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A total of 75 bird feathers and 22 animal hair samples (97 samples) were
processed for invitro degradation of keratin. Both keratinophilic and keratinolytic fungi
were identified and among them, 22 fungal genera were isolated which represented about
27 different species. All the 27 isolates were keratinophilic and among them 12 were
found to have keratinolytic activity. Hen feather samples showed a high incidence of
about 55 fungal isolates, followed by kaadai (Wild chicken) samples with 27 isolates,
rabbit hair samples with 19, turkey and pigeon each with 18 isolates, 12 isolates were
obtained from the goat hair samples, cow hair samples with 5 isolates and cat and dog
hair with 2 isolates respectively. Among the 158 isolated fungal species, the genus
Aspergillus was the found to be predominant. Among them, Aspergillus niger was
predominant with 38 isolates followed by Fusarium spp.  with 19 isolates and
Scopulariopsis spp. was found to be in 11 isolates.
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Keratinophilic fungi are an ecologically
important group of fungi that cycle one of the most
abundant and highly stable animal proteins on
earth. Keratin (from the Greek word means horn) is
tough, fibrous insoluble material provides an outer
coat that serves to prevent the loss of body fluids
from animals. Keratin is one of the proteins of the
family scleroproteins, which are the main
constituents of the hair, nails and horny tissues. It
has disulphide bonds with numerous cross linking.

Due to the strength and stability of keratin very
few organisms are able to break and utilize it. The
biggest group of organism that can utilize keratin
as sole carbon and nitrogen source are the
Keratinophilic fungi (Rahul Sharma et al., 2003).

Hair is not solely made up of keratin and
many keratinophilic fungi grow on natural hair using
the non-keratin lipid fraction of the hair. Therefore,
those fungi that are keratinophilic in nature should
also be keratinolytic and degrade keratin.
Keratinolytic fungi in the soil produced keratinase
enzyme and lead to the degradation of the
keratinized materials such as hides, furs, claws,
nails and horns. Depending upon the origin, the
keratin is always found associated with lipids of
varied nature. These lipids, which can make keratin
resistant to microbial degradation, are utilized as
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nutrients by keratinophilic fungi (Khanam, 2004).
Production of lipolytic enzymes by keratinophilic
fungi is important since they can assist them in
initial colonization of natural keratin which
proteases are acting upon the products of keratin
hydrolysis leading to complete degradation of
hydrolysate into aminoacids (Das and Banerjee,
1977; Kunert, 2000; Baxter and Trotter, 1969; Pugh
and Evans, 1970 and Deshmukh et al.,1981)

Thus, keratin degradation is a
multienzymic process. Earlier studies on the Keratin
hydrolyzing enzymes of the keratinophilic fungi
were mainly aimed to understand their role in
development of mycotic infection in man and
animals (Baxter, 1973 and Snider et al., 1993). Since
the Keratinophilic fungi are soil borne saprophytes
which might habitat on the wild vertebrates and
birds that mainly expose to these types of fungi,
which are able to produce infection in such animals
and birds. Hence, the study of these keratinophilic
fungi paves way to protect (or) save the animals
and birds from the infection and also to take
precautious measure for the contagious diseases
(or) infections from animals to human beings.

The large amount of feathers produced
and their localized accumulation create a serious
disposal problem leading to environmental
pollution. In several countries, industry uses
incineration to dispose of poultry feathers and
related wastes (Deydier et al., 2005). However, this
method has ecological disadvantages in terms of
energy expenditure. A current value-added use for
poultry feathers are their conversion into feather
meal, a digestible dietary protein for animal feed
produced by treating feathers with wet heat
(Morris et al., 1973). Due to a high degree of cross-
linking by disulfide bonds, hydrogen-bonding and
hydrophobic interactions, keratin is resistant to
degradation by common proteolytic enzymes such
as trypsin, pepsin and papain (Williams et al., 1990).
However, in nature, keratins are hydrolyzed by
some microorganisms that synthesize keratinases.
These enzymes have the ability to degrade native
keratin into smaller peptide entities that can
subsequently be absorbed by cells. Keratinolytic
enzymes are widespread in nature and are
elaborated by several microorganisms; most of them
are isolated from poultry wastes. These organisms
include bacteria, actinomycetes and fungi (Gupta
and Ramani, 2006).

This study is an effort to screen out
fungi that are capable of invitro degradation
of keratinous substances like bird feathers and
animals hair. Biochemically, keratin differs from
other proteins in having a higher content of
sulfur containing aminoacids. The disulfide
bonds between these aminoacids make it
resistant to most proteases (Dalev et al., 1994).
The primary objective of this study was to
determine the types of fungi found on the hair
of different domestic animals and birds in
Conoor district, Ooty. This would facilitate to
know the distribution and occurrence of
keratinophilic fungi, which could have a role in
degradation of keratinous material as an
industrial point of view.

MATERIAL AND METHODS

The incidence of keratinophilic and
keratinolytic fungi in animal hairs and bird feather
samples were selected, a total of 97 trunk hair
samples from both animals and birds were collected
from the slaughter houses in Coonoor located at
the Nilgiri district during the month from November
to December 2006. The samples were collected from
the live animals and birds with the help of sterile
forceps and packed in sterile polythene cover to
avoid contamination.
Isolation of keratinophilic fungi
By direct inoculation method

The hair samples were surface sterilized
using 90% alcohol, for 2 minutes. Sabouraud’s
dextrose agar [SDA-Hi media] was prepared and
sterilized for 15 minutes in autoclave at 121°C. At
the hand bearable temperature (50°C), the antibiotic
streptomycin was added and the media were
poured into the petri dishes and left for
solidification. The sterile hair samples were
inoculated such that, one end of the sample was
being inserted into the medium and the other end
was on the surface of the medium. The plates were
than incubated at room temperature for 2-3 days
until the growth occurs. After the appearance of
the fungal growth, macroscopic and microscopic
examinations were made.
Examination of fungal isolates
Macroscopic Examination

The colony morphology of the grown
fungal colonies was observed by the pigment
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production in both front and reverse side of the
plates.
Microscopic Examination
Tease mount preparation

A drop of Lactophenol Cotton Blue stain
[LCB] was placed on the non-greasy, sterile glass
slide. With the help of the teasing needle a tuft of
fungal hyphae/mycelium with the spores were
placed on the slide and the strands of the hyphae
were teased slowly and gently to avoid disruption
of the conidia.
Scotch tape preparation

A piece of scotch tape was wrapped
around a tongue blade with the sticky end exposed
out. The surface of the fungal colony was touched
with the scotch tape’s sticky end and laid it onto
the drop of LCB stain placed on the glass slide.
The end of the tape was wrapped over the end of
the slide without “Scooting” to prevent the
disruption of the conidia. Then, the slide was
observed by low power 10X and high power 45X
objectives.
Hair Bait technique [Ulfig, 2003]

This technique was mainly used to isolate
the keratinophilic and keratinolytic fungi which can
utilize keratinous substrates. Soil is well known to
support the transient or ongoing existence of
keratinophilic fungi and potential sources of
infection for human and animals. The basic
principle of this method was to use the natural
keratin substrate as baits to recover these fungi
from soil. Soil samples were collected in sealed
polythene bags using sterile spatula/spoon. The
hair samples were wrapped in a paper and
autoclaved for 15 minutes at 121°C.
Hair Baiting

Sterile petri dishes were taken and evenly
spread with the soil samples. About 10- 30 pieces
of hair samples were placed onto the soil. The
soils were sprayed with distilled water and
watered regularly in order to avoid drying. The
plates were incubated at the room temperature
until white to brown fungal colonies appeared.
Once the fungal growth appeared, the hair
samples were taken with the fungus growth and
were inoculated onto the SDA medium and
incubated. The colonies were later observed
macroscopically and microscopically and
identified with the help of standard procedure
(Udhaya prakash, 2004; Fisher and Cook, 1988).

Identification of keratinolytic activity
The purpose of investigation of

keratinophilic activity was useful for the
identification and confirmation of keratinolytic
activity of fungi isolated through SDA and HBT
methods. Keratinolytic activity was confirmed by
the degradation of the hair samples inoculated with
isolated fungal cultures. The soil samples used
were of two types, one was an ordinary soil sample
obtained from garden subsoil and the other was
slaughter house waste land soil. The soil samples
were spread evenly on the petri plates and the
sterile hair samples were placed on them. The hair
samples were inoculated with identified fungal
isolates. The soil samples were sprayed with sterile
distilled water without flooding the plate, so as to
wet the surface. The plates were incubated at 25°C
for about 2-5 weeks. Hence, the keratinolytic
activity was identified by the degradation of hair
samples by the inoculated fungal cultures.

RESULTS

A total of 75 bird feathers and 22 animal
hair samples (97 samples) were processed for in-
vitro degradation of keratin. Both keratinophilic
and keratinolytic fungi were identified and among
them, 22 fungal genera were isolated which
represented about 27 different species. All the 27
isolates were keratinophilic and among them 12
were found to have keratinolytic activity (Table 2
and Figure 1).

Out of the 22 fungal genera isolated, 15
were Keratinophilic, 5 were Keratinolytic and 7 were
found to have both kertinophilic and kertinolyitc
activity. The prevalence of fungi in Hen’s feather
samples revealed that Aspergillus niger (25%) was
predominant organism, fungal isolates followed by
Fusarium spp. (17.5%) and Trichoderma spp.
(10%). The remaining includes Acremonium spp.
Alternaria spp. Nigrospora spp. Aspergillus
fumingatus were 7.5%. All other isolates such as
Aspergillus flavus, A. ochraceous, Aureobasidium
spp. Chrysosporium spp. Curvularia spp. were
5% and Cladosporium spp. Scopulariopsis spp.
Epicoccum spp. were about 2.5%.

The prevalence of fungi in Kaadai
feathers revealed that Aspergillus niger and
Scopulariopsis spp. (33.33%) were the most
commonest one, Absidia spp. A. terreus,
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Table 1.

S. Name of the animal No. of Samples Total no. of samples
No collected  collected

Bird feather samples
1 Hen 40 75
2 Wild Chicken ( Kaadai) 15
3 Turkey 10
4 Pigeon 10

Animal hair samples
1 Rabbit 5 22
2 Goat 10
3 Cow 5
4 Cat 1
5 Dog 1
TOTAL 97

Table 2.

S. No Type of the organism isolated No of isolates No of %

1 Keratinophilic fungi (Kp) 15 55.6
2 Keratinolytic fungi (Kl) 5 18.5
3 Keratinophilic and Keratinolytic fungi (Kp and Kl) 7 25.9

Aureobasidium spp. Exophiala spp. Fusarium
spp. Geotrichum spp. Rhizomucor spp.
Syncephalastrum spp. and Torulopsis. were
around 6.6%.

Scopulariopsis  spp.(40%) and
Aspergillus niger (30%) were the most commonest
isolates were recorded in Turkey feathers followed
by Absidia spp. and A. terreus were 20% and other
isolates including Acremonium spp. Alternaria
spp. A. ochraceous, Aureobasidium spp.
Cladosporium spp. Epicoccum spp. and Fusarium
spp. were found to be 10%.

Aspergillus niger (60%) followed by
Aspergillus flavus (20%) were isolated from pigeon
feathers and other organisms including Absidia
spp. Acremonium spp. Aspergillus fumigatus, A.
glaucus, A. ochraceous, Chrysosporium spp. and
Trichoderma spp. were found to be 10%. In Rabbit
feathers, Aspergillus niger and Alternaria spp.
were the commenst isolates were recorded and
Acremonium spp. A. terrnus, Aureobasidium spp.
and Curvularia spp. were occurred minimum per
cent.   Acremonium spp. Alternaria spp.
Aspergillus niger. Fusarium spp. and Rhizopus
spp. were equally occurred in cow hairs (20%).

Aspergillus niger was the predominant fungal
isolate (70%) occurred in goat hairs followed by A.
flavus, A. glaucus, A. ochraceous and
Cladosporium spp. were recorded (10%). In Cat
and Dog hair samples, Alternaria spp. Fusarium
spp. and Exophiala spp. were recorded equally.

The over all distribution of fungi isolates
in animals and birds hair samples revealed that
Aspergillus niger was one of the predominant
organism (38 isolates) followed by Fusarium spp.
(19 isolates) and A. ochraceous (10 isolates). All
other organisms were isolated below 10.

DISCUSSION

Keratinophilic fungi play an important
role in the natural degradation of keratinized
residues (Ali-Shtayeh et al., 2000). Keratins are
the most abundant proteins in epithelial cells of
vertebrates and represent the major constituents
of skin and its appendages such as nail, hair,
feather, and wool. The protein chains are packed
tightly either in α-helix (α-keratins) or in β-sheet
(β-keratins) structures. Keratins are grouped into
hard keratins (feather, hair, hoof and nail) and soft
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Fig. 1.

keratins (skin and callus) according to sulphur
content. (Matikeviciene, 2009).

World-wide poultry processing plants
produce millions of tons of feathers as a waste
product annually, which consists of approximately
90% keratin. Feathers represent 5-7% of the total
weight of mature chickens and they constitute a
sizable waste disposal problem. Treatment of the
feathers with keratin-degrading microorganism may
be a better alternative to dispose the poultry waste
and reduce environmental pollution.

Keratinophilic fungi colonize on various
keratinous fungi colonize on various keratinous
substrates and degrade them to components of
low molecular weight [Hubalek, 2000]. Worldwide,
poultry-processing plants produce millions of tons
of feathers annually as a waste product. Their β-
Keratin content is largely responsible for their high
degree of recalcitrance in degradation processes.
Many Keratinophilic fungi frequently parasitize
keratinous tissues like skin, nails and hair in man
and animals. Keratinophilic fungi are present in
the environment with variable distribution patterns
that depend on the different factors such as human
and or animal presence which are of fundamentals
important [Gugnani, 2000].

In this present investigation, 97 samples
of hair were collected from different animals and
birds. About 56 isolates were obtained, among
which 27 fungi were identified and the remaining
29 were left unidentified. The identified isolates
were Absidia spp. Acremonium spp.
Auneobasidium spp. Alternaria spp., Aspergillus

niger, A. flavus, A. fumingatus, A. ochraceous, A.
glaucus, Curvularia spp., Cladosporium spp.
Collectotrichum spp. Chrysosporium spp.
Epicoccum spp. Exophiala spp. Fusrium spp.
Geotrichum spp. Nigrospora spp. Rhizomucor
Rhizopus spp. Phoma spp. Scopulariopsis spp.
Syncephalastrum spp. Trichoderma spp.
Torulopsis spp. and Aspergillus terreus.

The prevalence of keratinophilic fungi
was significantly higher in bird feather samples
than in the animal hair samples. Increased poultry
operation have resulted in the generation of large
volumes of chicken waste feathers were do not
accumulate in nature (Anil kumar,1995).

In the present study the following isolates
were recorded, such as - Alternaria spp.
Aspergillus niger, A. glaucus, A. flavus, A.
ochraceous, A. fumigatus, A. terreus, Curvularia
spp. Chaetomium spp. Chrysosporium spp.
Exophiala spp. Fusarium spp. Geotrichum spp.
Phoma spp. and Scopulariopsis spp. These are
the numerous non-dermatophytic filament
Keratinophilic fungi belonging to diverse
taxonomic groups. These results were similar to
the results of Gugnani (2000).

Chrysosporium spp. Absidia spp.
Acremonium spp. Aspergillus niger., Aspergillus
terreus, Alternaria spp., Rhizomucor spp.,
Fusarium spp., Scopulariopsis spp.,
Syncephalastrum spp., Colletotrichum spp., and
Curvularia spp., had produced keratinolytic
activity which prelates the result obtained by Ulfig
(2003).

55.6

18.5

25.9

Keratinolytic fungi
(Kl)

Keratinophilic fungi
(Kp)

Keratinophilic &
Keratinolytic fungi

(Kp & Kl)
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CONCLUSION

Keratin is one of the most abundant animal
proteins on earth as it forms a part of the
exoskeleton of reptiles, birds and mammals. Among
the microbes that cycle this protein in nature,
keratinophilic fungi are very common and the most
diverse. During the course of evolution, many of
the soil-associated keratinophilic fungi have
adopted a pathogenic life cycle and are now
potential agents of fungal diseases in humans and
animals. If keratinophilic fungi were not there to
cycle this highly stable protein (keratin), then one
can imagine the quantity of keratin that would have
accumulated on earth, since a vast quantity of
Keratin is shed by the vertebrates. Indian soils
contain many more keratinophilic fungi than those
presently recorded and there is need for further
taxonomic and ecological studies of this interesting
group of organisms.
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