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Abstract

Keratin degrading Aspergillus niger and Penicillium purpurogenum were isolated from soils collected from human hair

dumping ground using skim milk agar screening method. These fungi hydrolyzed skim milk casein indicated by halo

zones of hydrolysis of 62mm and 64mm produced by them respectively. The fungal species also utilized keratin of ground

human hair and chicken feather and hydrolyzed them to reducing sugars and proteins with P. purpurogenum being a

better degrader of chicken feather and human hair producing 13.5 and 12.0 U/ml respectively than A. niger.
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Introduction

Keratinases are enzymes including the large serine or
metallo-proteases which are capable of degrading the
keratinous proteins of all kinds as most of the purified
keratinases known to date cannot completely solubilize
native keratin [1]. The polypeptide of keratin is densely
packed which is strongly stabilized by several hydrogen
bonds and hydrophobic interactions. Furthermore, cross-
linking of protein chains resulted by disulfide bonds in
keratin are also responsible for its high degree of
recalcitrance in degradation processes [2,3].

Keratinous wastes such as human hair and chicken
feather have high protein content, they could be used as a
source of protein and amino acids for animal feed and any
other applications [4]. Microorganisms such as fungi
which produce keratinases may have important use in
hydrolysis of keratin-containing wastes from leather,
poultry and other keratin producing industries. This
represents an attractive alternative method for efficient
bioconversion and improving the nutritional value of
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keratin wastes by developing economically and
environmentally friendly technology [2,5,6]. In the
present study, keratinolytic activity of Aspergillus niger
and Penicillium purpurogenum was assayed using human
hair and chicken feather as keratinous substrates.

Materials and methods

Screening of Fungal Isolates for Proteolytic
Activity Using Skim Milk Agar Medium

Two fungal species, Aspergillus niger and Penicillium
purpurogenum isolated from soil collected from human
hair dumping ground using hair baiting technique were
assayed for proteases production employing agar plates
with skim milk casein, as sole sources of carbon and
nitrogen. Basal salt solution, which contained (gL1)
K2HPO, 0.4; MgS04.7H20 0.05; NaCl 0.01; FeCl30.01, agar
powder, 2% and supplemented with 1% skim milk
powder was employed [7]. The medium was sterilized at
121°C at 15psi for 15mins. The medium was allowed to
cool to 44°C and then dispensed in Petri dishes and were
allowed to solidify. The test fungal species were
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inoculated on the Petri dishes with 5mm mycelia discs
from the edge of actively growing 4-day old cultures. The
plates were incubated at 28+2°C for 7 days. The diameter
of the colonies of the fungi and the diameter of zones of
enzyme activity were measured (mm) in triplicates. These
measurements were used to determine the Relative
Enzyme Activity (REA) of the protease enzyme produced
using the formula:

REA= Diameter of zone of enzyme activity (mm)/
Diameter of the colony (mm).

Fungal Cultivation for Crude Protease and
Keratinase Production Using Liquid Basal
Medium

Fungal cultivation for crude protease and keratinase
production was done using modified method of
Wawrzkrewicz, et al. [8]. Submerged fermentation (SMF)
was performed by inoculating disc of pure cultures of
actively growing A. niger and P. purpurogenum into 100ml
the production medium containing (gL') skim milk
powder (1%) as a sole source of carbon and nitrogen,
K2HPO4 0.4; MgS04.7H,0 0.05; NaCl 0.01; FeCl; 0.01 in
different McCartney bottles. This same procedure was
carried out with production medium supplemented with
ground human hair (1%) and ground chicken feather (1%)
used as Kkeratin sources respectively. The McCartney
bottles were incubated for fifteen days at room
temperature (28+2°C) without agitation. The supernatant
after the mycelia was filtered off served as the crude
enzyme source. The supernatant was assayed for
extracellular proteases (skim milk casein) and keratinases
(human hair and chicken feather). The experiments were
carried out in triplicates

Assay of Keratinolytic Protease

Determination of Proteolytic Activity Using
Skim Milk Casein as Substrate

The modified method of Hankin, et al. [7] was
employed for the assay. The reaction mixture contained
1ml of crude enzyme, 1ml of phosphate buffer, pH 7.0, 1

ml of 1% skim milk casein and 1 ml of 10mM CaCl;. The
reaction tubes were incubated at 37°C for 30mins. The
reaction was stopped by placing the tubes in an ice bath,
followed by filtration after cooling to remove the
substrate. The supernatant was spectrophotometric ally
measured at 280nm. One unit of protease activity was
defined as an increase in absorbency of 0.01 at 280nm
under standard assay conditions. The experiments were
done in triplicates

Determination of Keratinolytic Activity Using
Human Hair and Chicken Feather as Substrates

The assay was done according to modified method of
Hankin, et al. [7]. The reaction mixture contained 1ml of
crude enzyme, 1ml of 1% ground human hair (substrate)
and 1 ml of Glycine- NaOH buffer, pH 9.0. The reaction
tubes were incubated at 37°C for 1hr and the reaction was
stopped by placing the tubes in an ice bath, followed by
filteration after cooling to remove the substrate. The
supernatant was spectrophotometrically measured at 520
nm. One unit of keratinase activity was defined as an
increase in absorbance of 0.01 at 520 nm under standard
assay conditions.

Results and Discussion

Proteolytic Activity of the Test Fungi Using
Skim Milk Casein Agar Medium

The two test fungi were found positive for protease
hydrolysis. Maximum protease activity of 64mm with
Relative Enzyme Activity (REA) of 0.91 was recorded for
Penicillium purpurogenum while the least protease
activity of 62mm with REA of 0.84 was noted for
Aspergillus niger respectively (Table 1). The results of the
zone of clearance of the skim milk agar medium by the
test fungi are shown in Figure 1. The finding of this work
is in agreement with the result of Jain, et al. [9] in which
actinomycetes demonstrated excellent, good, fair and
poor protease activity and that of Kannahi & Ancy [10] in
which Fusarium oxysporum demonstrated higher protease
activity of 33.6% than A. flavus with activity of 19.2%.

Protease activity
S/No Organism Colony (mm) Activity zone (mm) REA
1 A. niger 74 62 0.84
2 P. purpurogenum 70 64 0.91

Table 1: Proteolytic activity of the test fungi using skim milk casein agar medium.
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Figure 1: Proteolytic activity of the test fungi using
skim milk casein agar medium.

Keratinolytic Activity of the Test Fungi Using
1% Skim Milk, Human Hair and Chicken
Feather

The keratinolytic activity of the cell free supernatant
from Aspergillus niger and Penicillium purpurogenum used
to degrade the three substrates, 1% skim milk, human
hair and chicken feather at 37°C, showed that there was
enzyme activity on proteinous and keratinous substrates
used as sole sources of carbon and nitrogen (Figure 2).
The highest activity of 13.5U/ml was observed in chicken
feather, followed by human hair with activity of 12.0U/ml
for P. purpurogenum. Skim milk agar had the least activity
of 11.9U/ml for P. purpurogenum. For A. niger, the highest
activity of 11.8U/ml was observed in chicken feather,
followed by human hair with activity of 10.6U/ml while
skim milk agar had the least activity of 10.0 U/ml. Soomro
& Zardari [11] reported the keratinolytic activity of the
genera Fusarium and the mucorales when grown on
substrates that are rich in keratins.
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Figure 2: Keratinase activity of A. niger and P.
purpurogenum onl% Skim milk Human hair and
Chicken Feather used as substrates.
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Nwadiaro, et al. [12] also reported Keratinolytic
activity in P. purpurogenum isolated from tannery wastes
in Jos, Nigeria. Sunil-Dutt, et al. [13] reported glutaminase
production in P. expansum which is an enzyme that
catalyzes the deamination of L-glutamine to glutamic acid
and ammonia. This is an indication that fungal species
produce array of enzymes which are wused in
pharmaceutical and food industries. In addition, some of
these enzymes are very useful in solving environmental
problems such as that of pollution as these organisms
have been found to play a significant role in the natural
degradation of keratinized residues [14,15].

Keratinolytic fungi have been frequently isolated from
soil, where they colonize various keratinous substrates,
degrade them and add the mineral content to the soil. The
keratinolytic fungi use the proteins in keratins as sole
source of carbon and nitrogen and remove excess
nitrogen through deamination and ammonia production
which are prevalent during keratinolysis [16]. The
authors also reported Kkeratinolytic activity in five
hyphomycetous fungi including Aspergillus oryzae, A.
niger, A. flavus, Trichophyton megninii and Candida species.
These keratinolytic fungi have been recorded from
different parts of the globe [11]. Other reports on keratin
degrading fungi include those of Ugo and ljigbade [17]
which recorded keratinase activity of 14.56 Ku in
Aspergillus niger and 13.18 Ku in Penicillium chrysogenum.
Keratin is sulphur-rich substrate. Keratinolytic fungi
would release the enzyme keratinase that degrade keratin
which then allow them to metabolize the sulphur in
keratin thereby disrupting the disulphide bonds.

These two fungal strains isolated from Nigerian soil
were able to grow on basal media with human hair and
feather meal as their primary source of carbon, nitrogen
and sulphur for their energy. They in turn produced
keratinase that enable them degrade and utilize the
substrates. Hair from hair dressing and barbing salons as
well as feathers from poultry houses cause major
environmental problem in Nigeria. The strains of fungi
used in this study could help in clearing the hair and
feather pollutant from our environment.

During the study on the determination of keratinolytic
activity of the fungi using plate assay, they were found to
grow luxuriantly on the media supplemented with human
hair and chicken feather. It was observed that the
particles of the hair and feather were significantly cleared
indicating that they have been hydrolyzed. This shows
that these strains of A. niger and P. purpurogenum could
be potential dermatophytes. This is the first report of
keratinolytic activity in P. purpurogenum in Nigeria.
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Conclusion 7. Hankin L, Zucker M, Sands DC (1971) Improved solid
medium for the detection and enumeration of
Human hair and chicken feather have constituted pectolytic bacteria. Applied Microbiology 22(2): 205-
serious environmental pollution problems. Keratinolytic 209.
fungi such as the ones used in this study could not only
remove the wastes from the environment but could also 8. Wawarzkiewicz K, Lobarzewski ], Wolski T (1987)
convert the by-products of the biodegradable human hair Intracellular Keratinase of Trichophyton gallinae Med.
and chicken feather substrates to valuable proteins which Myco 25(4): 261-268.
could be used to fortify animal feeds. Research work is on- ) ) )
going on the identification and characterization of the 9. ]alr_l R, Agrawal SC, .]am PF: (2009) Proteolytic
proteins produced by these fungi during hydrolysis of actlnomycetes from Indian habitats. Journal of culture
keratin substrates. collections 6(1): 28-37.
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