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The present investigation was aimed to isolate keratinolytic fungi from poultry
farm soils of Riyadh and to study their ability to produce extracellular keratinase.
Twenty three species from twelve genera were isolated by hair baiting technique. The most
dominant in prevalence was Aspergillus niger (13.1%) followed by Chrysosporium
tropicum (10.7%), A.terreus and Fusarium oxysporum (8.3%) each  respectively. These
isolates were screened for hydrolysis of keratin on solid keratin agar medium. Twelve
fungal isolates showing strong keratinolytic activity were further used to study the
synthesis of keratinase , during degradation of chicken feathers. All the isolates used,
were able to degrade the keratin of chicken feathers producing total proteins and
keratinase. The highest amount of protein was produced by C.tropicum (72.5µg/ml)
followed by F.oxysporum (66.25µg/ml ) and A.nidulans (63.65µg/ml ), whereas  C.tropicum
(26.6KU/ml) produced the highest amount of  keratinase followed by A.nidulans (19.8KU/
ml) and the lowest amount by Alternaria  alternata (8.3KU/ml) .There was a rise in the
pH of the culture medium towards alkalinity. Hence our study not only highlights the
abundance of keratinolytic fungi in poultry soils but  also points at the potential of these
fungi as excellent keratin degraders that can be used to solve the serious feather waste
management problem, by converting them into usable products.
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Today poultry industry is one the most
important, gigantic and profitable sector in the
business world .The poultry processing plant
produces huge amounts of feather waste as by-
products. Feather consist of a tough protein keratin,
which is highly stable, durable and resistant to
degradation; it owes this property to the presence
of  keratin and the complex structural arrangement
which is held by disulphide bridges and cross
linkages1. Feather waste is a serious problem as
environmental pollutant. Traditional ways of
feather disposal like incineration not only needs
large amounts of energy, but is also economically
ineffective. While other physical or chemical

methods of disposal into usable forms, like feather
meal may result in loss of nutritionally essential
amino acids such as methionine, lysine and
tryptophan along with the formation of non-
nutritive amino acids like lysinoalanine and
lanthionine 2,3 . Hence, an important economical
and ecofriendly alternative would be using the
enzyme Keratinase.

Keratinolytic fungi are ubiquitous and
soils which are rich in keratinous materials serve
as their reservoir. They occur in nature mainly in
the form of feathers, hairs, horns, hooves, nails
and other cornified appendages and , constitute
natural baits for these fungi 4. These fungi produce
special class of proteolytic enzymes called as
“Keratinases” which degrade keratin by catalysing
their hydrolysis. Keratinase facilitate
dermatophytes  to invade keratinized appendages
of skin ,hair and nails  causing mycosis. However,
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keratinolytic property has also been reported from
various species of bacteria5, actinomycetes6 and
fungi7, besides dermatophytes8. Keratinase from
fungi has various biotechnological and microbial
applications. They are used in detergent, textile
and leather industry and are utilized in the
production of rare amino acids, like serine, cystiene
and proline. Besides being used in conversion of
feather meals for animal feed, they are also used in
the making of  biodegradable films, glues and
nitrogen fertilizers for plants9. Our study  was aimed
to isolate and screen  poultry farm soils of Riyadh,
Saudi Arabia for the presence of keratinolytic fungi
and further, determine the activity of extracellular
keratinase in the degradation of feathers. To our
knowledge this is the first report concerning,
isolation of keratinolytic fungi from poultry farm
soil samples from Riyadh.

MATERIALS  AND METHODS

Isolation of Keratinolytic Fungi by Hair baiting
technique

Poultry farms, on the outskirts of Riyadh
were chosen for the study. 50gms of farm soil was
collected from superficial layer, at a depth of 3-5
cms . Collection of samples was done in sterile
polythene bags. Keratinolytic  fungi were isolated
using the Vanbreuseghem method10. Sterile Petri
dishes were half filled with thoroughly
homogenised soil samples and, the soil was
moistened with sterile distilled water. It was then
baited with short strands of sterilized defatted
human hair .Strands of human hair were spread
uniformly as baits on the surface of moistened soil
samples. The plates were then incubated at 28±2o

C and then examined daily from day 5 for any fungal
growth over a period of 4 -8 weeks. Five replicates
were set for each sample.

Samples of hair showing fungal growth
were carefully observed, and then aseptically
picked up and cultured on Sabourauds dextrose
agar (SDA, Scharlau Chemie, Spain) supplemented
with chloramphenicol (0.05mg/ml).
Identification

Identification of the purified fungal
isolates was based on the monographs, using
macro - and micro-morphological features 11-13

Preparation of keratin substrate
Chicken feathers were defatted by

soaking them in a mixture of chloroform-methanol
(1:1, v/v) (Sigma Aldrich,USA) ,for 24 hours,
washed finally with glass-distilled water and then
dried in air. Pieces of  feather about 1 cm length
were weighed into portions of 500 mg.
Screening on keratin agar plates

All the fungi isolated from hair baits were
further screened on agar plates following the
method of Wawrzkiewicz  et al 14 .Chicken feathers
were used as source of keratin. Feathers were
dissolved in dimethyl sulphoxide (Sigma
Aldrich,USA) and precipitated with acetone. This
precipitate was added to sterile agar medium, as a
sole source of Carbon and Nitrogen. Keratinolytic
activity of the fungi was detected as a clear zone
around the colony after incubation for 8 days at
room temperature. Diameter of the clear zone was
measured to quantify keratinolytic activity.
Preparation of  mineral medium and spore
suspension.

Mineral medium was used for assay for
keratin degradation with slight modification
(Wawrzkiewicz  et al 14. Di-Potassium hydrogen O-
phosphate-1.500g; Magnesium sulfate-0.050g;
Calcium chloride-0.025g; Ferrous sulfate-0.015g;
Zinc sulfate-0.005g. (Sigma Aldrich,USA) ; Distilled
water-1000ml; Sterile defatted feather -500mg; pH-
7.5. Spore suspension of the fungal isolates was
prepared by adding a 10 ml of sterilized distil water
to 10 days old culture .1 ml of this suspension,
containing 106 - 107 spores, was added as an
inoculum to each flask, containing mineral
medium15.
Submerged cultivation

50 ml of the prepared mineral medium with
500 mg defatted feathers was distributed in 250 ml
Erlenmayer’s  flasks and was sterilized at 121oC for
15 minutes. It was then inoculated aseptically with
1 ml of spore suspension, incubated at 28±1oC in  a
shaker (120 rpm) for a period of 15 days .During
the period , samples were checked daily and the
feather was considered to be degraded when the
pieces of 0.5mm -0.2mm or smaller remained. For
each fungal species, four test flasks and one control
set were maintained .Flasks containing the medium
without inocula served as control. After complete
degradation culture filtrate was collected,
centrifuged at 2000 rpm for 30 minutes, to remove
the spores. The supernatant was filtered through
Whatmans filter paper No 1 . The filtrate so obtained
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was further used to study the biochemical changes
associated with complete biodegradation of
feathers   such as  pH, protein released and
keratinolytic activity.
Determination of pH

The pH of the culture filtrate was
determined using pH meter. (Systronics pH meter).
Estimation of protein

The protein content in the culture filtrate
was determined by the Bradford method16. Bovine
serum Albumin.(Sigma Aldrich,USA)  was used as
standard and the absorbance was read at 595mm.
Determination of Keratinolytic Activity

Keratinolytic activity was assayed by a
modified method of Yu et al., 17 and chicken feathers
were used as substrate. 20 mg of poultry feathers
were cut into 1-3 mm long bits and were suspended
in 3.5ml of Tris-HCl buffer (0.1M, pH7.8) to which
0.2 ml of culture filtrate (enzyme source) was added.
The mixture was kept in a water bath at 37oC for 1
h, after incubation, the assay mixture was dipped
in ice cold water for 10 min and the remaining feather
were filtered out. The optical density of clear mixture
was measured by UV-Visible- Spectrophotometer
at 280nm (Schimadzu,USA) against corresponding
blank that was prepared in the same way, instead
of enzyme solution, buffer was added.
Enzyme Unit

One unit of Keratinolytic activity (KU)
was the amount of enzyme that could liberate
products having an absorbance of 0.1 under the
assay condition18 (1KU=0.100 corrected
absorbance)

RESULTS   AND  DISCUSSION

Isolation of keratinolytic fungi
Twenty three species belonging to twelve

genera were isolated from poultry farm soil by hair
baiting technique. The most dominant in
prevalence was Aspergillus niger (13.1%), followed
Table 1 by Chrysosporium tropicum (10.7%),
A.terreus and Fusarium oxysporum (8.3%) each
respectively. The genus Aspergillus dominated
with five species followed by Chrysosporium
representing 4 species. In a study conducted on
poultry farm soil, a total of 106 filamentous fungi
were isolated these included thirteen species
belonging to four genera viz.Aspergillus,
Alternaria, Curvularia and Penicillium19. Ingle

et al., 20 isolated 14 genera and many non
sporulating forms of fungi from poultry farm soils
of  Nanded, Maharastra and all of them possessed
variable levels of keratinolytic property. Our
findings clearly indicate the richness of the poultry
farm soils with varied non- dermatophytic fungi as
they were isolated from all the sites screened and
most  have  shown considerable keratin degradation
capability on hair baits. This wide array of fungal
isolation could be due to the presence of heavy
loads of keratin waste which is added to soil, from
the poultry birds especially in the form of feathers.
In natural environments these fungi are involved
in recycling of carbon , nitrogen and sulphur of
the keratins21. Hence, the presence and distribution
of these fungi, largely seem to depend on keratin
availability.
Screening for keratinolysis on solid medium

All the fungi isolated from hair baits were
further screened on keratin agar plates. Strong
keratinolytic activity ,with a clear zone between
21-51 mm was shown by 52.2% of the isolates,
where as 30.4% of the fungi possessed  moderate
to weak activity (below 21mm) and 17.4% of the
fungal isolates did not clarify the keratin agar .The
maximum diameter of clear zone was shown by C.
tropicum (62mm), followed by Fusarium sp (50
mm), F.oxysporum (44 mm) and A. nidulans (42mm).
All readings were taken on 8th day. Several
researchers have screened the ability of fungi to
degrade keratin in solid agar and similar mediums3,22

. Fredrich et al., 15 screened 300 fungal strains on
agar plates containing  soluble keratin .They
observed  that 54% of these fungi were able to
hydrolyse the protein by forming a clear zone
around the colonies.
Submerged culture: Changes in pH.

Twelve most active fungal isolates on agar
plates were chosen, to test their ability to degrade
feathers in submerged shaken cultures. All the
strains caused an increase in pH of the culture
medium during keratin degradation, ranging
between 7.8 to 9.5. As the keratinolysis progressed
the pH of the medium increased, it was also
observed that complete degradation caused by
strong keratinolytic fungi, rendered the medium
more alkaline than those which were less
keratinolytic. Hence pH of the medium is a
significant factor that influences the physiology
of a microorganism. It has been stated that a pH of
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7 to 9 supports keratinase production and feather
degradation in most microorganisms 23.  This
increase in pH is due to the ability of keratinolytic
fungi to extract nutrients from substrates and
thereby cause the  release of cysteine, keratinase
and proteins24,25. Additionally, when saprophytic
fungi are grown on keratin substrate, rise in pH
level of the culture medium, is attributed to the
accumulation of ammonium ions during
deamination, as suggested by several
workers17,26,27.

Protein and keratinase released during
keratin degradation All the fungal isolates used in
this study were able to degrade feathers in the
culture medium and consequently release the
protein at the end of experimental period, though
the degradation period and amount of protein
released varied with different fungal isolates. It
was observed that C.tropicum (72.5µg/ml) was able
to release the highest amount of protein  followed
by F.oxysporum, (66.2µg/ml ),A. nidulans( 63.6µg/

ml) and C.indicum (56.4µg /ml)  while the  lowest
was by C. keratinophilum (26.8µg/ml) and
Alternaria alternata (29.7µg/ml) respectively. Our
results are in accordance with several other workers
who have reported that keratinolysis is caused by
both dermatophytes and  non dermatophytic fungi
and have resulted in the release variable amounts
of protein in both stationary and static cultures
28,29. Similarly Kim 30 showed, all the five
Aspergillus  species used in his study were able
to release different amounts of total proteins in the
medium

Highest amount of keratinase was
released by C.tropicum (26.6 KU/ml) and lowest
by A. alternata (8.3 KU/ml). Both A. niger and A.
nidulans caused complete degradation in 5 days
,while Chrysopsorium spp  and other fungi took 7-
10 days . Elaides et al.,31 selected 32 non
dermatophytic fungi to test their ability to produce
keratinase in alkaline submerged shaken cultures.
They reported A. niger, C.cladosporioides,
Metarrhizium anisopliae, Neurospora
tetrasperma were the best producers  with levels
higher than 1.2 U ml-1 keratinase at alkaline pH. Yet
in another study Chrysoporium sp and
Microsporum sp under similar conditions caused
feather decomposition releasing variable amounts
of keratinase32. Several Researchers have shown
Keratinases production by   fungi, such as
C.tropicum33; Alternaria, Chrysopsorium,
Paecilomyces, Penicillium,Curvularia and
several Aspergillus sp 34, 35.

Gupta and Ramnani9, stated that
keratinolytic activity of microorganisms is normally
associated with the production of keratinase,serine
protease or metalloproteases, irrespective of the
microorganisms. The other explanation for variable
amounts of both protein and enzyme found in test

Table 1. Percentage occurrence of keratinolytic fungi
in poultry farm soils on hair baits and  keratinolytic

activity on agar plates

Fungi isolated % clear zone
occurrence diameter (mm)

Acremonium sp 2.4% 12
Alternaria alternata 4.8% 34
Alternaria sp 1.2% 18
Aspergillus flavus 7.1% 37
A.fumigatus 6.0% 28
A.nidulans 4.8% 42
A.niger 13.1% 36
A.terreus 8.3% 25
Aspergillus sp 1.2% 0
Chaetomium globossum 1.2% 0
Chrysosporium indicum 7.1% 38
C.tropicum 10.7% 62
C.keratinophillum 2.4% 28
Chrysopsorium.sp 1.2% 35
Curvularia lunata 2.4% 6
Fusarium oxysporum 8.3% 44
Fusarium sp 2.4% 50
Mucor sp 3.6% 0
Penicillium  chrysogenum 4.8% 2
Penicillium sp 1.2% 16
Paecilomyces sp 2.4% 4
Trichoderma sp 1.2% 12
Verticillium sp 2.4% 0
 100.0%

Fig. 1. Changes in the pH of the medium due to
keratinolysis by fungal isolates.
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medium could be the presence and interaction of
products during keratinolysis. It was stated that
the lower levels of degradation, may be due to
restricted substrate specificity of the enzyme or
removal of some accessory proteins capable of
splitting the disulphide bonds present in the keratin
molecules during the hydrolysis process36.
Therefore the strength of keratinolytic activity
depends on the ability of these fungi to release
soluble sulphur-containing amino acids and
polypeptides into medium37. These amino acids
may enter the protein pool of the fungus, thereby
enhancing its growth and simultaneous keratinase
production24.

Hence, the process of keratinolysis is
complex and has not been understood thoroughly.
The protein keratin offers great resistance to its
degradation due to high mechanical stability
conferred by the cysteine interelinkage making it a
compact molecule and, difficult to break down.
Therefore, capability of filamentous fungi to
degrade keratin may be the result of a combination
of extracellular keratinase, mechanical keratinolysis
(mycelial pressure and/or penetration of the
keratinous substrate), sulphitolysis (reduction of
disulphide bonds by sulphite excreted by mycelia)
and proteolysis9. Enzymatic or chemical reducing
agents in the form of disulfide reductases, sulfite,
thiosulfate or cellular membrane potential may play
a significant role in the degradation of this
insoluble protein, additionally, the initial attack by
keratinases and disulfide reductases may allow
other less specific proteases to act, resulting in an
extensive keratin hydrolysis 27.

CONCLUSION

We can conclude that Poultry farm soils
are rich reservoirs of keratinolytic fungi. These
fungi can be grown on media with feathers as its
sole source of carbon and nitrogen, and degrade
them releasing reasonable amount of enzyme and
protein .Hence, the tremendous amount of  poultry
feather waste which is added as an environmental
pollutant, can be commercially exploited as an
inexpensive substrate resulting in its removal at a
very low cost.

Additionally, it can be converted into
nutritional feed additives. Therefore, further
studies to evaluate the  biotechnological potential
of these fungi ,to convert them into more useful
hydrolysis products are needed. Our study not
only highlights the abundance of keratinolytic
fungi in poultry soils but  also points at the
potential of these fungi as excellent keratin
degraders that can be used in  biotechnology
industry for various purposes .

ACKNOWLEDGMENTS

This research project was supported by
a grant from the “Research Center of the Center for
Female Scientific and Medical Colleges”, Deanship
of Scientific Research, King Saud University.

REFERENCES

1. Onifade A., Al-Sane N. A.,Al-Musalism A.A.,
Al-Zarban S. Potentials for biotechnological

Fig. 3.  Amount of Keratinase KU/ml released during
keratinolysis by different fungal isolates

Fig. 2. Release of protein(µg/ml) during keratinolysis
by different fungal isolates



J PURE APPL MICROBIO, 8(4), AUGUST 2014.

2966 RIZWANA:  BIODEGRADATION OF FEATHERS BY KERATINOLYTIC FUNGI

applications of keratin-degrading
microorganisms and their enzymes for
nutritional improvement of feathers and keratins
as livestock feed resources. Bioresource.
Technol., 1998; 66: 01-11.

2. Dalev P., I. Ivanov A. L. Enzymatic modification
of feather keratin hydrolysates with lysine
aimed at increasing the biological value. J. Sci.
Food. Agric., 1997; 73: 242-244.

3. Saber W.I.A., El Metwally M .M. ,El Hersh
M.S. Keratinase Production and biodegradation
of some Keratinous waste by Alternaria
tennuissima and Aspergillus nidulans.
Res.J.Microbiol., 2010; 5:21-35.

4. Rizwana, H., Amal A.Al Hazzani., Siddiqui.I .
Prevalence of dermatophytes and other
keratinophilic fungi from soils of public parks
and playgrounds of Riyadh, Saudi Arabia. The.
J. Anim. Plant. Sci., 2012; 22: 948-953.

5. Saibabu V., Francois N.N., Sunil S. M.Isolation,
Partial purification and Characterization of
Keratinase from Bacillus megaterium .Intl .Res
J. Boil.Sci., 2013; 2: 13-20

6. Ya-peng C., Fu-hong X., Jing Y., Jing-hua L.,
Shi-jun,Q. Screening for a new Streptomyces strain
capable of efficient keratin degradation. J.
Environ. Sci., 2007; 19:1125–1128

7. Thanaa H.A., Nadia H.A ., Latifa A. M.
Production, Purification and some properties of
extracellular keratinase from feathers-degradation
by Aspergillus oryzae NRLL-447. J .Appl. Sci
Envn .Sanit ., 2010; 6:123-136.

8. Sharma R and Sharma M. Keratinase activity of
dermatophytes and yeast sp for poultry waste
and waste water treatment. Indus. Micro. Envn
.Biol., 2011; 2:19-22

9. Gupta  R., Ramnani PMicrobial Keratinase and
their perspective application: an overview. Appl.
Microbiol. Biotechnol., 2006; 70: 21-33.

10. Vanbreuseghem  R. Technique biologique pour
1’ isolement des dermatophytes du sol. Ann .
Soc. Belge. Med. Trop., 1952; 32:173-8.

11. Van Oorschot, C.A.N.S .A revision of
Chrysosporium and allied genera. Stud. Mycol.,
1980; 20: 1-89.

12. Cano J., Gurrao J.The genus Aphanoascus.
Mycological. Research., 1990; 94: 355-77

13. Rippon J.W. Medical Mycology.The pathogenic
fungi and the pathogenic Actinomycetes.
Philadelphia WB Saunders Company. 1982;  Pp
38.

14. Wawrzkiewicz K., Wolski T.,Lobarzewski J.
Screening the keratinolytic activity of
dermatophytes in vitro .Mycopathologia.,1991;
114:1-8

15. Friedrich  J., Gradisar H., Mandin D.,Chaumont

J.P. Screening fungi for synthesis of keratinolytic
enzymes. Lett. Appl. Microbiol., 1999; 28: 127-
130 .

16. Bradford  M. M. A rapid and sensitive method
for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye
binding. Anal. Biochem., 1976; 72: 248-254.

17. Yu R.J., Harmon S.R., Blank F. Isolation and
purification of an extracellular keratinase of
Trichophyton mentagrophytes .J.Bacteriol.,
1968; 96: 1435-1436.

18. Kavitha  N.S .,Hilda, A.E. Hydrolysis of feather
from different poultry strains by two species
of Aspergillus. Pollution. Res., 2000; 19: 331-
335.

19. Rodrigues M.N., Ledesma C. T., Cirena D.V.
New feather– degrading filamentous fungi.
Microb. Ecol., 2008; 56: 13-17

20. Ingle S.S., Kalyankar V.D., Karadkhele G.M.,
Baig M. M.V.Biodegradation of Poultry feather
by non dermatophytic filamentous Keratinolytic
Fungi. Asian. J. Bio. Biotechnol., 2012; 102: 1-8

21. Kanchana  R .,Divakar  M .Native Feather
degradation by a Keratinophilic Fungus.
Int.J.Chem. Tech .Res. , 2013; 5: 2947-2954

22. Venkataraju N.E and  Divakar G.Screening and
Isolation of Keratinase Producing Bacteria from
Poultry Waste. Int. J. Pharma. Res. Allied Sci.,
2013; 2: 70-74

23. Brandelli  A., Daroit  D.J., Alessandro R.A.
Biochemical features of microbial keratinases
and their production and applications. Appl.
Microbiol. Biotechnol., 2010; 85: 1735-1750.

24. Kaul S and. Sumbali G .Production of
extracellular keratinase by keratinophilic fungal
species in habiting feathers of living poultry birds
(Gallus domesticus ):Acomparison.
Mycopathologia., 2000; 146: 19-24.

25. Muhsin, T. M and Hadi R. B. Degradation of
keratin substrates by fungi isolated from sewage
sludge. Mycopath., 2001; 154: 185-189.

26. Marcondes N.R., Taira C.L., Vandresen D.C.,
Svidzinski T.I.E. ,Kadowaki M.K ., Peralta R.
M. New feather degrading filamentous fungi.
Microb. Ecol., 2008; 56: 13-17.

27. Gippo, N.M.R., Gasparin F.G. M., Costa A. M
., Alexandrino A.M., DeSouza C.G.M.., Peralta
R.M. Influence of the carbon and nitrogen
sources on keratinase production by
Myrothecium verrucaria in submerged and solid
state cultures .J.Ind. Microbiol. Biotechnol.,
2009; 36: 705-711

28. Mukesh, S., Sharma M., Vijay M. R .In vitro
biodegradation of keratin by dermatophytes and
some soil keratinophiles. Afr . J.  Biochem. Res.,
2011; 5: 1-6.



J PURE APPL MICROBIO, 8(4), AUGUST 2014.

2967RIZWANA:  BIODEGRADATION OF FEATHERS BY KERATINOLYTIC FUNGI

29. Umedum C.U., Ugorji I.R., Okoye E.C.,
Egemonye O.C., Obiora S.O. Keratinase Activity
and Biodegradation Properties of
Hyphomycetous Fungi from Fowl Feather. Inter.
J. Agri. Biosci., 2013; 2: 306-309.

30. Kim J. D. Keratinolytic activity of five
Aspergillus species isolated from poultry
farming soil in Korea. Mycobiol., 2003; 31: 157-
161.

31. Eliades L., Cabello M., Voget C., Galarza B.,
Saparrat M.Screening for alkaline keratinolytic
activity in fungi isolated from soils of the
biosphere reserve “Parque Costero del Sur”
(Argentina). World. J.  Microbiol. Biotechnol.,
2010; 26: 2105-2111.

32. Kanchana  R . Utilization of biodegradable
keratin containing wastes by enzymatic
treatment. Int. J. Pharm. Bio. Sci., 2013; 4: (b)
117 -126

33. Maruthi Y. A., Lakshmi K. A., Ramakrishna Rao

S. Chrysosporium tropicum – A potential feather/
hair waste degrading keratinophilic fungi. J.
Environ. Res. Manage., 2011; 2: 014-018.

34. Anitha T.S and Palanivelu P.Production and
characterization of keratinolytic protease(s)
from the fungus, Aspergillus parasiticus. Intl. J.
Res. Biol .Sci., 2012; 2: 87-93

35. Kumar J and. Kushwaha R. K. S. Screening of
fungi efficient in feather degradation and
keratinase production. Arch. Appl. Sci. Res.,
2014; 6: 73-78

36. Singh C.J.Characterization of an extracellular
keratinase of Trichophyton simii and its role in
keratin degradation. Mycopath., 1997; 137:13-
16.

37. Weary P. E., Canby C. M ., Cowley E. P.
Keratinolytic activity of Microsporium canis
and M. gypseum. J. Invest.Dematol., 1965; 44:
300-310.


