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ABSTRACT

Keratin azure and feather degradation in soil determines the amount of keratin degradation during the activity
of different fungi in different combinations in soil. The aim of this study is to evaluate degree of feather
degradationin soil by non dermatophytic fungi acting singly and in combination. Fungi frequently occurringin
soil were selected for hen feather and keratin azure degradation in vitro individually and in combination in
different setsin soil. It isconcluded that 20 fungi tested showed feather and keratin azure degradation in culture.
Five selected fungi Acremonium implicatum, Chrysosporium gqueenslandicum, Chrysosporium pannicola,
Malbranchea pulchella and Verticillium lecanii, when used in combination with Chrysosporium
keratinophilum showed feather and keratin azure degradation. Further feather and keratin azure degradation
was monitored in soil when these were used individually and in combination with C. keratinophilumand almost
above 90% degradation was recorded. The determination of amount of keratin degradation in soil by using
individual fungus and fungi in combination is of immense importance in order to find out how much keratinis
degraded in soil. The measurement of feather and keratin azure degradation in soil by using fivefungi singly and

in combination with C. keratinophilum presented here for the first time.
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INTRODUCTION

Keratinrichwagtesintheform of feathersarehighly
availableasby productsof agroindustrial processing.
Increased needsfor energy conserving and recycling
have stimulated the researchesfor aterationsfor the
management of recalcitrant keratinous wastes.
Keratinasesof soil fungi showspotentia useinbiotech-
nological processesinvolvingkeratinhydrolyss. These
enzymesareuseful in processesrelated with biocon-
version of keratinwasteinto feed and fertilizers. Bio-
degradation of intengvely produced anima wasteisnow

viewed asan dternative avenuefor creating aviable
end product. The composting process comprisesmul-
tiplebiochemicd transformationsin which microorgan-
iIsmsgrow in compost materiad. Itisalso closaly con-
nected with theformation of bio filmsinwhich degra-
dationismoreefficient.

Thelarge amount of feathers produced and their
localized accumul ation createaserious disposa prob-
lem leading to environmental pollution. Thefeather
occumulation innaturd settingswith largebird popula
tion suggests the existence of great number of
keratinolytic microorganisms. Chicken feather waste
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CFW ismainly keratinwhichisnot normally degraded
by common proteol ytic enzymes. Thekeratin degrada
tionisaccomplished by the production of keratinase.
Thekeratin degradation in submerged culturesisnow
studied by severd workersusing different fungi and dif-
ferent types of keratinous substrates. There appears
very few determinationswhich showskeratin degrada-
tionin soil and aso methods of keratin degradationin
soil arenot available except that of Wainwright(®. In
natura soil wherekeratin degradation occur microor-
ganismdo not act Singly. A combination of different mi-
croorganism play deciding rolein complete degrada-
tion of keratin making the soil enriched with their end
products.

Withthisinview fungi frequently occurringin soil
were selected for hen feather and keratin azure degra-
dationinvitroindividualy andin combinationin differ-
ent setsin soil. Keratin azure degradation and modified
method using feather degradation in soil determinesthe
amount of keratinduringtheactivity of different fungi in
different combinationsinsoil. Theamof thisstudy isto
evaluate degree of feather degradationin soil andin
submereged cultures of non dermatophytic fungi acting
sangly andincombinétion.

EXPERIMENTAL

Material

Thekeratinophilicfungi wereisolated from soil by
baiting method using festhersasbait. Theseweregrown
and cultured on potato dextrose agar. Feather degra-
dationin submerged cultureswas determined by moni-
toring feather and keratin azurelossand keratinase pro-
duction by using 20 fungi (TABLE 1). Acremonium
implicatum, Chrysosporium queenslandicum, C.
keratinophilum, C. pannicola, Malbranchea
pulchellaand \erticilliumlecanii wereused individu-
aly and in different set with combination of C.
keratinophilum(TABLE 2 & 3).

Keratinasedeter mination

Fungal strainsweretested in submerged culture.
The feathers were cut in to 1-2 cms pieces, washed
and dried. Thefermentation medium wasprepared ac-
cordingto Friedrich et d.'? with somemodifications. It
contained hen feathers 20g, MgSO,.7H,0 0.5g,
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FeSO,.7H,00.01gand ZnSO,.7H,0 0.005g in phos-
phate buffer (0.028 mol, pH 7.8) per liter of medium.
Anaiquateof 50 ml of the solution of minera satsin
thebuffer were pouredinto 250 ml Erlenmeyer flasks.
Funga inoculum was prepared by suspending spores
from thetube of above minera agar dant culturein 15
ml sterilewater. Fiveml of thissuspensonwastakento
inoculate one flask. The flasks in triplicate were
inocubated at 28+2°C for 14 days. Prior to analysis,
thefermentation brothwasfiltered. K eratinase produc-
tionwasmeasured using themethod of Takiuchi etd..
Keratin powder wasincubated with 3.0ml phosphate
buffer (0.028 mol?, pH 7.8) and 2.0 ml culturefiltrates
for 1 hat 30°C in water bath. The enzyme reaction was
stopped by adding 2.0ml of 10% trichloracetic acid
and sampleswere cooled at 4°C for 30 minutes. They
werethen centrifuged for 15 minutesat 10,000gina
refrigerated centrifuge. Theabsorption of the superna-
tant fluied at 280nm was measured spectrophotometri-
cdly. Theblank wastrested in the sameway except for
theaddition of TCA which wasaccomplished before
theenzymereaction. Anincrease of 0.100 absorbance
wastakentoindicate oneunit of enzymatic activity.

Keratin azuredegradation

Microbia degradation of keratin azureinvitroleads
totherelease of bluecolor into themediumwhich can
beeasly measured spectrophotometricaly. Theamount
of dyelost from aknown weight of keratin azurefol-
lowingincubationin soil isdetermined. Keratin azure
(0.01g) was placed between 2 squares of polyster fab-
ric (4x4cms) of mesh size4 um, which exclude soil
animasbut not microorganisms. Theedgesof thema:
teria heat sealed. The mesh bagwasplacedinsidea
plastic photographic slide frame (55cms). The two
halves of thedideframewerethen pressed together in
order to sed them. Slideswith mesh bagswere placed
in 200g of soil in triplicate and incubated in sterile
polythene bags at 20% v/w water content at 28+2°C.
The polythene bagswere closed with elastic so asto
leavesmdll holeto dlow gaseousexchange. Thesewere
aso placed in soil which hasbeen autoclaved on 3 suc-
cessivedaysat 120 |bsfor 30 minutesto act as con-
trols.

Afterincubationin soil thedideframeswerere-
moved and opened and any undegraded, residual kera-
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TABLEL : Feather and keratin azure degradation and
keratinase production by non der matophytic fungi

Ku/ml FL% AL%
Acremonium implicatum 190.2 176 205
Aspergillus quercinus 605 143 64
Aspergillus ustus 60.5 142 6.2
Botryotrichum keratinophilum 1104 20 125
Chaetomium globosum 304 152 75
Chrysosporium gqueenslandicum 160.5 30.5 15.2
Chrysosporium tropicum 924 185 95
Chrysosporium indicum 859 185 78
Curvulariaindica 1404 205 125
Keratinophyton terreum 1187 36.7 20
Malbranchea pulchella 170.2 37.2 165
Penicillium lilacinum 1584 15.8 8
Trichoderma harzianum 603 144 75
Trichoderma hematum 586 133 6.2
Verticillium lecanii 1954 252 222
Chrysosporium keratinophilum 200 75 255
Chrysosporium pannicola 1505 196 226
Chrysosporium crassitunicatum 145 194 142
Chrysosporium sulphureum 804 199 128
Chrysosporium zonatum 655 185 105

Ku/ml=Keratinase, FL%=Feather Loss, AL%= Keratin Azure
Loss

tin azurewasremoved from theins de surface of mesh
bagsand collected. Theresdual substratewas repesat-
edly washed and centrifuged until no further dyere-
leased occurred. Thewater wasthen removed and 10
ml of NaOH (10%w/v) added. Finally the tube was
heated in aboiling water bath until the keratin azure
dissolved when theresultant blue col or was determined
spectrophotometrically at 595 nm, using NaOH as
blank. The0.01g keratin azurewasthen solubilized in
the sameway to determinetheamount of dyeinitially
present in the substratum, so that the amount of dye
lost could becalculated by subtraction.

Feather degradation

In place of keratin azure 200mg of washed and
sterilized hen feathers were also placed in between
squares of polyster fabricin thesimilar manner asde-
scribed earlier for keratin azureand residud undegraded
feather wasremoved and feather degradation wascal-
culated in case of individud fungi andin combination
with C. keratinophilumin soil.

RESULTSAND DISCUSSION

Theresultsof feather degradation and keratin azure
degradation revealed that all the 20 fungi used inthis
study arehighly keratinolytic whichisal so supported
by their keratinase production (TABLE 1-3). C.
ker atinophilum showed maximum keratinase, feather
and keratin azure degradation. A. implicatumwas next
toit and showed 190.2 ku/ml keratinase, 17.6% festher
degradation and 20.5% keratin azure degradation and
eight fungi produced morethan 100ku/ml keratinase.
The minimum keratinase produced was 58.6ku/ml by
Trichoderma hematum. Therest of thefungi showed
morethan 50ku/ml keratinase.

When A. implicatum, C. queenslandicum, V.
lecanii and C. pannicola were grown with C.
ker atinophilumindependently the enhanced keratin
azure degradation wasnoted during 2, 3and 4 weeks
duration. K eratin azure degradation was found maxi-
mum in C. keratinophilum+ V. lecanii set showing
75% keratin azure degradation. Next to it were C.
keratinophilum+ A. implicatumshowing 75% keratin
azuredegradation. C. keratinophilum+ C. pannicola
set showed 60% keratin azure degradation. When al
these 6 fungi were grown intogether the 80% keratin
azure degradation was noted.

Feather and keratin azure degradati on was moni-
tored by thesefungi acting independently upto 4 weeks.
Feather degradation in soil was morethan 90% after 4
weeksin caseof al thesefungi and keratin azure deg-
radation wasa so between 85-100%. Whenthesefungi
were used in combination with C. keratinophilum,
maximum feather degradation, 40.8% was in C.
keratinophilum+ A.implicatumsetin 1 week which
increased up to 97% at he end of 4 weeks. Similarily
keratin azure degradation was 26% at 1 week and 92%
at 4 weeks. However, inrest of the cases 100% fegther
degradation and morethan 95% keratin azuredegra-
dation wasnoted. All thesesix fungi whenusedincom-
bination exhibited 45.8% feather degradation and 22%
keratin azuredegradationin 1 week whichincreased to
100 and 90% respectively in 4 weeks.

The dataon keratin measurements of feather deg-
radation in soil arenot availablehowever, Mushin and
Hadi studied feather degradation by using A. flavus,
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TABLE 2: Feather and keratin azuredegradation in soil by
non der matophyticfungi acting singly

TABLE 3: Feather and keratin azuredegradation in soil by
non der matophyticfungi acting in combination with

Week 1 2 3 4

Week 1 2 3 4

o FL 429 644 88 90.2
Acremonium implicatum

AL 20 40 70 902
) i FL 23.75 68.85 87.25 91.4
Chrysosporium gueenslandicum
AL 15 35 65 855
FL 445 70.2 8875 93.7
Malbranchea pulchella
AL 16 38 70 882
A . FL 13 58 725 926
Verticillium lecanii
AL 22 45 74 924
. . FL 374 605 849 914
Chrysosporium pannicola
AL 22 38 68 85
. . ) FL 215 65 8225937
Chrysosporium keratinophilum
AL 25 45 75 100

Chrysosporium keratinophilum + FL 408 754 92 97

Acremonium implicatum AL 26 45 75 92
Chrysosporium keratinophilum + FL 412 70 89 100
Chrysosporium queenslandicum AL 16 38 70 90
Chrysosporium keratinophilum + FL 30 752 93 100
Malbranchea pulchella AL 15 50 72 95
Chrysosporium keratinophilum + FL 30 752 93 100
Verticillium lecanii AL 15 50 72 95
Chrysosporium keratinophilum + FL 42 804 92.8 100
Chrysosporium pannicola AL 26 60 80 96

FL 458 80.2 96 100

All the fungi
AL 22 48 76 90

FL=Feather L oss%, AL=K eratin Azurel 0ss%

C. pannicola, Microsporum gypseum and Tricho-
phyton mentagrophytes and found that C. pannicola
could be ableto causel5, 45 and 64% degradation of
feather, wool and hair respectively. The degradation
ability of chickenfeathersby Chrysosporiumindicated
that thesefungi arethemost activein degrading feath-
ers. Some non dermatophytic fungi such as Aspergil-
lusflavus showed very large amount of keratinase (781
ku/ml) in 10 daysd3. Theseworkersalsofound Alter-
nariaradicina, Trichurusspiralis, Sachybotrysatra
to produce 374, 278 and 225 ku/ml kerati nase respec-
tively. Marcandes et al.l® isolated Aspergillus,
Acremonium, Alternaria, Beuvaria, Curvularia,
Paecilomycesand Penicilliumwhich wereableto pro-
ducekeratinasewhen feather powder wasas substrate.
Recently non pathogenic Trichodermaatroviridefound
to completely degrade chicken feather(¥.
Itisconcluded that all the 20 fungi tested showed
high keratinase activity and feather and keratin azure
degradation in culture. Five selected fungi A.
implicatum, C. queenslandicum, M, pulchella, V.
lecanii, and C. pannicola when usedin combination
with C. keratinophilumshowed increased feether and
keratin azure. Further feather and keratin azuredegra
dation wasmonitoredin soil when thesewereusedin-
dividualy andin combinationwith C. keratinophilum
amost above 90% degradation was recorded. The

FL=Feather Loss%, AL=Keratin Azure L 0ss%

keratin degradation in soil takes place by not asingle
organism but severd othersareasoinvolvedinthepro-
cess. Thereforeit wasthought that if someactively kera
tin degrading fungi areadded in the processthese may
inhancetheactivity incultureaswell asinsoil. Themea:
surement of feather and keratin azure degradationin
soil by usingfivefungi sngly andincombinationwith C.
ker atinophilum presented herefor thefirst time.
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