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N'anded M ah ar as hl ra, I Yt d i rt

Abslrotl
l'!te poultrt; industry in Maltarashtra State'of Indid Jrcs developed in leaps antl howtds in last

Je;r, dec.ties Tltis had Uia rc ircreas,ed problcm af fealure c:lisposat' Ge'nerally the {ettthers icike

rt,tttJts tutetitr i Ji)r naiural degradation'
..1 systentatic study for the degradali-on and n'tanagement of lhese poultt']j \l;u'!ie llrr?'s

uitclt,rt,kcit Tlie soil ,"r"4*i Trom poulfi, farms were subiecfed b the nticrrthiolo;4it:iil analt'-si's frsr

isolarir.,i; ttf _{e:;rher angria;ng ,nicrbbes. Tile screening of the fungi .isolated.lrom 
the,,sail r;i'1;t-'uitr'''

f ,rnts .f rir s-1:i?Ifts.!is o/ keratinotytic enzymes on feafier based mediu'm tacrs il'r"'ne' Ai the 12 futtgi

isoititcci t.'ir,.t,sr;spor':irort iropicum, C keratinOphil'uttt, Microsporiu'rn canttis' . T'ric:hr''1;h'y'trtn

\.en1"tc0.\ut11,7- eqttinunt and-some nOn SporulatingfOnns were fOund tO be mOst drsntittartl 'l'hese

isctlaieil luntgi shrn|ec) rtppreciable keratinglytic activity. ,4ll the strains exhibited kercttirtttlt'tic tt'1zvn€

irc'Iil if',
'l'!ti.s(. Strilin.s were iut rher use,lfor degradarion offeathers- They u'ere u-\!Ll irl ttti':ttti t''-tllttre'

.4fter Jit rii.tt.s c,f it.tcttbatigi o.f tite feathirs, rhi mixed cultare initially degrade'l titt: .f ectrlt' '-'' ' ' ' '" f';t1

t|lttclt .gt.ari;ti;llt' tiltcreased irri{h incresse in inctrbation periOd- Tlte degrarltitir)r? i1't1'! riplir;tirttt ul 3:

"(-'rril/:iri the i;11 t'uttgt oJ'6-0 to 7-0.

,tiii!eni,r: 5ttii t:rr)',;ecl to be an ideal systent ii ternts of biodeg'adation oitii 1;':tu!i;'"' f"utitci t''osle

1;iL;il,i\. ;1r r;,'17t li,'11.

K{1:t1:6v4s ' 
S:t ttitt.t' feot}t€r Y}as{e, keratinolytic fwngi' degrado'tion

Jttlrrtdltclirrn
C.ncer-ns oyer env:ironmental pollution and degradai<rn of, €cosvstem haYe ;lsslrllieti prillle

sigrific.nce rr\\iruq io increase in the accumulation of was'tes frorn i.ndr-rstries- agricLrhLlre airti lttlttltl'i''

Solirl *atres anti cirernic,als have mainly cansed tlre'land pollution- One oi'lllc rllnitir'Ii'illrtroil

ir|0irlrr,, liis br-rrr the disposal of solid waste rnatel,ials lrorn poultly j'altI llrril r:llirl-r:rl lllilillrrc'

agl i c Lr I I L r r.lt 1 \\ 0 :-it S an d' i nrius{t'ial rvastes'

Arrpipily it.toi'e than 2-0,000'tons of feathers are procluced aS waste L'rl'p6lrlirr'1;ir rllirlg;rrlil

clischar ::rd jlrlo the surrourding environment. l-JugequaBti.{ies of .f,eatlrcrs brirlg aborri sct'itrlrs i}rsposal

problenrs. 'flic fea,thers dischJl-ged into the envirolurrent al:e not ciecorlrpose'cl irlto tl.re roil beeeirse of

,1.," pr.r.,.,." o1'al,r insoluble fibrous protein knolvn as kei.at;,I-r. Microorgarri.'sl'lrs cr)r-rl(l ilirrinrize

requjator, problerns of uncontrolled accurnulation of rvaste f,eathers by degradirlq tlle l<eratin prescllt

#

ut

in leathcr<' 
rnicrofibrils (Prt-rt-txc '\NI) 

(l(lRlrY
liearher-s cor]tain 13 -pleated sheets of keratin twjsted into r

1g-<iA ll: BRLisH l,gTgi,and afe unusually resistant to biological degradation (GooD,qliD Ar'\D

M,lcllAi-_Lrs, ig34. pAnRi et al'., 197'1, UN er al. 1992). A ferv sp€cies o1-lirngi (PLIC!] 195a. 1965,

llue.AL.l,x 1916. 1978) were known to degrade feathers'

Ke ratinolytic actividy has been rcpbfied in rnarry rriicroorgar.risrlrs like aclltlonl\'ce:tes. bactet'ia

antl fiingr (Y.r Plr.\rc 2001 ,' LlN et al. 1992). Ker.alirrases fi'or-n f-ungi harre 1(]1;9 bce| u'ell knoun

(Au.r:ti; 2011). Kelatirrophi,lic fLrngi are a urrique grotlp' these fungi are -qerreritllv 
illl'peri'ect furigi

a,tj ,rc,tber, of 
"s.o,r;.et 

s. Sor-," iftne iungi a1sooccur in tlre plunlage ola le*'species of bircis'

rvherees cil.)ers occllr-on ilre bill, in the lhroal, or in old nests (P{JCI'I 1964, 1965. tiu'arl'i:K ]l976,

197S). l-lre ,nost appropriate site for recovery is pou'ltry larm soil where f-eathels ol bi'rti-s are added

nn,rrinrrr,rrqlv rn rJre- sn-lil- u,hich leadS do enricillnent-Bd$'Bligw grolv'ing ftlngal ior-r:ts Kelat]nol-vticcnirrinl.rsly i0 thqs<ril, rn'hiclr leads to enri
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enzvmes possess major applications in enviro*rneRtal biotechnology ancl phalrnaceirtical intiustries
(A\ il r rA l{) }3)

Materialand Methods
lsolution of kerotolytic fungi
The keratinolytic nature of these fungimakes it possible to isolate thern from soil by irrplanting 5air,
lhe'hail baiting' technique i*itially developedby VANBR.EUSEGHEM (1s4g) rrur r,r"d for isolation oi
thr::e llrrrti T]tr rlrganisnrs user] in the study ]vere a]so iso]ated frorn soi] co]lected fr.or:r yards of
poultry farms at ]'landed, Maharashtra. Fungi were isotated.and e*urnerated by serial dilution methocl
aitcr sruwtlr otr the SDA rpeditrn'l (Sa-botxaud Dextrose Agar). The fungai lsolates r.vere iCenrifiecl
comparing the characteristic -with atreadlr described ones (cuRRAH, I 9s5, I9gsi.
.9ubstrate for enzymatic stutlies

Fe:ather w'aste based medium was,used for isolarion of Fungi and production ol kerarolytic
enz!mes. I)efatted dried feather pieces,were supplemented in sDA mecl,ium.
E n 1-.1' n r e u c t i v i t y* o n r I pr o t e i n el et e rm i n al ion

, Ttie keratolytic activitlr was rnonitored as describe previously (SnNcnL.t AND LIpANDEt-Ll,

]01,r-]. 
I 00 rrl of erlzryn' e extract was addedto 400 prl of 1G mg ml- ] azokerarin in 0. I ivl phosphate pH

8-0.-]-iie reac:tion mixture was incubatedfor l5 rnin at 50bC:and the reaction rvas stopped by aclciition
of,trjt'hioroacetic acid making afinal concentration of l07o (u,/v)- Absorbance rvas recorclecl at 440
rrrn lbilo'ving centrifugatio-n at 1Q000 gfor 5 min One r-rnit of activitlr w.as the amount of enzlrrre rhar
rvas iequired for change of absorbance of O.Gl at 440nm in l5 min at 5C"C. The protein concenrration
u,as nieasurecl bv the Folin phenol reagent rnethod (Lolvnv et al. I g5 1).
Db p r o d ut i o n of fe at h e rs

Feather degrading acti'vity- by the fungal isotates was done using seconclary fearl:ers of
chickens. Tlre feathers r,vere placed in different test,tubes and.lGmL medir.un rvas addec ro eacl.r tube.
'\li itibes \\'ere slerilized at l5 fbs pressurefor 2Smin- a loopfttl of firngai growllr rvas sirsperrced i.
sterilc salirle 'fhe turbridity of the salinesuspension was adjrnted to o.5 MaiFarland starrdard. *,hich
corrcsponci-s to labout'l 50'00sbel}#ml-. Tr,vo drops CIf this suspe*sion (ca. 0. 1 ml-) rver-c placc,cl in a
tcst lirbr tr1'lta'tlrer rl:etlia containing the fbather. Similar'ly ftask c:rperilr-acnt:i wer.e a1:jo cafricd oLri.j0rlri oi-N'lincral rnecliul'nrr'*=po.rr.din'25OmIof'conicalflasks andstei.ilizecl at 15ibs tbr.2{) rrinures
fhectrltttrestrsirensionof 5mlwasinoculatedin-theconicatflaskunderasepticL-()ncliiions. Laterthe
1O[l{t rng feather pieces of for,vf and Broi}er were addec} aseptica}}y in the 1}asks.

[l-'ree replicate were ;ileparet]'frorn troL san)e suspe]rsion Tr-rbes were p]ace<i in :r rack,on a
shir!'er tllai rotated at 175 rpm-and incubated at 5SC. Rlliubes were checked cailV liri.i0 tjar,s. Jlrt:
leatlrr'i u.lts considered to be degraded when pieces 0.5 rnru 2 or srrtalier re rrainej. I r.,. iri,r.l.r..*i."1
charr::cs ;rsst-'ciaied rvilh biod€gradation rvas evaluated b1'anallrzing cultLrrc fiirritte rc,lrri.irlv riLiri.g
ccrirplcre tlc.rradarion oF f-eathers. (EDwARD AND ICHIDA, l9g9)
Qyltrttlr crsndiiions

Tl:c inoculr-rr! was prepared b-v streaking a SDA supplenrentecl rvith ieather piair rvirir cells
fi'oni a slock crrlture of isoiated strain A single colony r.vas tiansferred ro 

.l 
0 r-nl of fcather rrreai [1.e1f1

iiic Lrbatecl at -l0oC *ntil the cell demity reached about I G8 celfs I rpl-. Then I ml rvas transierreci to 5t)0
mi l;rlenmever flasks containing l0O ml of feat]rer keratin broth (.rlashetl- i.vho]e leathers are rrsed
instead ol leaiher rr-reat) and cuhivatedin ashaker at I80 c;*cles1 rnin for ciesired tirrres '[']re cu]tur-e
s rrpe in atants r,ve re use d for assa;rs ofi keratotyti.c aet;vibr.'fhe influence of ten*pdratLtre on growth ind production of protease and sLrbseguent[y, on the
degrarlation of feathers. r-vas stltdied at 259C, 3ffC, 37"C and 4Z'C. Ketatjnase proclLrction r.vas also
invr:sligated irr feather ke;atin::broth with i*itia] pH ad]usecl wirlrin 3.O,to g.0. The cullrvarion was
can.ied crrrt at J0"C. Whend.iffeient protei*-sources \vele usedas srlbstrates- a concentraliort r--f l0 _{r }_I u:ls irseii. repiacing the raw ieathers. All experirnents \vere done in triplicare,

llcs Lrlt-s :int] I)iscu-ssiolr
Degl atlation of ecosystein and environ,mer[ po]]u,ion lras assurled significaiicc ()\\rnu ro

ir,cttltse in iire acctrrnutalion of wastes ftorn,induslries, agrictrttur:e an.d poult11,. Irver_r, 
-ys;1y, -several

tons of't'eaihels are prodr,rced as rvaste by poultr.T fai.nring. Biodegraclation coulci ininirnize res.ularlv
pr-crblerlrs ol unco.ntrpl[q( accrum]ation of v*,,aste f,eathers. The ,r,ulnr. 

"n,',,,.,.)nenr 
nt t-errtre, rc 1,r,.'i,.oftrq}$(accurnltlation of v.''aste feathers. The rnajor colrp.)nL.nr of Ieatlrcr ;s icrarirrY ffi--R.,.'. ,{*-
shri G,,,,, -,lflm}^L-..:r .,

:'#;:?';'f;&S.?ffi8"*:1,, 
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which is an insoluble strllctLlral protein. Keratin is highty resistant to hydrolysis by tveak acids,

alkalis, ethanol or salt soluiiop. The durability of, keratin is due to cross-biriding of closelv packed

polirpeptlde chains in which cystine molecules are heid together by disulphide bonds.

However, the kerationophilic fungi have beerr freq'trently isolated fr-om soil, i,vhere they

colonize various keratrinous substrateq degrade them arid add the tnineral contenl to the soii. The

keratinophilic fungi tlsg.the proteins as a sole source of car,bon and nitrogen. Ker:rtinophilic fLrngal

iorms rernove excess nitrogen througf intensive deamination.and atnm'onia production resLrlting in

aikaline conditions, wbioh,are prevalent during keralinoly,s.is. Metabolism'of sulphur is another o1-key

properties, since keratin is sulphur- rich substrate. The ftr+gi wot*d release the enzymes Keratinases,

* hich would degrade the keratin p disrupting the disulphide bonds.

The ecological relationships.between-birds and feather-degrading ftrngi are poorly studied.

Asrurrg 47O Europea* bilds representing 41 'specics (PUCtl' 1965), ground-foraging spccics had a

rnuch higher incidence of keratinolytic fungi (Arthroderma curreyi, A quadrtficlunt, Chry'cosporium

spp. and Ctenomyces serrattx)'in their pturnage than .did foliage-gleaning insectivores lluBaLEK
(lgi6) exarnined 502 bisds and 367 nests of 9O European species and forrnd that ,4rthrodermct cttt'reyi,

.4 quadrifidum and. Ctettamyces ser'ratrs were most frequent on the plurnage of polyphagor-rs, ground-

foraging birds, whereas Chrysosporiumtrop,icum \,vasmost freqr:ent on the piLirnage and in the nests

olbirds that live in.aquatic.or f,oresthabitats. Keratinolytic microorganisrns occr-tr nrosl ft'equentiy in

rhe plumage of groun&-foraging birds and tess frequently on species that forase above tl.re groirnd,

The iatter species pick up the microorganisms either through their infrequent contact .,vith the gror-rnd

ie g r,r'hen gathering nest rnaterial or dust bathing) or througir contact r.vitlr the aerial spores of bacilli

anrl lungi.
All tlrcidollrirlarlt strains e,rhibited strong keratolytic activity" The selecteri slrains showed

secrerion of e.ltiacqllular keratinase (Figure 1). llowever', there was variation ainong the qirantity of
kcratinases synlhesized by thtise selected strairis- The rraxinrLllli cntyn!c activit-r'u'as sttorvrt tr-Y

Tric'hophyton. dquimtm (75 U/uri) Chrysosporium tropicum ('14 Ulnl), follorved by 'frichopltytort

t.eiritosLoB (6$ Ulrc} Cltrysosporium keratinophilrtm (65 U/ml) a*d i,'|icrc,:;poritnt cttnrtrs. (64

i:lrnl)
\4ost strains tested-for cfegpadalion of feathers shorvs degradation cl litr aiin. A rapid I'csponsc

rvas exhibited by the dominant strains, ho:vever, isolates of keratinof;'tic sirccies shorvecl iitlle
variaiion in degradation of the feathers. keratinCegradaticrnlvas recorded in ztl or ul4 da-\s l'ry rnost ol
tliesc species tested but ,when a. corntrination.alt ttre five strains r,r,as tcstcd thc dcqradzrtic-rn of ftather
was in 210 clays only- Density of grorvth did not appear to be rvell correlatcd u'ith tlie degree of
rlcgraiiation, most of the s{rai*s testedshowed visib}e growth. But, the visual asses-srl.lerlt L)f nlvcelial

l-.r otiLrction was not considered to be inforrnative for the scoring ol degradat iort of f'eatirels ( FicLr!-e 2 ).

The elfect ol'pH on degradation of the feather by selected strains u'as lesteil- l-he rlariinurn
tle.qratjatiorr was rvithirr the pH range of 6 to 7 rvhere as the highu'and io''rcr pl l aiiered the tirne of
degr-aciation- With inthe range 6-7 pH the conrplete degradation of'the ieather loL)k place rvitlrin -14

days by tl-re individual strains. *lowever the combination all the five strains shorveil the clcgradation

rvithin 40 days (Figtrre 3).
Similarfv, the effectof temp-erature ondegradation of the feather by seiected strains rvlls also

stLrdicd. Maxirnunr degradatioa was recorded at'35 "C where as the higher ancl lcrrver tenlpel-atllre

alterecl the tirne of degradation- At35"C the complete clegradation of the leatiter rvzts vvithitt 42 days

by the indiviclual strains but the cornbination all the five strains sho*,ed the tlegr:rdatiorr rvithin 40"

davs (Figure 4).
Thu,s the feather r,vaste r.vas degraded with efficiently trsing selected keratolytic f'ungi alone or

in combination. lt can be concluded that the cuiture of keratolytic frrngi dtre to synergistic eifects

accelerared the biodegradation of the feather waste reducingtlre polltrtion problerl associated with its

ciisposal
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Keratotytic enzyme activity exhibited by selected
strains
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Figure 1 Keratolytic enzyme activity exhibited by selecteci strains
( I Chrysosporiumtropictrm,2 C- keratinophilirrn, 3 Microsporiltt-n cannis,

4 TrichophytonverrucosLtm 5'f. eqtrinLrn )
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Figure 2 Degradationof fea.ther,by var,ious keratcrlytic ltingal stlains
( I Chrysospo.riumtropicum,2 C. kt:ratirruyrh'ilunr,3 lvlicrosporitttn cannts,

4 Trichophytonverftleostun 5'l'. equinurr )
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Effect of pH on de$radation of feathers bv keratolvtic fungi

4.5 55 75

pH

Figure 3 Effect of pH on degradation of feathels by keratolyric fungi
( I C,luysosporium tropictrm,2C. keratinophilurrr, 3 Microsporiurn cannis.

4 Trichophyton veruucosutn 5 T. eqLrinLrur )

Effect tjf te,rnperattrre oh degradation of feathers by keratolytic
fungi
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Figure i Effeci of. tenlerature on Segradatiort of feathers b-t, kera.tolvtic firngi
( l Chrysosporitrntropicurr.r,2 C. keratinoplrilun-r.3 i\1 rcrospolitrrn canr.ris,

4 Tricho;ihyton v€rrucosuin 5 J'. eqirinLrrl )
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