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Microbial keratinase mediated biodegradation of keratin rich wastes such as
chicken feathers, nails, hairs and wool, is an environment friendly
biotechnological process, which converts this abundant waste into low-cost,
nutrient-rich animal feed. Keratinase mediated hydrolysis of feather meal/raw
feather significantly enhances the level of essential amino acids in the product.
Optimization of various physical and nutritional parameters showed that
maximum protease production of 4250 U/I from Bacillus S-2 strain occurred in 36
h at pH 7, temperature 37 °C, agitation rate 200 rpm, in a medium having lactose
as carbon source, proteose peptone as nitrogen source and 1 % feather meal as
inducer. The isolated enzyme efficiently degraded raw feathers to soluble form
in 48 h of incubation at 37 °C and 150 rpm. The enzyme has the potential for
application in the manufacturing of organic manure and production of nutrient
rich animal feed. The enzyme was compatible with detergents and removed stains
of blood, egg white and coffee more efficiently than the detergent alone, so can
also be used as a detergent aid.

Key words: Animal feed; Feather waste bioremediation; Keratinase; Organic
manure; Plant growth promotion; Process optimization; Wash performance.

Introduction

Keratin is a highly stable, water-insoluble
protein  molecule, having very high
steadiness and low degradation rate. It is
mainly found in hair, feather, nails, wool
and horns. High protein content of keratin
waste can be used as a good source of
protein and amino acids by systemic
recycling. This provides a cheap and
alternative protein (amino acids) feed stuff
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for animals and for many other purposes*?.
However, poor digestibility of keratin is a
problem in recycling®.

Keratin can be degraded by
keratinases (EC.3.4.99.11) which are serine
proteases. They are extracellular microbial
proteases produced in an environment rich
in keratinous substrates such as feathers and
hairs. Keratinases have applications in
traditional industrial sectors including feed,
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detergent, medicine, cosmetics and leather
manufacture’. The crude enzyme can also
serve as a nutraceutical product, leading to
significant  improvement in  broiler
performance®. They also find application in
more recent fields such as prion killing for
treatment of the dreaded mad cow disease®,
biodegradable plastic manufacture and
feather meal production’. Bioresource
International’s (BRI) has been producing
keratinase enzyme with the Trade name
Versazyme for feather meal production®.

Keratianses are produced by many
microbial  groups such as  Fungi
(Doratomyces  microsporus,  Alternaria
radicina, Trichurus spiralis, Aspergillus sp.
etc.)®, Actinomycetes (Streptomyces pactum,
S. albus, Thermoactinomyces candidus
etc)’® and several bacterial species
Flavobacterium pennavorans, Bacillus sp.*?,
Stenotrophomonas sp.2, Bacillus
licheniformis and B. pumilus®.

In the present study we focused on
the isolation of an extracellular keratinase
producing bacteria from the soil of Poultry
farm of Veterinary University, Bikaner,
India. Production of keratinase from the
selected isolate was optimized and the
extracellular keratinase was used for various
applications such as feather degradation, and
washing of protein stained cloths either
solely or in combination with detergents.
Materials and Methods
All the chemicals used were of AR grade.
Dehydrated culture media bases were
purchased from Himedia (Mumbai, India),
other media components and chemicals were
purchased from Central Drug House (New
Delhi, India). Soil samples for isolation of
keratinase producing bacteria were collected
from different feather accumulating areas in
Bikaner (India).

Isolation of bacteria: Isolation of bacteria
was performed by serial dilution and plating

method on skimmed milk agar (SMA) plates
having composition (g/l): peptone, 5.0; yeast
extract, 3.0; dextrose, 1.0; skim milk
powder, 10.0, agar 15.0 and pH was
adjusted to 7.2+0.2. The medium was
autoclaved at 10 psi for 20 min'“.

Various dilutions of the soil samples
were made by serial dilution method. 100 pl
of the diluted samples from marked dilutions
as 10°, 10™ and 10 were inoculated on the
SMA plates and uniformly spread all over
the agar surface with the help of sterile glass
spreaders. Plates were incubated at 37°C for
24 h. The bacterial isolates were further sub
cultured on SMA plates by quadrate
streaking to obtain pure cultures. Pure
cultures were maintained on nutrient agar
(NA) slants at 4°C for further studies.
Enzyme Production: Following steps were
followed for enzyme production:

a) Preparation of seed culture- The bacterial
isolates were inoculated in Erlenmeyer
flasks (250ml capacity) containing 50ml of
nutrient broth (NB). The inoculated NB
flasks were incubated at 37 °C and 150 rpm
for 24 h. These 24 h old cultures were used
as seeds or inoculums for inoculation of the
flasks of basal production medium as
described below.

b) Inoculation of production medium: One
% of the seed culture of every bacterial
isolate was inoculated in the respective flask
having the modified feather meal medium
with composition (g/l): NH4ClI, 0.5; NaCl,
0.5; MgS04.7H,0, 0.1; K,HPQ4, 0.3; yeast
extract, 0.1; chicken feathers, 10. The
medium pH was adjusted to 7.5+0.2'°. The
inoculated medium flasks were incubated in
a rotary shaker at a speed of 150 rpm at
37°C for 72 h.

c) Biomass removal and enzyme recovery:
After incubation, the biomass of every
culture was removed by centrifugation at
10,000 rpm for 10 min and the supernatants
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were collected and examined for enzyme
activity. The isolate exhibiting the maximum
enzyme activity was selected for further
studies.

Enzyme assay

a) Qualitative assay: Wells of around 1 cm
diameter were made on the agar surface of
SMA plates, using a sterile gel borer. Then
100l of supernatants from each culture was
transferred to the respective wells using a
micropipette. The plates were incubated at
37°C for 12 h and then observed for zone of
hydrolysis.

b) Quantitative assay: Five ml of casein
solution (6.5 mg/ml in phosphate buffer of
pH 7.5) was primed at 37 °C for 5 min in a
water bath. To this 1ml of enzyme solution
(supernatant of the fermentation broth) was
added and the mixture was incubated at 37
°C for 10 min. The reaction was stopped
with 5ml of 110mM trichloroacetic acid
(TCA). Whole reaction mixture was further
incubated at 37 °C for 30 min. Then 5 ml
of sodium carbonate (500mM) and 1 ml of
Folin’s phenol reagent (1:1 with distilled
water) was added and incubated at 37 °C for
1 h. The amino acids liberated were
measured at an absorbance of 660 nm
against a reagent blank and the quantity was
determined from a standard tyrosine curve
prepared in the range of 1-100pg/ml using a
spectrophotometer™.

Enzyme Unit: One unit (U) of enzyme
activity is defined as the amount of the
enzyme that catalyzes the conversion of
one microgram  of substrate per  minute
under the standard assay conditions.
Screening of keratinase activity of bacterial
isolates

a) Qualitative screening: For qualitative
screening 100 ul of supernatant from each
bacterial culture broth was inoculated in
wells bored on SMA plates. The inoculated
plates were incubated at 37 °C for 24 h and

then observed for zone of hydrolysis.

b) Quantitative screening: For quantitative
screening the supernatants from each
bacterial isolates were examined for enzyme
units produced per milliliter of the
fermentation broth by the colorimetric
method as described above.
Characterization of keratinolytic bacterium
The selected Dbacterial isolate  was
characterized for morphological,
physiological and biochemical
characteristics viz. bacterial cell shape,
Gram reaction, sporulation, anaerobic
growth, sugar fermentation, indole test,
methyl red test, VVoges Proskauer test, citrate
test, catalase test, urease, caseinase and
gelatinase acivity.

Medium Optimization

Optimization of keratinase production from
the selected bacterial isolate was done by
evaluating the effects of following
parameters on enzyme production.

a) Effect of medium: pH- Four sets of the
feather meal medium with different pHs viz.
6, 7, 8 and 9 were prepared to study the
effect of pH on keratinase production. The
selected bacterial isolate was grown in the
seed medium (nutrient broth) for 12 h. 1 ml
of this seed culture was inoculated into the
50ml production medium (contained in 250
ml Erlenmeyer flask) and was incubated in a
rotary shaker at an agitation rate of 150 rpm
at 37°C for 48 h.

b) Effect of temperature: Effect of
temperature on  keratinase  production
was  studied by  incubating  the
inoculated medium flasks at
respective temperatures: 25 °C, 30 °C, 37 °C,
and 42 °C at an agitation rate of 150 rpm for
48 h.

c) Effect of sugars: Effect of sugars on
keratinase production was studied by
preparing production medium sets each
having a different carbon source (glucose,



20 Baid et al.

Table 1. Results of morphological, physiological, cultural and biochemical characteristics of

Bacillus sp. S-2
CHARACTERISTICS OBSERVATION
Physiological characteristics
Endospore formation +
Motility Motile
Anaerobic growth -
Morphological characteristics
Shape of bacteria Rod shaped
Colony growth Fast
Colony shape Circular
Colony surface Smooth & shiny
Colony margin Entire
Colony colour Creamy
Colony elevation Convex
Colony opacity Opaque
Biochemical characteristics
Glucose catabolism -/-
Lactose catabolism -/-
Mannitol -/-
Indole production -
Methyl red test -
Voges-Proskaure test -
Citrate catabolism -
Gelatinase -
Caesinase +

lactose, fructose, mannitol or starch) at 0.2%
(w/v) concentration. The inoculated flasks
were incubated in a rotary shaker at 150 rpm
and 37°C for 48 h.

c¢) Effect of nitrogen source: Both organic
and inorganic nitrogen sources were
evaluated to find the best nitrogen source for
optimal enzyme production. Following
nitrogen sources at 0.1% (w/v) concentration
were evaluated: proteose peptone, beef
extract, urea and ammonium chloride. Other
production conditions were same as above.
d) Effect of feather concentration: To find
the optimal concentration of feather for
maximum enzyme production following
concentrations of feather viz. 1%, 2%, 3%

and 4% (w/v) were used in the production
medium. Other conditions were same as
above

f) Effect of agitation rate: Agitation and
aeration plays an important role in enzyme
yield. Therefore, enzyme production was
carried out at different agitation rates viz.
100, 150, 200 and 250 rpm at 37°C for 48 h.
g) Effect of incubation period: Enzyme
production from the selected bacterial
isolate was investigated after 12, 24, 36, 48,
60 and 72 h.

Applications

a) Bioremediation of feather waste: For
feather degradation 250 ml of optimized
production medium was sterilized in 2000ml
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Zone of hydrolysis
producedbyS-2

Fig.1. Qualitative screening:  Agar
diffusion assay of culture supernatants (S-
2 and others) on SMA plate

Erlenmeyer flask. Then 1% seed culture was
inoculated to the sterilized medium which
was incubated at 37 °C and 150 rpm for 36
h. After 36 h, the culture broth was
centrifuged to get cell-free supernatant
containing the enzyme. This enzyme (200ml
of supernatant) was transferred to another
Erlenmeyer flask of 500ml capacity
containing 5 g of sterilized chicken feathers
and the flask was incubated at 37 °C and 150
rpm for 72 h. The flask was observed after
every 12 h to observe the complete
degradation of feathers. Also samples were
taken after every 12 h till 72 h of incubation
and were tested for protein content by
Lowry’s method in order to assess the
increase in protein content due to keratinase
activity of the bacterial enzyme.

b) Organic manure: The protein content of
the degraded feathers were determined by
the Lowry’s method in order to assess its
potential for application as a amino acid and
peptide rich manure for enhancing the
growth of plants.

¢) Animal feed: The degraded products of
feather meal are rich in certain essential

«  Enzyme activity (U/ml/min)
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Fig. 2. Effect of medium pH on enzyme
production by Bacillus sp. S-2

amino acids like methionine, lysine and

arginine. Therefore, in the present
study the degraded products of feathers were
also analyzed for amino acid

profile by thin layer chromatography (TLC).
d) Detergent aid: Detergent compatible
proteases are used as washing aids
which help in removal of proteinacious
stains from the cloths. Therefore, the
protease from Bacillus S-2 was investigated
for removal of various stains viz. blood,
egg and coffee stains from the cotton
cloths. Experimentally, muslin cloths
of 2x2 inches were taken 4 in number
for each stain. Blood, egg and coffee
stains were applied on cloth pieces and
were dried by blowing hot air through
hair dryer on them. After drying the four

pieces of each stain viz. blood, egg
and coffee were taken and washed
in following way: one piece with

water alone, another with detergent solution,
another with enzyme alone and last one
with detergent + enzyme solution and
the cloth pieces were observed for
cleanliness.



22

Results and discussion

Keratin is a well-built protein present in
skin, hair, nails and horns. Keratin is very
difficult to break up because of the presence
of cysteine disulfide that can form disulfide
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Fig. 3. Effect of incubation temperature on
enzyme production by Bacillus sp. S-2

Screening

a) Qualitative screening: A total of 28
bacterial isolates were examined for
protease activity on SMA plates. Results
showed that out 28 isolates isolate S-2
produced protease (keratinase) in the feather
meal medium, which was evident in the
form of a 12 mm zone of hydrolysis in 24h
of incubation on SMA plate (Fig 1). On the
other side other bacterial isolates showed
negligible or no protease production in the
feather meal medium.

b) Quantitative screening: Out of 28
bacterial isolates which were evaluated for
quantitative production of protease, only
isolate S-2 exhibited protease (keratinase)
activity of 2 U/ml, whereas, other isolates
exhibited negligible protease activity. Isolate
S-2 was therefore selected for further
studies.

Culture Characteristics

The results of morphological, physiological
and  biochemical characteristics  are
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bridges. These disulfide bridges create a
tremendously  strong helix shape.
Microorganisms can degrade the keratin by
the production of keratinase (an extracellular
enzyme).

ro8
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Glucose Lactese Mannitol Fructose Starch

Sugars

Fig. 4. Effect of different sugars on enzyme
production by Bacillus sp. S-2

presented in Table 2. These characters
clearly show that theisolate S-2 belongs to
the genus Bacillus (Table 1).

Previous studies conducted for the isolation
of keratinolytic organism from soil and other
natural sources, reports Bacillus sp. as a

potential keratinolytic organism and its
possible use in field studies for
biodegradation of feather in feather

processing*’*8.

Medium Optimization

a) Effect of medium: pH- The isolate S-2
exhibited maximum enzyme production
(1.98 U/ml) at pH 7. There were steep
declines in enzyme production below and
above pH 7 (Fig. 2). The growth profile was
similar to enzyme production profile.
Enzyme production was growth associated
with respect to pH. So the optimum pH for
protease production was 7. The optimum pH
for enzyme production varies from organism
to organism, for instance Bacillus cereus, B.
subtilis and B. pumilus produced maximum
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enzyme production by Bacillus sp. S-2

keratinase at pH 7, 59 and 5.6
respectively™.
b) Effect of temperature: Incubation

temperature plays an important role in
enzyme production by a microorganism. The
Bacillus S-2 showed maximum protease
production (2.09 U/ml) at 37 °C in 48 h of
incubation. However, similar to pH profile
above and below 37 °C there was decline in
enzyme production (Fig. 3). Therefore, the
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optimum temperature for proteaseproduction
was 37 °C. The growth profile was similar to
enzyme  production  profile.  Optimal
temperature of 40 °C for protease production
has been reported for Bacillus subtilis and B.
pumilus®®. Temperature optima of 20-30 °C
has been reported for other bacteria®’. On
the other side, higher temperature of 50 °C
has been reported as optimal for keratinase
production from Bacillus cereus™.
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c) Effect of sugars: Addition of sugars to the
production medium did not have any
positive effect on enzyme production by the
selected bacterial Bacillus sp. S-2 (Fig. 4).
Sugars  actually  decreased  protease
production. Except for lactose other
sugars like glucose, mannitol and starch

Baid et al.

substantially decreased protease production.
Negative effect of glucose on protease
production has been reported*??, On the
contrary, enhanced protease production in
the presence of (sugars, maximum being in
the presence of starch) has been reported for
Bacillus cereus™.

Table 2. Total soluble protein (keratin) content in the aqueous mixture of keratinase and chicken
feathers incubated at 37 °C and 150 rpm for different incubation periods.

Incubation period (h) Keratin (mg/ml) Keratin %
12 4.8 21
24 9.9 44
36 14.8 66
48 19.8 88
60 20.1 89
72 20.4 90

Test

Control

Fig. 9. Feather degradation by S-2 protease

after 48 h of incubation at 37 °C and 150rpm

d) Effect of nitrogen source: Nitrogen plays
an important role in growth and enzyme
production by an organisms. Among various

Methionine

Fig. 10. TLC showing the spots of amino
acids released from the degraded feathers

after 44 h incubation at 37 °C and
150rpm
nitrogen sources investigated proteose

peptone showed highest protease production
(2.52 U/ml) as well as good growth (Fig. 5).
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Effect of nitrogen sources on Kkeratinase
production also varies'®. Peptone has been
reported to induce maximum protease
production by Bacillus pumilus™. Similarly,
supplementation of medium with organic
nitrogen source like yeast extract, enhanced
keratinase production by Stenotrophomonas
sp. and Bacillus spp.***°. Soy meal has been
reported to induce enzyme production®.

e) Effect of feather concentration: Feathers
are rich source of keratin protein. Therefore,
their optimal concentration in the medium is
necessary for the maximum induction of
protease with keratinase activity. Feathers at
a concentration of 1 % were most suitable
for enzyme production (Fig. 6). Higher
concentration resulted in similar growth but
decreased enzyme production. Importance
of feathers for keratinase production has
been reported by a number of
researchers'®%>?%,

f) Effect of agitation rate: Aeration plays an
important role in microbial growth and
metabolism. Maximum enzyme production
of 3.55 U/ml was observed at an agitation
rate of 200 rpm (Fig. 7). Enzyme production
at 100 rpm was substantially low. On the
other side there was no further enhancement
in enzyme production above 200 rpm.
Although effect of different agitation rates
has not been investigated by other
researchers but all have carried out
protease  production  under  shaking
conditions viz. 150 rpm?’, 200 rpm®, and
120 rpm*™©.

g) Effect of incubation period; Maximum
enzyme production of 4.25 U/ml) was
achieved after 36h of incubation (Fig. 8).
Thereafter enzyme activity started to
decline. Optimal incubation period for
keratinase production from Bacillus cereus
has been reported to be 72 h'. Microbial
enzyme production in general is affected by
incubation period**°,

Applications

a) Bioremediation of feather waste: The
protease from Bacillus S-2 completely
degraded the feathers to soluble form in 48 h
of incubation at 37 °C (Fig. 9). Here it is
important to mention that under natural
conditions the degradation process may take
several weeks to complete. Whereas, the
protease from Bacillus S-2 has completed
this process in 48h, this is a significant
achievement. Proteases with keratinase
activity  have  been  applied  for
bioremediation of feather wastes by
different researchers®!>%28:3!,

b) Organic manure: It is evident from the
results presented in table 2, that protein
content of as high as 19.8 mg/ml (~90 %
keratin content) has been achieved by the
protease of Bacillus sp. S-2S-2 strain in 48 h
of incubation (Table 2). The degraded
protein products viz. amino acids and
peptides can be applied to the soil for
enhanced growth and productivity of the
plants. It has been reported that the degraded
products of proteinacious compounds may
have plant growth promoting activity*>.
The amino acids present in the degraded
meal can easily be absorbed by the plants
roots and through foliage®**°. They have the
capacity to enhance nitrogen use efficiency
of the plants and further stimulate
photosynthesis and plant growth®. Their
effects on carbon and nitrogen metabolism,
and plant primary and secondary
metabolism  have been  reported®**,
Hormone-like-activity including Auxin-like-
activity and Gibberellin-like-activity has
also been attributed to amino acids and
peptides®’.

c) Animal feed: TLC analysis of the
products of feather degradation showed the
presence of amino acids cysteine,
methionine and valine (Fig. 10). This was
determined on the basis of rf values. As the
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degraded feather meal is rich in essential
amino acid methionine it can very well be
used as an animal feed. Use of feather meal
as animal feed has been reported?®3%4°,

d) Detergent aid:The results of wash
performance showed that the protease from
Bacillus S-2 efficiently removed the stains

(@) Cleaning of blood stain

Clearance of Blood Spot:

the results were better than the application
of detergent alone (Fig. 1llab & c).
Application of microbial proteases as
washing aid has been reported* earlier;
however, this may be the first report,
wherein a keratinase with wash performance
activity is being reported.

W ater

Detergent
(b) Cleaning of egg stain
Clearance of Egg Spot:
Water Detergent

(c) Cleaning of coffee stain

Clearance of coffee spot:

Water Detcégcnt

Enzvime Detergent
_|_
Enzyvme
Enzyme Detergent +Enzyme

Detergent + Enzyme

Enzyme

Fig. 11. Wash performance analysis of protease from Bacillus sp. S-2
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Conclusion
The bacterial isolate Bacillus sp. S-2
produced a protease enzyme with

keratinolytic activity with applications of
industrial and environment importance.
Under unoptimized conditions the isolate
produced around 2 U/ml/min. After process
(fermentation) optimization of both physical
and nutritional parameters more than 2 fold
increase in enzyme production i.e. 4.25
U/ml/min was achieved. So the enzyme
productivity increased from an initial value
of 25 U/ml/h to 7 U/ml/h which is a
significant enhancement. Nitrogen source,
agitation rate and incubation period played
important roles in enhancing the enzyme
production. The enzyme efficiently
bioremediated the feather waste converting
it to a complete soluble form in 48 h.
Bioremediation resulted in enrichment of
important amino acids like methionine,
cysteine and valine in the end product,
which can be used for formulation of
organic manure and as animal feed. The
enzyme was compatible with commercial
washing detergents and efficiently removed
the stains of blood, egg and coffee from
cloths when used along with detergent. The
results were better than those obtained with
detergent alone.
Acknowledgement
Authors sincerely acknowledge the financial
support provided by Department of Science
and Technology (DST), Government of
Rajasthan  for  carrying  out  this
important research work.
References
1. Gessesse A, Hatti-Kaul R, Gashe BA
and Mattiasson B 2003, Novel alkaline
proteases from alkaliphilic bacteria
grown on chicken feather. Enzyme
Microb. Technol. 32 519-524,
2. Liang JD, Han YF, Zhang JW, Du W,
Liang ZQ and Li ZZ 2011, Optimal

10.

culture conditions for keratinase
production by a novel thermophilic
Myceliophthora thermophila strain
GZUIFR-H49-1. J. Appl. Microbiol.
110 871-880.

Ghosh A, Chakrabarti K and
Chattopadhyay D 2008, Degradation
of raw feather by a novel high
molecular weight extracellular
protease from newly isolated Bacillus
cereus DCUW, J. Ind. Microbiol.
Biotechnol. 35 825-834.

Farag AM and Hassan MA 2004,
Purification,  characterization  and
immobilization of a keratinase from
Aspergillus oryza. Enzyme Microb.
Technol. 34 85-93.

Odetallah NH, Wang JJ, Garlich JD
and Shih JCH 2003, Keratinase in
starter diets improves growth of broiler
chicks. Poult. Sci. 82 664-670.
Langeveld JPM, Wang JJ, Van de
Wiel DFM, Shih GC, Garssen GJ,
Bossers A and Shih J CH 2003,
Enzymatic degradation of prion
protein in brain stem from infected
cattle and sheep. J. Infect. Dis. 188
1782-1789.

Gupta R and Ramnani P 2006,
Microbial  keratinase and their
prospective applications: an overview.
Appl. Microbiol. Biotechnol. 70 21-
33.

Harde SM, Bajaj IB and Singhal RS
2011, Optimization of fermentative
production of keratinase from Bacillus
Subtilis NCIM 2724. Agric. Food
Anal. Bacteriol. 1 54-65.

Friedrich J, Gradisar H, Mandin D and
Chaumont JP 1999, Screening fungi
for synthesis of keratinolytic enzymes.
Lett. Appl. Microbiol. 28 127-130.
Noval J and Nickerson WJ 1959,
Decomposition of native keratin by



28

11.

12.

13.

14.

15.

16.

17.

18.

Baid et al.

Streptomyces fradiae. J. Bacteriol. 77
251-263.

Suntornsuk W and Suntornsuk L 2003,
Feather degradation by Bacillus sp FK
46  in  submerged cultivation.
Bioresour. Technol. 86 239-243.
Yamamura S, Mosita Y, Hasan Q,
Yokoyama K and Tamiya E 2002,
Keratin degradation : A cooperative

action of two enzymes from
Stenotrophomonas  sp.,  Biochem.
Biophl. Res. Commun. 294 1138-
1143.

Nitisinprasert S, Pornuirum W and
Keawsompong S 1999,
Characterizations of two bacterial
strains  showing high keratinase

activities and their synergism in
feather degradation. Kasetsart J. Nat.
Sci. 33 191-199.

Riffel A and Brandelli A 2006,
Keratinolytic bacteria isolated from
feather waste. Braz. J. Microbiol. 37
395-399.

Agrahari S and Wadhwa N 2010,
Degradation of chicken feather a
poultry waste product by keratinolytic
bacteria isolated from dumping
site at ghazipur poultry processing
plant. Int. J. Poultry Sci. 9 482-
4809.
http://www.sigmaaldrich.com/life-
science/learning-center/life-science-
video/universal-protease.html

Lin X, Kelemen DW, Miller ES and
Shih JCH 1995, Nucleotide sequence
and expression of ker A, the gene
encoding a keratinolytic protease of
Bacillus licheniformis PWD-1, Appl.
Environ. Microbiol. 61 1469-1474.
Kim JM, Lim WJ and Suh HJ 2001,
Feather-degrading Bacillus species
from poultry waste. Process Biochem.
37 287-291.

19.

20.

21.

22,

23.

24,

25.

26.

Sivakumar T, Shankar T, Tangapandian
VvV and Ramasubramanian V 2013,
Optimization of cultural condition for
keratinase production using Bacillus
cereus TS1. Insight Microbiol. 3 1-
8.

Lin X, Lee CG, Casale ES and Shih JC
1992, Purification and characterization
of a keratinase from a feather
degrading  Bacillus licheniformis
strain. Appl. Environ. Microbiol. 58:
3271-3275.

Allpress JD, Mountai G and Gowland
PC 2002, Production, purification and
characterization of an extracellular
keratinase from Lysobacter NCIMB
9497. Lett. Appl. Microbiol. 34 337-
342.

Santos RMDB, Firmino AAP, de Sa
CM and Felix CR 1996, Keratinolytic
activity of Aspergillus fumigates.
Fersenius. Curr. Microbiol. 33 364-
370.

Ignatova Z, Gousterova A, Spassov G
and Nedkov P 1999, Isolation and
partial characterization of extracellular
keratinase from whool degrading
thermophilic  actinomycetes  strain
Thermoactinomyces candidus. Can. J.
Microbiol. 45 217-222.

Gradisar H, Kern S and Friedrich J
2000, Keratinase of Deuteromyces sp.
Microspores. Appl. Microbial.
Biotechnol. 53 196-200.
Deivasigamani B and Alagappan KM
2008, Industrial  application  of
keratinase and soluble proteins from
feather keratins. J. Environ. Biol. 29
933-936.

Matikeviciené V, Masilitiniené D and
Grigiskis S 2009, Degradation of
keratin containing wastes by bacteria
with keratinolytic activity. Environ.
Technol. Res. 1 284-2809.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20X%5BAuthor%5D&cauthor=true&cauthor_uid=16348784�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20CG%5BAuthor%5D&cauthor=true&cauthor_uid=16348784�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Casale%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=16348784�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shih%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=16348784�

27.

28.

29.

30.

31.

32.

33.

J. Phytol. Res. 29 (1 & 2) : 17-30, 2016 29

Vigneshwaran C, Shanmugam S and
Kumar TS 2010, Screening and
characterization of keratinase from
Bacillus licheniformis isolated from
namakkal poultry farm. Researcher 2
89-96.

Mazotto AM, Coelho RRR, Cedrola
SML, F° de Lima M, Couri S, de
Souza EP and Vermelho AB 2011,
Keratinase  production by three
Bacillus spp. using feather meal and
whole feather as substrate in a
submerged fermentation. Enzyme Res.
(Hindawi Publishing Corporation) p 7
(doi:10.4061/2011/523780).
Meghwanshi GK, Agrawal L, Dutt K
and Saxena RK 2006, Characterization
of 1,3-regiospecific lipases from new
Pseudomonas and Bacillus isolates. J.
Mol. Catal. B: Enzym. 40 127-131.
Saxena RK, Agarwal L and
Meghwanshi GK 2005, Microbial
Diversity: Current perspectives and
potential applications. In: Diversity of
fungal and yeast lipases: present in
future scenario for the 21st century.
(Ed.) Satyanaryana T and Johri BN.
New Delhi: I.LK. International Pvt. Ltd,

pp. 796-814.
Lakshmi PJ, Chitturi CMK and
Lakshmi VvV 2013, Efficient

degradation of feather by keratinase

producing Bacillus sp. Int. J.
Microbiol.  (Hindawi  Publishing
Corporation) p 7

(doi.org/10.1155/2013/608321).

Calvo P, Nelson L and Kloepper JW
2014, Agricultural uses of plant
biostimulants. Plant Soil 383 3-41.
Ertani A, Cavani L, Pizzeghello D,
Brandellero E, Altissimo A, Ciavatta C
and Nardi S 2009, Biostimulant
activity of two protein hydrolyzates in
the growth and nitrogen metabolism of

34.

35.

36.

37.

38.

39.

40.

41.

maize seedlings. J. Plant Nutri. Soil
Sci. 172 237-244.

Nacry P, Bouguyon E, Gojon A 2013,
Nitrogen  acquisition by  roots:
physiological and  developmental
mechanisms ensuring plant adaptation
to a fluctuating resource. Plant Soil
370 1-29.

Stiegler JC, Richardson MD, Karcher
DE, Roberts TL and Norman RJ 2013,
Foliar absorption of various inorganic
and organic nitrogen sources by
creeping bentgrass. Crop Sci. 52 1148-
1152.

Parrado J, Bautista J, Romero EF,
Garci’a-Marti'nez AM, Friaza V and
Tejada M 2008, Production of a carob
enzymatic extract: Potential use as a
biofertilizer. Bioresour Technol. 99
2312-2318.

Schiavon M, Ertani A and Nardi S
2008, Effects of an alfalfa protein
hydrolysate on the gene expression and
activity of enzymes of the tricarboxylic
acid (TCA) cycle and nitrogen
metabolism in Zea mays L. J. Agric.
Food Chem. 56 11800- 11808.

Maini P 2006, The experience of the
first biostimulant, based on amino
acids and  peptides: a  short
retrospective review on the laboratory
researches and the practical results.
Fertilitas Agrorum. 1 29-43.

Riffel A, Lucas F, Heeb P and
Brandelli A 2003, Characterization of
a new keratinolytic bacterium that
completely degrades native
feather keratin. Arch. Microbiol. 179
258-265.

Turk B 2006, Targeting proteases:
successes,  failures and  future
prospects. Nature Rev. 5 785-799.
Gupta R, Beg OQK, Khan S
and Chauhan B 2002, An overview on


https://www.sciencedirect.com/science/article/pii/S096085240700418X#!�

30 Baid et al.

fermentation, downstream processing proteases. Appl. Microbiol. Biotechnol.
and properties of microbial alkaline 60 381-395.



	0TErtani A, Cavani L, Pizzeghello D, Brandellero E, Altissimo A, Ciavatta C and Nardi S 2009, Biostimulant activity of two protein hydrolyzates in the growth and nitrogen metabolism of
	0Tmaize seedlings. J. Plant Nutri. Soil Sci. 172 237-244.

