 24 billion chickens were killed across 
the world which is discarding 8 to 8.5 billion tons of 
poultry feather, of which India’s contribution alone 
is 350 million tonnes (Gupta et al. 2011).  Feather 
waste generated from poultry farms, poultry process-
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ing industries, leather industry and slaughter houses, 
are generally considered as waste. These waste acts 
as habitats for sustaining many pathogenic microor-
ganisms and emits various pollutants like ammonia, 
nitrous oxide, hydrogen sulphide (Tamreihao et al. 
2019). Feather contains a significant quantity of 
protein which is less utilized and can be utilized in 
various agriculture and industrial process, it approx-
imately contains 15% N, so that it can be used in ag-
ricultural field as nitrogenous fertilizer and a potential 
Biofertilizer (Joardar and Rahman 2018). Over the 
last 30 years, research has been conducted to improve 
the agronomic utilization of animal wastes, including 
poultry wastes, via composting. The nutrients are also 
biologically and chemically stabilized to more stable 
organic forms before application to agricultural soils 
(Tiquia and Tam  2002). These changes could help 
to degrade and convert waste feathers into a useful 
resource (compost), which improves soil fertility,  in 
industries it is mainly used to produce feather meal, 
hence  attention should be given for recycling or uti-
lizing the poultry waste in a scientific way.    Poultry 
feather is composed of about 90 % keratin, (Lange 
et al.  2016) which is an insoluble structural protein, 
with tightly packed β-sheet polypeptide chain and 
extensively cross-linked with di-sulphide bonds, 
hydrogen bonds and hydrophobic interactions (Riffel 
et al.  2003). Due to the recalcitrant nature of keratin 
(Godheja et al. 2015), which is resistant to common 
proteolytic enzymes such as trypsin, pepsin and pa-
pain, specific keratinases produced by keratinolytic 
bacteria are found to be effective (Ningthoujam et 
al. 2018).  As the current practice of feather meal 
production using alkali hydrolysis and thermal 
treatment is of low-nutritive-value and high energy 
demanding, fermentation based keratin production 
has more industrial viability as they are cheap and 
involve ecologically guarded process (Sahoo et al. 
2017). Therefore, in fermentation technology, ker-
atinase producing microorganisms have prominent 
applications in tanneries, sewage treatment, food, ag-
riculture, textiles, medicine and cosmetics industries 
(Jeevana Lakshmi et al. 2013, Joardar and Rahman 
2018, Tiquia and Tam 2002, Verma et al. 2017). 
Hence, as there should be a continuous exploration 
of novel microorganisms and study their potentials 
under different environmental situations, this work 
was aimed to explore kerationolytic bacterial isolates 

to degrade poultry feather.

MATERIALS  AND  METHODS

The experiment was conducted in the Department of 
Agricultural Microbiology and Plant Biotechnology, 
University of Agricultural Sciences, GKVK, Ban-
galore  560065, India during the year 2019 to 2020. 

Isolation of bacteria

For the isolation of feather degrading bacteria, soil 
samples at 8-10 cm depth were collected from feather 
dumping pit of different poultry farms around Benga-
luru. Ten gram of soil samples was homogenized in 
90 ml of sterile saline and serially diluted up to 10-
6.  The diluted suspension (0.1ml) of dilutions 10-4 
onwards were inoculated (spread plate method) on 
tryptic soya agar (TSA) and incubated at 37± 2°C for 
24 hr (de  Oliveira et al. 2016).  Pure culture technique 
was followed for colony selection and preservation.

Primary screening for protease activity

The isolated bacteria were screened for protease activ-
ity in skim milk agar (SMA) at 30ᴼC for 24hr.  Plates 
were observed for clear zones around the colonies, 
which indicates the protease activity. Then clear zone 
diameter was measured to understand the relative 
potential of the bacterial isolates (Sekar et al. 2016).

Screening for keratinase activity

To test the keratinase activity, bacterial isolates with 
protease activity on SMA were inoculated into feather 
meal agar (FMA) plate with the following composi-
tion; NH4Cl - 0.5 g, NaCl- 0.05 g, MgCl2.  6H2O–0.1 
g,  K2HPO4 – 0.03 g,  KH2PO4 – 0.04 g, yeast extract 
– 0.1 g, feather meal – 1g. The plates were incubated 
for 72 hr at 40ᴼC. The colonies producing clear zones 
on this medium were selected for further studies 
(Sekar et al. 2016).

Identification of the bacterial isolates

Molecular identification of the bacterial isolates was 
done by using 16s rRNA gene sequencing method. 
Bacterial genomic DNA was isolated (Birnboim 
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and Doly 1979) and Polymerase Chain Reaction of 
purified DNA was performed (Bartlett and Stirling 
2003) with two primers (22 bp forward primer 5’ 
GGAGAGTTAGATCTTGGCTCAG 3’ and 20 bp 
reverse primer 5’AAGGAGGGGATCCAGCCGCA 
3’) already reported for 16S rRNA gene sequence 
from the NCBI (http://www.ncbi.nlm.nih.gov). The 
primers were custom synthesized by Sigma-Aldrich 
(Sigma, Bangalore) and amplicon sequenced by 
Biokart India Pvt Ltd Bangalore. Sequence obtained 
thus was subjected to BLAST analysis in 16S rRNA 
sequence database (www.ncbi.nlm.nih.gov/blast).

Evaluation of the bacterial isolates for poultry 
feather degradation

Inoculum preparation

One hundred ml sterile TS broth was inoculated with 
a loop full of each of the three bacterial isolates and 
incubated for 24 hrs on a rotary shaker (150 rpm) 
at 30°C.

Poultry feather preparation

Clean and defatted poultry feathers were initially cut 
to an average size of 1-3 cm and dried for 3 days at 
50 °C. Dry feather was ground, which looked like 
cotton wool, using a laboratory grinder and stored in 
aseptic condition at 4 °C.

Experimental setup

Two parallel experiments were setup each one for 
continuous progressive sampling and for destructive 
sampling for 14 days under identical conditions, with 

eight treatments (Individual isolate and in combina-
tions with one control), in three replications to eval-
uate the potentiality of the selected bacterial isolates 
for feather degradation. For continuous progressive 
sampling, the experiment was set up in the laboratory 
using 250 ml conical flask with 100 ml mineral medi-
um (K2HPO4 - 0.3g, NH4Cl - 0.2g, MgSO4.7H2O - 0.2 
g, NaCl - 0.5 g, FeSO4.7H2O - 0.01g, KH2PO4 – 0.4g), 
10%  chicken feathers (as sole source of carbon and 
nitrogen) and a total of 1 ml inoculum (109 cfu/ml) 
individually and in combination with pH adjusted 
to 7.0. The experiment was performed at 30 in °C 
an orbital shaker (125 rpm) for 14 days and samples 
were withdrawn at every 48 h to determine the, pH, 
soluble protein, proteolytic and keratinolytic activity 
(Arima et al. 1970, de Oliveira et al. 2016). To study 
the degree of degradation, destructive sampling ex-
periment was setup using 50 ml test tube with 25 ml 
mineral medium, 10 % chicken feathers and a total 
of 0.25 ml inoculum (109 cfu/ml) individually and 

Fig. 1.  Zone of clearance by feather degrading bacterial isolates on SMA.

Table 1. Screening of bacterial isolates based on the production 
of  keratinase and protease.
        
  Keratinase 
Sl.  clearance Protease
No. Isolates index clearance index

1. KDB 1 1.25 ±0.02g 1.25 ± 0.02hi

2. KDB 4 1.25 ±0.02g 1.23 ± 0.03i

3. KDB 2 1.88 ±0.03b 1.85 ± 0.04b

4. KDB 6 2.10 ±0.04a 2.00 ± 0.04a

5. KDB 8 1.50 ±0.03e 1.66 ± 0.03de

6. KDB 15 1.66 ±0.03d 1.33 ± 0.03gh

7. KDB 13 1.42 ±0.02ef 1.45 ± 0.03f

8. KDB 14 1.36 ±0.02f 1.36 ± 0.03fg

9. KDB 16 1.77 ±0.03c 1.83 ± 0.04bc

10. KDB 18 1.44 ±0.02ef 1.33 ± 0.03gh    
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units in Bangalore as the soil from feather dumping 
pits are found to be good source of feather degrading 
bacteria (Kim and Patterson 2000). Out of 40 isolates, 
15 isolates showed positive by forming clear zone 
around the colony on SMA medium, which indi-
cates the proteolytic activity of the bacterial isolates. 
Among the 15 positive isolates, KDB2, KDB6 and 
KDB16 showed maximum clear index compared to 
others (Table 1, Fig. 1). Further, all 15 isolates were 
also subjected to secondary screening on FMA me-
dium and observed the similar results, where KDB2, 
KDB 6 and KDB16 showed maximum clear index, 
indicating keratinolytic activity of the bacterial iso-

Fig.  2.  Zone of clearance by feather degrading bacterial isolates on FMA

Fig. 3.  Changes in the pH (A), total soluble proteins (B), proteolytic and keratinolytic activity  (C ) and degree of degradation (D) during 
the poultry feather degradation process.

in combination with pH adjusted to 7.0. The experi-
ment was performed at 30 for 14 days, and ℃ samples 
were withdrawn at every 48 and the residual feather 
was washed,  dried and scaled to calculate degree of 
degradation (Basheer and Umesh, 2018).

RESULTS  AND  DISCUSSION

Isolation, screening and identification of keratino-
lytic bacterial isolates

Forty bacterial colonies were isolated (named as KDB 
1 to 40) from different locations of poultry farming 
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lates (Table 1, Fig. 2).  Three best isolates viz., KDB2, 
KDB6 and KDB16 were subjected to 16s  rRNA gene 
sequencing for identification. The 16 s rRNA gene 
sequences of all three best isolates were subjected to 
BLAST search in NCBI’s nucleotide database.  The 
sequence BLAST search with each of the isolates 
resulted similarity with more than 100 accessions 
from the database. Out of more than 100 similarity 
hits,  KDB2 had 100 % sequence similarity with six 
Pseudomonas sp., KDB6 had 100 % similarity with 
one Klebsiella sp. and KDB16 had 100% similarity 
with 99 Klebsiella sp. The sequence was submitted 
to the NCBI Gene Bank with the accession num-
ber MT734026 (KDB2), MT734025 (KDB6) and 
MT734024 (KDB16). Feather degradation has been 
studied extensively in the recent past due to its re-
calcitrant nature and threats regarding environmental 
and health issues.  In the last decade, many reports 
showed the potential use of Bacillus sp. besides 
other genera including  Pseudomonas,  Brevibacil-
lus, Micrococcus, Xantnthomonas  (Li  2019).  The 
current study as well as previous reports show that 
the diverse bacterial populations are involved in the 
degradation of poultry feathers. Therefore, there are 

ample opportunity for selection of microbial source 
when poultry feather degradation is to be integrated 
with other industrial process as well as agricultural 
application.

Feather degradation potential of bacterial isolates

Based on the results obtained from previous analy-
sis, the isolates viz. Pseudomonas KDB2 Klebsiella 
KDB6 and Klebsiella KDB16 were tested individ-
ually as well as in combination for their ability to 
degrade the poultry feather. Inoculation of feather 
degrading bacterial isolates either individually or in 
combination increased the growth media pH value 
upto 8.84 compared to the control treatment which is 
an indirect evidence of buffer action due to the degrad-
ed peptides and amino acids by keratinolytic bacterial 
isolates. Fig 3-A shows the changes in pH value in the 
feather degradation system with a combination of all 
three isolates which was found to be the best treat-
ment in which maximum degradation was observed. 
The present results are in compliance with some of 
the previous studies wherein higher keratenolytic 
activity was observed in the pH range from 7 to 9.5 
by various isolates (Friedrich and Antranikian 1996, 
Jain et al. 2012, Kim et al. 2001, Sahoo et al. 2017, 
Suntornsuk and Suntornsuk 2003). The total soluble 
protein content during feather degradation was signifi-
cantly highest in treatment T8 wherein combination 
of all three isolates (Pseudomonas KDB2 , Klebsiella 
KDB6 and Klebsiella KDB16) are used. A highest 
total soluble protein (1.5g/100ml) was observed on 
10th  day of incubation compared to all other treat-
ments (Fig 3-B ).  The increase in total soluble protein 
content indicates the degradation of complex keratein 
structure. It has been previously reported that, the 
feather degradation is corroborated by the increase 
in soluble protein which is an indirect measure of 
degradation of feather keratin (de Oliveira et al.  2016,  
Bishmi et al. 2015). The same trend was observed in 
all treatments with different rate. In all the treatments 
the total soluble protein content was found increased 
upto 10th day of incubation and subsequently stable. 
Besides analysis of total soluble protein as a measure 
of feather degradation, proteolytic and keratinolytic 
activities were also measured and found in accordance 
with the formation of total soluble protein. On 10th 
day of the incubation, maximum Proteolytic (23.81 

Fig. 4.  Treatment comparison on 10th day,  T1 - Control and T8 - 10th 

Day (with three bacterial isolates).
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U/ml)  and   keratinolytic  (68.39 U/ml)  activity 
was observed in the treatment wherein combination 
of all three bacterial isolates (Pseudomonas KDB2,  
Klebsiella KDB6 and Klebsiella KDB16) were 
used (Fig 3-C). Based on the total soluble protein, 
proteolytic and keratinolytic activities, gravimetric 
estimation of degree  of feather degradation was also 
performed to understand the degradation potential 
of isolates. The gravimetric estimation of residual 
feathers showed that, the degradation was started 
from 2nd day of incubation onward. A linear response 
in degradation was observed in all the treatments at 
different rate. The maximum degradation (70%) (Fig 
3-D and 4) was observed on 10th day in the treatment 
with all three inoculants in combination. Incubation 
period plays a major role in keratinolytic activity of 
microorganisms and it differ from genera to genera. 
Many studies reported the optimum incubation period 
for keratinolytic activity in the ranges of 3 – 11 days
(Kanchana  2012,  Me et al.  2017).

In the present study, isolation and screening 
of feather degrading bacteria from poultry feather 
dumping pits has lead to the identification of three 
potent bacterial genera viz. Pseudomonas KDB2, 
Klebsiella KDB6 and Klebsiella KDB16 based on 
16 s rRNA gene sequencing and BLAST analysis. 
However, further studies are required for species level 
identification. The degradation potential evaluation 
showed that, these isolates are performing better in 
combination than that of their individual performance. 
The degradation potential of bacterial isolates of the 
present study is on par with the previously reported 
bacterial isolates. Previous reports as well as the re-
sults of the present study show that, there are diverse 
group of bacterial isolates involved in the feather 
degradation process. The isolates that we report 
here could also be of potential use and hence a better 
combination of bacterial consortia that suit specific 
industrial and agricultural applications may be devel-
oped for better utilization of poultry feather waste.

ACKNOWLEDGEMENT

The authors thank University of Agricultural Scienc-
es, Bangalore for giving an opportunity for conduct-
ing this research work.  

REFERENCES

Arima K, Yu J, Iwasaki S (1970) Milk-clotting enz-
 yme from Mucor pusillus var. Lindt, in: Methods in 
 Enzymology, Proteolytic Enzymes. Academic Press, 
 pp 446—459..
Bartlett JMS,  Stirling D (2003)  A Short History of the Polyme-
 rase Chain Reaction. In : Bartlett  JMS, Stirling D (eds).
 PCR Protocols, Methods in Molecular Biology. Humana
 Press, Totowa, NJ, pp 3—6. 
Basheer T,  Umesh M (2018) Valorization of Tannery So-
 lid Waste Materials Using Microbial Techniques: Micro-
 bes in Tannery Solid Waste Management. In Handbook 
 of Research on Microbial Tools for Environmental 
 Waste Management, pp 127—145. 
Birnboim  HC,  Doly J (1979)  A rapid alkaline extraction  pro-
 cedure for screening recombinant plasmid DNA. 
 Nucleic Acids Res   7 : 1513—1523. 
Bishmi Thatheyus  AJ,  Ramya D  (2015) Biodegradation of
 Poultry Feathers using a Novel Bacterial Isolate  Pseudo-
 monas aeruginosa. Int J Res Stud Microbiol Biotecnol
 1 (1)  : 25—30. 
de Oliveira CT, Pellenz  L,  Pereira  JQ, Brandelli  A, Daroit DJ
 (2016)  Screening of Bacteria for Protease Production and
 Feather Degradation. Waste Biomass Valorization 7, 447—
 453. https://doi.org/10.1007/s12649-015-9464-2.
Friedrich  AB,  Antranikian G (1996) Keratin Degradation by
 Fervidobacterium pennavorans, a Novel  Thermophi-
 lic Anaerobic Species of the Order Thermotogales.  Appl   
 Environ  Microbiol  62 : 2875—2882.
Godheja J, Shekhar SK,  Modi  DR  (2014)  Biodegradation  of
 keratin from chicken feathers by fungal species 
 as a means of sustainable development. Asian J
 Pharm  Technol  4  (2)  :  69—73. 
Gupta  A, Kumar  P, Bin Mohd Yunus R, Binti Kamarudin N
 (2011) Extraction of keratin protein from chicken
 feather. Chemeca 2011: Engineering a Better World : Syd-
 ney  Hilton Hotel, NSW, Australia, 18—21 Septem-
 ber 2011, pp  2200. 
Jain  R, Jain PC,  Agrawal SC (2012) Feather degradation by
 Streptomyces exfoliatus CFS 1068. Ann Microbiol
 62 :  973—978. 
Jeevana Lakshmi P, Kumari Chitturi CM, Lakshmi VV 
 (2013) Efficient degradation of feather by keratinase 
 producing Bacillus sp. Internat J Microbiol 2013 : 1—7. 
Joardar JC, Rahman MM (2018) Poultry feather waste 
 management and effects on plant growth. Int  J Rec-
 ycl  Org  Waste  Agric  7 : 183—188. 
Kanchana R (2012) Farm waste recycling through micro-
 bial keratinases. J Appl Sci in Environ Sanitation 7 (2) :   
 In press.
Kim  JM, Lim WJ, Suh  HJ (2001) Feather-degrading Bacillus
 species from poultry waste. Process Biochem 37:  287—291.
Kim WK, Patterson  P (2000) Nutritional value of enzyme or
 sodium hydroxide-treated feathers from dead  hens. 
 Poult  Sci 79  : 528—534. 
Lange  L, Huang Y,  Busk  PK (2016) Microbial decomposi-
 tion of keratin in nature—a new hypothesis of indus-
 trial relevance. Appl Microbiol Biotechnol  100 : 
 2083—2096. 



627

 

Li Q (2019) Progress in microbial degradation of feather 
 waste. Front Microbiol 10 : 2717. 
Me  PR, Hern Dj  ez-M, B, C-PM, Q.-C. (2017)  Degradation 
 of Chicken Feathers: A Review. Biotechnol: An Indian 
 J 13.
Ningthoujam DS, Tamreihao K,  Mukherjee S,  Khunjama-
 yum R, Devi LJ,  Asem  RS (2018)  Keratinaceous wa-
 stes and their valorization through keratinolytic mic-
 roorganisms. In Keratin. 
Riffel A, Lucas F, Heeb P,  Brandelli A  (2003) Characteriza-
 tion of a new keratinolytic bacterium that complet-
 ely degrades native feather keratin. Arch Microbiol
 179 :  258—265. 
Sahoo  DK, Thatoi HN,  Mitra  B,  Mondal  KC,  Das Mohapa-
 tra  PK  (2017) Advances in Microbial Keratinase and Its
 Potential Applications. In : Patra JK, Vishnuprasad CN,
 Das G (eds). Microbial Biotech nology: Volume 1. Appli-
 cations in Agriculture and Environment. Springer,
 Singapore,  pp  105—133.

Sekar  V, Kannan M, Ganesan  R, Dheeba  B, Sivakumar  N, Kan-
 nan K (2016) Isolat ion and Screening of  Ker-
 atinolytic Bacteria from Feather Dumping Soil in 
 and Around Cuddalore and Villupuram, Tamil Nadu.
 Proc  Natl  Acad  Sci Ind Sect  B Biol Sci  86 : 567—575. 
Suntornsuk W, Suntornsuk L (2003) Feather degradation by Ba-
 cillus sp. FK 46 in submerged cultivation. Bioresour Tech-
 nol  86 :  239—243.
Tamreihao K, Mukherjee S, Khunjamayum R, Devi  LJ,  Asem
 RS, Ningthoujam  DS (2019) Feather degrada tion by ke-
 ratinolytic bacteria and biofertilizing potential for sustain-
 able agricultural production. J Basic Microbiol 59 : 4—13.
Tiquia  SM,  Tam NFY (2002)  Characterization and compost-
 ing of poultry litter in forcedaeration piles. Process 
 Biochem  37 :  869—880. 
Verma A, Singh H, Anwar  S, Chattopadhyay  A, Tiwari  KK,
 Kaur S,  Dhilon GS  (2017) Microbial keratinases : Indus-
 trial  enzymes with waste management potential. Crit Rev
 Biotechnol  37 :  476—491.      


