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Abstract: Feathers are rich in aminoacids and can be employed as a dietary protein supplement for animal feed.
Microbial degradation of feathers (keratinase) represents an alternative technology for improving their
nutritional value. The strain Bacillus amyloliquefaciens isolated of poultry processing plant, showed efficient
for application in biotechnological processes. Optimum pH and temperature for the enzyme were 8.0 and 50°C,
respectively. Enzyme activity was significantly inhibited by EDTA (50mM). Strong activation occurred when
the enzyme was incubated with mercaptoethanol (0.1 and 0.5% w/v), resulting in a proteolytic and keratinolytic
relative  activity  of  838  and  197  percent,  respectively.  The  addition  of triton at concentrations of 0.1 and
0.5 percent (w/v) also favored enzyme proteolytic activity, resulting in a 97 percent increase when incubated
in  0.1%  triton  (w/v). The enzyme produced by Bacillus amyoliquefaciens exhibited activity in base pH and
50°C and was active in presence of different metals.
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INTRODUCTION oxygen demand (COD) and total dissolved solids (TDS)

The high consumption of chickens meats generates which is used to depilate the skin during the processing
residues, such as the feathers. When in the environment of the leather. This technology is viable option for its
the deteriorization is slow originating sulphureous effectiveness and the producing effluent with lesser
composites, causing an environmental problem. ambient impact.

An alternative to decrease this pollution is the The keratin is a insoluble protein, its stability is
utilization of feather constitutes that can use as animal caused by a high degree of cross-linkage disulfide and
feed,   preventing   accumulation   in   the  environment hydrogen bonds and hydrophobic interactions and
and the development of some types of pathogens. The therefore the degradation occurs for proteases specify
biotechnological processing of feathers for the (keratinases). The keratinases (EC 3.4.99.11) belong to the
production of feather meal, in contraposition to chemical group of hydrolases that are important for hydrolyzing
processing, present advantages such the preservation of feather, hair, woll, collagen and casein. 
essential amino acids (methionine, lysine, histidine), Although this protein can be produced from fungi
found in sub-excellent levels [1]. and bacteria, the search for bacteria keratinase producer

Other  potential  application  of  keratinase include has been intense, including proteases serine produced by
the use in leather industry. This activity involves a series Bacillus licheniformes PWD-1 [3] and recently a species
of operations, contributing to the major amount of of Flavobacteria [4], Lysobacter and Kocuria [5,6],
pollution. Sodium sulfide, lime and solid wastes generated Vibrio and Chryseobacterium [7].
as a result of pre-tanning are mainly responsible for The  keratinase properties are dependent of
increase biochemical oxygen demand (BOD), chemical producers   microorganism.   In general   serine   protease

[2]. This  segment  comes making use of keratinases,



World J. Agric. Sci., 4 (5): 648-656, 2008

649

are found in several microorganism [8-11]. However Scanning Electron Microscopy (SEM): To prepare
cysteine  protease  and  metallo   protease   were  found specimens for Scanning Electron Microscopy, samples
too [7, 12]. were harvested by centrifugation at 5000g for 10 minutes

Keratinase  stability are influenced by temperature, and fixed 4 hours in a solution containing 2.5% (w/v)
pH and chemical substances. Solvent organic as glutaraldehyde, 2.5 (w/v) paraformaldehyde in 50mM
methanol, ethanol and isopropanol can induce the activity cacodilate  (pH  7.0)  buffer  at  4°C  and  post-fixed  with
of the enzyme, these apparently induce changes in the 1% osmium tetróxide (OsO ). The samples were then
enzyme resulting in great catalytic activity [13]. Inhibition dehydrated with acetoin series and dried at 70°C for
of the enzyme by EDTA was verified by Letourneau et al. evaporation acetoin. The samples were metallized with
[14], resulting in a decrease of 30% in the activity when gold and observed in SEM (MEV DSM940-A).
incubated with 5 and 10mM of this substance, inhibition
by EDTA also occurred with the enzyme produced for Substrate: Chicken feather were supplied by a local
Kokurea rosea, being the inhibition of 14% in presence of poultry processing factory and washed twice with
7.5mM [15]. Strong inhibition was observed with the distilled water. 
enzyme secreted by Microbacterium sp, being that 5mM
resulted in an activity 98% lower [16]. Enzyme  production:  Experiments  was   carried   out  in

In  this  work,  the  keratinase  produced  for  new 500 mL Erlenmeyer flasks containing 100 mL of the usual
strain Bacillus amilolyquefaciens was characterized for culture medium described by Williams et al. [19] - (NH Cl
potential applications in biotechnological processes. 0.05 %, NaCl 0.05 %, K HPO  0.04 %, KH HPO  0.03%,

MATERIALS AND METHODS 3 days at 40°C, 150 rpm. Enzyme free cell were obtained by

Microorganism identification: Bacteria selected were supernatants was used as crude enzyme preparations.
identified  based  on  morphological  and  biochemical The medium studied were: (m/v)
tests [17] comparing the data with standard species and
using an API 20 E (Bio-Meriux). Morphological and Medium 1: NaCl 0.05%, K HPO  0.03%, KH PO  0.04%,
physiological  characteristics  of  the  isolated bacteria MgCl  0.01%, raw feathers 1%, casein 1%
were compared to data from Bergey’s of systematic Medium 2: NaCl 0.05%, K HPO  0.03%, KH PO  0.04%,
bacteriology. The identification was made too by MgCl  0.01%, yeast extract 1%
comparative fatty acids with database to aerobic Medium 3: NaCL 0.05%, K HPO  0.03, KH PO  0.04%,
microorganisms from environmental samples systems MgCl 0.01%, raw feathers 1%, glucose
(TSBA, version 5.0). 50mM

Microorganism: Inoculun preparation and Bacterial MgCl 0.01%, raw feathers 1%, NH4Cl
culture:  The  bacteria   used  in  this  study  was the 50mM.
strain Bacillus amilolyquefaciens isolated of poultry
processing  plant, this   strain  was  selected   among Keratinase activity: Keratinase activity was determined
four    isolates.  A  strain  was  maintained  in   an NA using the  modified method of Bressollier et al. [9].
slant at 4°C until use. For prepare of inoculum, two Keratin azure  (Sigma  Chemical)  was  used as a
millilitres of the 24 h bacterial suspension (12x10  cells/mL) substrate. Samples were  incubated  with  0,013  g of6

growning on a nutrient broth at 35°C and 150 rpm, were keratin  azure  in  800ul  a 50 mM Tris HCl buffer (pH 8.5)
used (2%v/v). at  50°C  for  1  h  with  constant  agitation at 100 rpm.

Growth determination: Bacterial growth was monitored substrate. The supernatant was spectrophotometrically
by measuring the colony- forming units (CFU mL), as measured  at  595  nm  for  the  release  of   the  azo dye.
described  elsewhere  [18].  The  bacterial   suspension All assays were done in triplicate. One unit (U) of
was  diluted  to  10  in  saline  solution.  The samples keratinase  was  defined  as  the amount of enzyme-8

were then homogenized and loaded (1000µl) in triplicate causing  0.01  increase  in absorbance between sample
onto nutrient agar plates, which were incubated at 35°C, and control at 595 nm after one hour under the conditions
for 24 h. given.

4

4

2 4 2 4

MgCl   0.01%,  yeast  extract  1%,  raw  feathers  1%),  for2

centrifugation at 10 000g for 10 min at 20°C and culture
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After incubation the mixture was  filtered to remove the
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Proteolytic Activity: For determination of proteolytic comparing  the  data  with  standard species, the strain
activity was adopted a modified methodology of Mc was identified as Bacillus amyloliquefaciens (Data not
Donald et al. [20]. The assay was carried through 50°C for shown). Samples with 12, 24, 36 and 72 feathers degraded
20 minutes. The supernatant was spectrophotometrically by Bacillus amyloliquefaciens were observed through
measured 700nm. The unit of proteolytic activity was scanning electron microscopy (SEM) – Figure 1. Feather
determined as the amount of protease that liberates the degradation was evident after 24 h of fermentation and
color equivalent 1µg of tirosine/minute. bacteria were closely associated at feather structure. As

Determination of the protein concentration: Protein was observed.
concentration was determined by Lowry et al. [21], Bacillus amyloliquefaciens was grown in a liquid
methodology. Bovine serum albumin was used as a medium in the presence of nitrogen sources and carbon.
standard. The results reveal that small differences in strain growth

Determination of the optimal pH for activity: The optimal 1-4). The proteolytic and keratinolytic activity was
pH for enzyme activity was determined over a range 4-10. influenced  by  the addition of carbohydrates (glucose)
Sodium acetate/acetic (pH 4.0-5.0), Maclvaine (6.0), and nitrogen sources. The addition of casein (1% w/v)
potassium phosphate buffer (7.0), Tris HCl buffer (8.5-9.0) resulted  in  lower enzyme keratinase activity, reaching
and sodium bicarbonate buffer (10.0). The activity 57.0 U/mL at 48 h of fermentation (Figure 2). El-Refai et al.
proteolytic and keratinolytic at the pH 8.0 and 8.5 [22] observed similar results. 
respectively was taken as 100%. Low  keratinolytic  activity  occurred   when  the

Determination of  the optimal temperature for activity: feathers (Figure 3), reaching an activity of 39.6 U/mL after
To determine the optimal temperature for enzyme 48 h of fermentation. El-Naghy et al. [23] found a similar
keratinase, the reactions was carried out at differents result and  El-Refai  et  al. [22] found that feathers as a
temperatures, ranging from 30 to 70°C. The proteolytic sole nutritive source resulted in complete degradation
and keratinolytic activity at the 50°C was taken as 100%. after 2 days in incubation. 

Effect of chemicals on keratinase and protease activity: of the strain as well as proteolityc and keratinolytic
Chemicals were added to the enzyme preparations and activity, resulting in 240.0 µg/mL and 94.25 U/mL,
incubated for 15 min at room temperature before being respectively.  In  experiments  carried  out  by  El-Naghy
tested for proteolytic and keratinolytic activity. The et al. [23] a glucose concentration of 30mM in the culture
chemicals used were: Triton, Tween, DMSO, Isopropanol, medium  had a positive effect, obtaining 105 U/mL.
EDTA and 2-Mercaptoethanol. Studies conducted by Brandelli and Riffel [24] contrast

Effect of ions on keratinase and protease activity: The keratinase enzyme activity, indicating a catabolite
effect of metal ions was investigated using concentrations repression mechanism. Catabolite repression by glucose
of 5 and 10 mM. The enzyme was mixed with different is a well-known control mechanism for the biosynthesis
metal concentrations and pre incubated for 15 min at of microbial proteases.
ambient temperature before assay. The control was done In the present study, the addition of NH Cl (Figure 5)
with enzyme without metals (100%). resulted in cell growth (9.55 CFU/mL) similar to the result

RESULTS AND DISCUSSION In the medium culture described by Williams et al.

Microscopic observation of the isolate revealed keratinolytic activity (370.2 µg and 187.5 U/mL - data not
straight gram positive rods. The bacteria grew aerobically shown). This culture medium was therefore used in the
and formed typical white colonies. Through fatty acids present study.
analysis (Sherlock of Microbial Identification System - Relative proteolityc and keratinolytic activity was
MIDI) were found six possible Bacillus species. Bacillus influenced when incubated in different chemicals and
amyloliquefaciens was confirmed using morphological metal ions. The addition of triton (0.1 and 0.5% v/v)
and biochemical tests [API 20 E (Bio-Merieux)] and resulted  in  greater  proteolytic  and  keratinolytic activity.

72 h, high degradation and microorganism colonization

occurred  when  cultured  in  different  mediums (Medium

strain was cultured in a medium without the addition of

The addition of glucose (50mM) favored the growth

these results, as the addition of glucose (1%) reduced

4

obtained by El-Refai et al. [22] - 9.10 CFU/mL. 

[19], the microorganism exhibits better proteolytic and
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Fig. 1: Scanning electron micrographs of degraded native feathers during growth of Bacillus amyloliquefaciens. A 
12 h (Magnification = 4500x), B 24 h (4000x), C 36 h (3000x), D (2000x) E F 72 h (3000x). Bar 1,75 µm.
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Fig. 2: Effect of medium composition (medium 1) in cell growth and proteolityc and keratinolityc activity of 
Bacillus amyloliquefaciens. Each point represent the mean ±SD on three independent experiments
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Fig. 3: Effect of medium composition (medium 2) in cell growth and proteolityc and keratinolityc activity of 
Bacillus amyloliquefaciens. Each point represent the mean ±SD on three independent experiments
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Fig. 4: Effect of medium composition (medium 3) in cell growth and proteolityc and keratinolityc activity of 
Bacillus amyloliquefaciens. Each point represent the mean ±SD on three independent experiments
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Fig. 5: Effect of medium composition (medium 4) in cell growth and proteolityc and keratinolityc activity of 
Bacillus amyloliquefaciens. Each point represent the mean ±SD on three independent experiments
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Fig. 6: Activity Proteolytic in different pH values. Activity determined at 50ºC. Each point represents the mean ± 
SD on three independent experiments
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Fig. 7: Activity  Keratinolytic  in  different pH values. Activity determined at 50ºC. Each point represents the 
mean ± SD on three independent experiments
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Fig. 8: Activity Proteolytic in different temperatures values. Each point represents the mean ± SD on three 
independent experiments
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Fig. 9: Activity Keratinolytic in different temperatures values. Each point represents the mean ± SD on three 
independent experiments
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When the enzyme was incubated with tween (0.1 and
0.5% v/v), a reduction in proteolytic activity occurred,
whereas keratinolytic activity increased. Giongo et al. [25]
found that the enzyme produced by the Bacillus species
was activated when incubated in 0.5% triton and inhibited
by tween (0.5%).

The  organic  solvent  (DMSO)  caused  a reduction
in enzyme activity when incubated at 5 percent (v/v),
reaching a 15.2 percent decrease in residual keratinolytic
activity.  This  is  in  contrast   to  results  obtained by
Riffel  et  al. [26] in which an 11 percent increase in
activity occurred for the Chryseobacterium sp Kr6
enzyme. Inhibition also occurred when the enzyme was
incubated  with  isopropanol,  with  inhibition reaching
78.8 and 30.5 percent at concentrations of 1 and 5 percent
(v/v), respectively. Significant inhibition was observed
when  EDTA  (a  powerful protease inhibitor) was added
to the culture broth (crude enzyme). Total inhibition
occurred when 50mM of EDTA was used. Thys et al. [16]
observed similar inhibition, when the use of 5mM resulted
in a 98 percent loss in keratinolytic activity.

Mercaptoethanol (0.1 and 0.5% v/v) increased the
proteolityc and keratinolytic activity of Bacillus
amyloliquefaciens. The results were superior to those
obtained by Bockle et al. [8] in which the addition of
mercaptoethanol (0.5% v/v) resulted in relative proteolityc
activity of 103 percent (Table 1).

The enzyme was inhibited by CaCl , MnCl , HgCl2 2 ,

MgCl and CuSO (10 mM) In studying keratinase2 4 .

produced by Streptomyces sp. Letourneau et al. [14]
observed total inhibition by Zn (1mM). Thys et al. [16]
observed inhibition by HgCl . The effect of enzyme2

inhibition by Hg suggests that cisteine is present either in
or near the active site of the enzyme. High inhibition by
Hg also occurred in the present study; the enzyme lost
65.3 and 42.8 percent when incubated in 2 and 10 mM of
Hg,  respectively.  Kumar  et  al. [27] found that the
enzyme secreted by Bacillus sp was strongly inhibited
(96%) when incubated with Hg at 10mM and a 1mM
concentration caused high inhibition (74%). In the
studies, calcium at concentrations of 2.0 and 10mM
exerted  little effect on proteolytic activity, resulting in
75.4 and 77.6 percent, respectively. The addition of Mg
and Mn at concentration of 10mM decrease activity in
63.2 and 62.2 percent. High inhibition of the enzyme
occurred when it was incubated in FeCl  (2mM and3

10mM), reaching 27.6 and 24.8 percent, respectively.
The results obtained suggest that keratinase of

Bacillus amyloliquefaciens belongs to the family of
serine    proteases.    Extreme    values    of    pH   generally

Table 1: Effect of ions, chemical and protease inhibitors on keratinolytic and

proteolytic activity of Bacillus amyloliquefaciens

*Residual *Residual

proteolytic keratinolytic

Substance Concentration activity (%) activity (%)

None (Control) -- 100.0 100.0

Triton 0.1% (v/v) 108.9 197.0

Triton 0.5% (v/v) 134.7 136.5

Tween 0.1% (v/v) 67.3 184.9

Tween 0.5% (v/v) 77.0 115.2

DMSO 1% (v/v) 82.5 66.6

DMSO 5% (v/v) 68.0 84.8

Isopropanol 1% (v/v) 97.9 21.2

Isopropanol 5% (v/v) 68.0 69.5

EDTA 5 mM 47.2 75.1

EDTA 10 mM 32.4 43.9

EDTA 50 mM 0.0 0.0

2-Mercaptoethanol 0.1mM 838.0 197.0

2-Mercaptoethanol 0.5mM 220.0 115.5

CuSO 2mM 78.0 63.34

CuSO 10mM 82.8 51.04

BaCl 2mM 107.2 69.42

BaCl 10mM 75.4 45.02

CaCl 2mM 75.4 59.22

CaCl 10mM 77.6 26.52

HgCl 2mM 117.0 34.7

HgCl 10 mM 115.6 57.2

MnCl 2 mM 108.0 55.12

MnCl 10 mM 89.6 38.82

MgCl 2mM 83.8 51.02

MgCl 10 mM 62.8 36.82

FeCl 2 mM 27.6 63.23

FeCl 10mM 24.8 47.03

*Values are the means of three independent determination and expressed as

a percentage of control (100%)

i nactivate  enzymes,  which  was  evidenced in the
present study.  Optimum pH for proteolytic activity was
8.0. Similar  values  were  found  when  the keratinolytic
activity  was  determined,  reaching  maximum activity at
pH 8.5 (Figure 6).

Riffel [26] discussed the influence of pH on
keratinase enzyme activity, studying this influence with
the pure enzyme and found that activity was lower in acid
pH,  reaching  80 percent lower at pH 6.0 when compared
to  pH  8.0.  In the present study, pH values greater than
8.5  (9.0  and 10.0) resulted in lower activity proteolytic
and keratinolytic. Activity determinations are generally
performed at pH 8.0 or 8.5. In studies conducted by
Oliveira  [28],  keratinase  produced  by  Streptomyces  sp
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was more active at this pH. The author found that 5. Allpress,  J.D.,  G.  Mountain  and  P.C.  Gowland,
keratinolytic activity increased with the increase in pH, 2002.  Production, purification  and  characterization
but decreased at pH 9.0 (20% decrease). of  an extracellular keratinase from Lysobacter

Letourneau et al. [14] obtained a similar result, NCIBM 9497.  Letters  in  Applied  Microbiolology,
demonstrating that enzyme keratinase produced by 34: 337-342.
Streptomyces sp was inactive at pH 5.0. However, unlike 6. Bernal,  C.,  L.  Vidal, E. Valdivieso and N. Coello,
the results obtained in the present study, maximum 2003. Keratinolytic  activity  of  Kocuria rosea.
activity occurred at pH 10.0. Maximum activity of the World  Journal  Microbiology  and  Biotechnology,
enzyme also occurred at pH 10.0 in studies conducted by 19: 255-261.
Bernal   et   al.   [6]   who   studied   keratinase   produced 7. Sangali, S. and A. Brandelli, 2000. Feather Keratin
by   Kokurea  rosea   LPB  3.  Other  enzymes proved hydrolysis by a Vibrio sp. strain Kr2. J. Applied
more  active  in  alkaline  pH,  such  as   those  discussed Microbiology, 89: 735-743.
by  Yamamura et  al.  [29],   El-Refai    et   al.   [22]  and 8. Böckle, B., B. Galunsky and R. Müller, 1995.
Riffel et al. [30]. Characterization of a Serine Proteinase from

The enzyme was active in a range of 50 to 70°C, Streptomyces pactum DMS 40530. Applied and
maintaining 69.3 percent activity at 70°C. When incubated Environmental Microbiology, 3705-3710.
at 30°C, keratinase was less inhibited, maintaining 82 9. Bressollier,  P.,   F.    Letourneau,    M.    Urdaci   and
percent of its activity. Keratinase exhibited optimum B.  Verneuil,  1999. Purification and Characterization
activity at 50°C, which is similar to keratinase isolated of a Keratinolytic Serine Proteinase from
from Bacillus [15,22,31,32]. Streptomyces  albidoflavus.  Applied  and
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