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ABSTRACT

Feathers are composed of beta keratin protein. agilBis strain SAA5 has been isolated from
feather dumping site and used for evaluating thratke substrate as a source of amino acids
along with the production of alkaline protease. fentation using feather as a substrate was
carried out on minimal salt media for 7 days whrelsulted in almost complete degradation of
feather. The optimum conditions for keratinase paihn were temperature 30°C, pH 8.5 and

initial substrate concentration 1%. An increasethie pH of medium was also reported during
the period of fermentation. Rates of feather degtiad and enzyme production maximized
during the logarithmic phase of growth. Maximumyane activity was found to be 6.5 IU/ml on

fifth day. Concentrations of total amino acids, teyse, serine, and methionine were

continuously monitored in the fermentation brothdaached to a maximum of 1.2mg/ml,

46pg/ml, 107pg/ml and 17.52ug/ml respectively
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INTRODUCTION

A total of 5-7 percent weight of mature chicken guises of feathers. Feathers are composed of
beta keratin [9QWwhich is an insoluble protein and has a stablel rigiucture because of several
cross linking disulfide bonds involving cysteineeridtin is also very rich in amino acids like
Leucine and Serine. A number of feather degradpegies of bacteria, actinomycetes and fungi
have been used for the production of keratinasgne@an submerged [17, 2 well as in solid
state fermentation [12]. Most of keratinase enzyifne@m microbial sources are extracellular and
inducible by keratin waste. There are several tspmdicating the enzyme to be an alkaline
protease [1]. The enzyme finds important applicatioleather industry [4]. In current practices
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raw feathers are being utilized for animal feedtigh a high energy input processes. The feather
meal so prepared has very low digestibility andstlavailability of amino acids is low.
Nutritional enhancement can be achieved by relgasie free amino acids from the poorly
digestible protein using feather degrading bactgri&. This report describes the isolation and
characterization of a feather degrading bacteriihe optimum temperature, pH and initial
substrate concentration for achieving maximum keoéttic activity and feather degradation
were determined.

MATERIALS AND METHODS

Isolation and characterizationt Soil samples were collected from the feather dugnites
near Katpadi (Vellore, India). 1 gm of sample waspended in 10 ml of sterilized water and
after diluting to an extent of F0an aliquot of 50 pl was spread on the Luria Ber&gar plate.
For screening of feather degrading bacteria, haitifg technique [13] has been used; instead of
hairs sterilized feathers were used. Single cokmere isolated and then stored on LB agar
slants at 4°C. These colonies were screened forahiity to degrade the feather, directly on the
same media used for fermentation. Extent of feadlegradation in the fermentation media was
observed for each culture. The culture which waswahg the maximum extent of feather
degradation was used for further studies. Morpholgand physiological studies were
performed as per Bergey's Manual of Systematic éBetbgy [7] to characterize the isolated
bacterium.

Substrate: Chicken feathers collected from nearby poultry favere used as substrate. Feathers
were washed with distilled water and subsequeniddn hot air oven at 50°C. After this pre
treatment was done by keeping these feathers orafblm: methanol (1:1) solution for 48 hrs.
These feathers were again dried at 40°C and tloeadsat 4°C for further use.

Media Composition: Media that was used for feather fermentation coedisf 0.5g NaCl, 0.3l
K2HPO4, 0.4 g KH2PO4, 10gm feather per litre otitlesl water [15]. pH was adjusted to 7.5
using 0.1 N NaOH and 0.1 N HCI.

Inoculum: 50 ml of LB broth was inoculated using bacterighnés. After an overnight
incubation, 5 ml of this broth was taken and cénged at 8000 rpm for 10 minutes to pellet
down the bacteria. This pellet was resuspendedninos sterile water which was subsequently
used for inoculating 100 ml of media.

Fermentation Conditions: The fermentation was carried out in 500ml Erlenmdigsks with
100 ml of media. The culture was incubated at 180,130°C for 7 days.

Bacterial Growth: Bacterial growth was determined by plate count meshon LB agar plates
[10].

Feather Degradation: Residual feathers were harvested from the fermientanedia by
filtering it over whatman filter paper 3. The hasted feathers were kept in hot air oven at 50°C
until weight stabilized to constant value. The eliéince between the weight of residual feather

57
Pelagia Research Library



Vuppu Suneethaet al Euro. J. Exp. Bio., 2011, 1(2):56-63

obtained from the control and that of inoculateddimehas been used as measure of feather
degradation. Degradation was expressed in percantag

Keratinase activity: Samples were regularly harvested from the flasktainimg inoculated
media. Biomass was removed by centrifugation a0Q®,rpm for 10 min. The supernatant
obtained was used for determination of enzyme iagtO pl of supernatant and 4 mg of feather
substrate were added to the 760ul of Tris-HCI i 7.5). Reaction was carried out at 37°C
for 1 hr after which assay mixture was left on tbe for 10 minutes to stop the reaction.
Residual substrate was filtered out and absorbaficthe filtrate was measured at 280nm
wavelength. An increase in absorbance value byits as compared to the control was taken
as 1 unit of keratinolytic enzyme [16].

Amino acids: Total amino acid content was estimated at regul@rval in fermentation broth
by Ninhydrin method [11] using Leucine as standdrde concentration of amino acids like
Cysteine [14], Serine [5] and Methionine [6] weltgsoameasured in fermentation broth at regular
intervals.

Effect of pH, Temperature and Substrate concentratin: Effect of initial pH (from 6.5 to
9.5), temperature (from 20°C to 50°C) and substratecentration (1gm/100ml to 5gm/100 ml)
on the extent of feather degradation and maximuratikelytic activity was studied.

RESULTS AND DISCUSSION

Isolation and characterization of organism: Six morphologically different colonies were
obtained. These strains were designated as SAAB2SSAA3, SAA4, SAA5 and SAAG.
Extent of feather degradation was found maximumnmedia inoculated with strain SAAS in
comparison to other strains (data not shown). ISB&A5 was used for further studies.

The results of the morphological and physiologteat [7] as per shown in Table 1, indicate that
bacterium under study is of famiBacillaceae and genus Bacillus.

Table 1 Morphological and Cultural characteristicsof Bacillus SAA5

Morphological characteristics
Form Rods
Spore Endospore forming
Gram Stain Positive
Motility Positive

Cultural Characteristics

Strict Anaerobe Negative
Catalase Positive
Voges-Proskauer Test Positive
Starch Hydrolysis Positive
Nitrate Reduction Positive
Citrate Utilization Positive
Acidity on Glucose utilization Positive
Growth in 7% NacCl Positive

58
Pelagia Research Library



Vuppu Suneethaet al Euro. J. Exp. Bio., 2011, 1(2):56-63

Feather degradation: The Bacillus strain grew well in minimal salt med@antaining feather as
only carbon source and degraded 91 % of featharperiod of 7 days (Fig. 1). Similar results
were reported for other bacterial [18] and fungedias [8]. The pH of medium was continuously
monitored during the course of feather degradatiuh a gradual increase was observed from an
initial value of 7.0 to 8.5 (Fig. 2), which sugge#te possible deamination of peptides and amino
acids resulting in the production of ammonia. Satialization of media was also reported in
case of keratinolytic fungi [8].
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Fig. 1 Time course of feather degradation and ker&ase activity
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Fig. 2 Increase in pH of medium during the ferment#on period
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Keratinase activity: The keratinase activity was detected in the fetaten broth just after
first day of inoculation. Keratinase activity inases rapidly and reaches to its maximum on fifth
day, after that a slow decrease in keratinaseigctisas observed.

Bacterial

growth:

During the fermentation period the bacterial growths studied and it was observed that it
reaches to its maximum of 67 CFU®1I at the end of the log phase of growth on fifidy.
Rates of feather degradation and enzyme produnt@ximized during the logarithmic phase of
growth.

Effect of temperature: Temperature has been found to be having profouiedtedn the extent
of feather degradation and bacterial growth. Degpiad of feather in the media and the
keratinase activity maximize at temperature randiog 30°C to 35°C (Fig 3). Both the extent
of feather degradation and enzyme activity declstesply at high temperature which suggests
the mesophilic nature of Bacillus sp. SAA5. BadllMesophilic bacteria can have important
implications towards the industrial use becausg the not require high energy inputs unlike
thermophilic keratin degrading microorganism [3].
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Fig. 3 Effect of Temperature on Feather degradatiorand Keratinase activity.

Effect of pH: The optimum pH for maximising the feather degramtaind enzyme activity was
determined by growing Bacillus sp. SAA5 in pH rarggifrom 6 to 10. At acidic and neutral pH
both the enzyme activity and the extent of feattegradation were low but at pH higher than
that of 7.5, improvement in the values of these pacameters has been seen. A maximum of
6.87 IU/ml of enzyme activity with about 94% degatidn of feather has been reported at pH
value of 8.5 (Fig 4). Enzyme produced by Bacillgs SAA5 can be classified as alkaline
protease because it achieved maximum activitykaiake pH [1].
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Fig. 4 Effect of pH on the Feather degradation anderatinase activity

Effect of initial substrate concentration: The initial concentration of feather in the medium
affects the extent of feather degradation and kexse activity (Fig. 5). On increasing the feather
concentration the extent of feather degradatiorredses because of a decrease in keratinase
activity. It indicates that at higher substrate @amtration repression of keratinase production can
take place. This observation is similar to previatadies which concluded that a low
concentration of substrate is optimum for yieldmgximum enzyme activity [2].
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Fig. 5 Effect of Initial concentration of feather o Feather degradation and Keratinase activity.
Amino acid release: Total amino acid content and concentrations of eigst serine and
methionine were also observed during the fermemtagieriod. Maximum concentrations of
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cysteine, serine and methionine observed were &4@p@07pg/ml and 17.52pg/ml respectively.
A maximum concentration of 1.2mg/ml was also detgah case of total amino acid (Fig. 6)
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Fig 6 Increase in concentration of Methionine, Cystine, Serine and Total amino acid during the coursef
fermentation
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