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Abstract

Purpose Keratinous wastes are the solid environmental
pollutant generated from poultry farms, slaughterhouses
and barber’s shops. The aim of the present study is the
degradation of keratinous wastes in an eco-friendly way by
biological methods, which should further be helpful to
reduce the wastes and recycled into valuable feed and
fertilizers.

Methods Degradation of keratinous substrates was asses-
sed by highly potent Kkeratinophilic fungi, namely
Chrysosporium queenslandicum TKKASb Apinis and R.G.
Rees. This chicken feather degrading fungal strain previ-
ously isolated and identified by morphological and 18 s
rDNA sequencing in laboratory, was used in the present
study. Ch. queenslandicum was inoculated into the basal
salt medium (BSM) with keratinous substrates for 12 and
24 days at 28 £ 2 °C to observe degradation. The rate of
degradation was expressed as weight loss of keratin sub-
strate over incubation days and pH variation.

Results In this study, Ch. queenslandicum showed maxi-
mum degradation on chicken feathers followed by human
nail clippings, animal hair and human hair. The degrada-
tion rate on chicken feather was 38.40 + 0.80 and
46.40 £ 2.50% after 12 and 24 days, respectively. The
basal salt medium’s pH was increased over incubation
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time. Scanning electron microscopy (SEM) examination
also demonstrated the degradation of chicken feathers.

Conclusions The results suggest that Ch. queenslandicum
possess the potential biotechnological applications which
can be used in the hydrolysis of keratinous waste and
recycling of poultry waste for environmental protection.
The hydrolyzed keratinous material can also be utilized as
the source of fertilizers for plants and feed for animals.
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Introduction

Environmental wastes are originated in enormous amount
from many countries and contain a considerable amount
of protein and carbon compounds (Park and Son 2009).
The keratinous wastes are considered as the environ-
mental pollutants (Werlang and Brandelli 2005; Kumawat
et al. 2016a). Food industry, poultry farm, slaughterhouse,
leather industries and wool industries are constantly pro-
ducing million tons of keratinous wastes. The major
producers include USA, Brazil and China, account for
more than 40 million tons per year (Sharma and Gupta
2016). According to a current report, India’s part alone is
350 million tons (Agrahari and Wadhwa 2010; Sousa
et al. 2015). The keratin-containing wastes are dumped,
buried, used for land filling, or incinerated (Fellahi et al.
2016). These activities cause the soil, water and air pol-
lution. Discarded feathers cause various human ailments,
including chlorosis and fowl cholera (Williams et al.
1991).

Keratin protein is a tough, fibrous and the third most
abundant polymer in the environment after cellulose and
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chitin (Lange et al. 2016). This protein provides an
exoskeleton covering of animals in the form of horns,
hooves, hair, and feathers (Gupta and Nayak 2015). The
mammalian keratin proteins are categorized into two
groups based on their structure and function: (a) hard
keratin and (b) soft keratin (Kakkar et al. 2014). Due to the
strength and stability of keratin protein, very few
microorganisms are able to degrade it down. Keratinophilic
fungi have the capability to decompose the keratinous
wastes with the production of the keratinase enzyme
(Sharma and Rajak 2003; Kumawat et al. 2013; Sharma
et al. 2015a). Soils are the best place for the growth and
incidence of keratinophilic fungi, because of the presence
of organic materials and keratinous substrates (Ulfig 2006;
Sharma et al. 2015b).

Keratin-rich by-products, i.e., chicken feathers, horns
and hooves are the resource of nutrient for animals (amino
acids) and plants (N, S) (Kornillowicz-Kowalska and
Bohacz 2011). The preparation of compost fertilizers from
the keratinous wastes was also abandoned in the European
countries, and from biochemical point of view, the kerati-
nous wastes which contain about 20-25% protein should
represent superior source of nitrogen for plants (Gous-
terova et al. 2003).

Chrysosporium queenslandicum belongs to the family
Onygenaceae and isolated first time from the feathers of
domestic fowl Cunnumala, Southern Queensland, Australia
(Apinis and Rees 1976). Antifungal compound “Queens-
landon”, and antibacterial compounds “chrysoqueen (1)
and chrysolandol (2)” related to members of the dihy-
dronaphthoquinone group was produced by Chrysosporium
queenslandicum TIFM 51121 (Hoshino et al. 2002; Ivanova
et al. 2002).

The focus of this paper is to evaluate the keratinous
waste decomposition by Chrysosporium queenslandicum.
Reduction of keratinous wastes by Ch. queenslandicum
showed the biodegrading potential as well as management
of keratinous wastes. The degraded keratinous wastes can
be used as the source of feed and fertilizers.

Materials and methods
Fungal culture

The fungal culture of Chrysosporium queenslandicum
TKKASD ((GenBank accession number KU560575) was
isolated from poultry farm house soil of Rajasthan by the
hair baiting technique, was earlier confirmed by mor-
phological and 18s rDNA sequencing (molecular charac-
terization) in the laboratory (Kumawat et al. 2016b). The
strain was maintained on Sabouraud’s dextrose agar
(SDA).

’r @ Springer

Degradation of different keratinous waste substrates

The degradation of keratinous substrates (chicken feathers,
human hair, animal hair and human nail clippings) was
assessed at different incubation period, i.e., 12 and 24 days by
weight loss method (Singh 2003). The keratinous substrates
degradation from Chrysosporium queenslandicum was tested
in basal salt medium (NaCl, 0.5; MgCl,-6H,0, 0.1; CaCl,,
0.06; KH,PO,, 0.5; and K,HPO, 0.5; keratinous substrates;
distilled water, 1L; pH 7.0) (Sharma et al. 2012).
Chrysosporium queenslandicum was inoculated into the flask
containing 100 ml of BSM with 250 mg of keratinous sub-
strates, and incubated at 28 °C on an orbital shaking incubator
(Remi CIS-24 Plus) at 70 rpm for 12 and 24 days. A control,
having the keratin substrates without keratinophilic fungal
suspension, was also run along with the test flasks. The
degradation by Chrysosporium queenslandicum was expres-
sed as percentage weight loss of keratinous waste substrates.
The experiment was performed in triplicates.

Determination of percentage of degradation

After the incubations days, the keratinous substrates frag-
ments were collected on preweighed Whatman filter paper
No. 1 and dried at 40 °C for 48 h and weighed for final
weight. The keratin degradation by each keratinophilic
species was expressed as percentage weight loss. The
percent of keratinous substrates degradation was deter-
mined by weight loss method and calculate percentage
weight loss using the following equation (Kim et al. 2001):

Percentage weight loss (%) = (IW — FW) x 100/IW

where IW is the initial weight, FW is the final weight.
pH variation

A clear-cut confirmation to assess the progress of kerati-
nous substrates degradation was obtained by observing the
changes in hydrogen ion concentration of the basal salt
media. Changes in the pH of the BSM after incubation time
were also determined using digital pH meter (Model 181,
Electronics India).

Scanning electron microscopy (SEM)

To characterize the degradation pattern of the chicken
feather degradation by Chrysosporium queenslandicum at
microscopic level, scanning electron microscopy (SEM)
was used. For examination of a degraded chicken feathers
under a scanning electron microscope, the degraded
chicken feather sample from basal salt medium (after
incubation days) was first washed using distilled water,
then treated with acetone for dehydrating followed by air-
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drying. The dried samples were then mounted over the
stubs with double-sided carbon tape. A thin layer of gold
was coated over the samples using an automated sputter
coater QUARUM-Q150AS (Quorum Technologies, UK).
The specimens and preparations were observed using a
scanning electron microscope EVO-18 SEM (Carl Zeiss,
Germany) at an accelerating voltage of 20 kV (Mehta et al.
2014).

Statistical analysis of data

Results are given as mean =+ Standard error (SE) of n
observations taken in three replicates (» = 3). Data obtained
were statistically analyzed with one-way analysis of vari-
ance (ANOVA) and the observations were considered sig-
nificant when P value was less than 0.05 (P < 0.05).

Results

The degradation of various keratinous waste substrates
from Chrysosporium queenslandicum was accessed on the
percent weight loss of substrates during treatment. The
degradation percentage (%) after 12 days of incubation
revealed significant differences (P < 0.05). The percentage
of degradation of chicken feathers, human hair, animal hair
and human nail clippings treated was found to be
38.40 £ 0.80, 08.80 £ 2.12, 13.60 £ 1.06 and
22.40 + 1.44%, respectively, after 12 days of incubation.
The results of feather degradation of Chrysosporium
queenslandicum were shown in figure 1. After 24 days
incubation, the results of keratinous substrates degradation
revealed significant differences (P < 0.05). The percentage
weight loss of chicken feathers, human hair, animal hair
and human nail clippings after 24 days incubation was
46.40 £ 2.50, 22.40 £ 1.74, 19.20 £ 0.40 and
30.80 £ 1.20%, respectively. It was very clear that ker-
atinous waste substrates degradation was highest in sample
subjected to long time incubation (Fig. 1).

In the present study, changes in pH of the culture
medium due to the keratinous substrates degradation pro-
cess were observed after 12 and 24 days of incubation. The
pH of the control cultures did not change during the
incubation periods. Keratinous substrates degradation was
accompanied by alkalization of the culture medium with
elevation of pH from 7.67 and 7.93 for human hair, 7.90
and 7.73 for animal hair, 7.95 and 8.00 for human nail
clippings and 8.11 and 8.16 for chicken feathers, respec-
tively, after 12th and 24th days of incubation (Fig. 2).
Statistical analysis showed a significance difference
(P < 0.05) among tested treatments. Such an alkalinisation
of the medium may be due to excretion of excess nitrogen
via deamination and ammonium excretion.
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Fig. 1 Degradation percentage (%) of keratinous substrates by
Chrysosporium queenslandicum; data means and error bars at each
point indicate £ SE. Statistical analysis showed a significant differ-
ence (P < 0.05) among tested treatments
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Fig. 2 Changes in pH of basal salt medium after keratin degradation
by Chrysosporium queenslandicum; Data means and error bars at
each point indicate £ SE. Statistical analysis showed a significant
difference (P < 0.05) among tested treatments

Keratinous substrates from control flasks showed no
signs of degradation (Fig. 3a). In contrast, keratin sub-
strates from experimental flasks showed varying degrees of
digestion after incubation days (Fig. 3b). Scanning electron
microscopy (SEM) was applied to visualize and confirm
the degradation of chicken feather by Chrysosporium
queenslandicum. Image of micrographs clearly shows the
degradation of chicken feather shaft and barbs and shows
the breakdown and weakening of the chicken feather
structure by Ch. queenslandicum, thus indicating kerati-
nolysis (Fig. 4a). The shaft of feathers with barbs (Fig. 4b)
could be clearly observed in SEM micrographs of un-
inoculated chicken feathers.

Discussion
Keratinophilic fungi are able to colonize different kerati-

nous substrates and decompose them in low molecular
weight (Maruthi et al. 2011). Several keratinophilic fungi
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Fig. 3 Degradation of chicken
feathers; a control chicken
feathers, b degraded chicken
feathers by Chrysosporium
queenslandicum

Fig. 4 Scanning electron
microscopic (SEM) images of
a undigested and b degraded
chicken feathers by
Chrysosporium queenslandicum
at x704

\
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use keratinous substrates as source of carbon and nitrogen
(Gopinath et al. 2015). Keratinous waste degradation in
BSM with microbial cultures is one of the most capable
techniques to utilize keratin protein and to obtain important
by-products (Laba and Rodziewicz 2014). According to
Syed et al. (2009), microbiological degradation of keratin
waste is also an ecologically and economically safe method
of utilization of such waste.

We have isolated and identified a potent keratinophilic
fungus, Chrysosporium queenslandicum. This isolate
showed the degradation of various keratinous substrates.
The present study describes the degradation of various
keratinous substrates in basal salt medium, changes of pH
and scanning electron microscopy. In this study, Ch.
queenslandicum showed maximum degradation on chicken
feathers followed by human nail clippings, animal hair and
human hair after 12 days of incubation. After 24 days of
incubation, Ch. queenslandicum showed maximum degra-
dation on chicken feathers followed by human nail clip-
pings, human hair and animal hair. Muhsin and Hadi
(2002) reported that chicken feather was highly degraded
by Aspergillus flavus (32%). Kumawat et al. (2016a)
observed that the keratinous waste degradation was the
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highest on the chicken feathers (39.2%) and the pH
increased from the initial 7.0-8.15 by colonization of
Arthroderma multifidum.

In the present study, percentage of degradation of
human hair was found to be 08.80 £ 2.12 and
22.40 % 1.74%, after 12 and 24 days, respectively. Muhsin
and Hadi (2002) observed the rate of degradation in which
human hair had the highest degradation rate Chrysospo-
rium pannicola 62% and Microsporum gypseum 48%.
Deshmukh and Verekar (2014) studied that all isolated 13
species viz. Aphanoascus durus, Arthroderma cornicula-
tum, Auxarthron umbrinum, Chrysosporium evolceanui,
Chrysosporium  indicum,  Chrysosporium  tropicum,
Chrysosporium zonatum, Chrysosporium states of Arthro-
derma tuberculatum, Chrysosporium state of Ctenomyces
serratus, Gymnascella dankaliensis, Microsporum gyp-
seum, Myriodontium keratinophilum and Trichophyton
mentagrophytes ~ were  decomposed  human  hair
(18.4-40.2%) after four weeks of incubation.

The degradation percentage for the human nail clippings
was 22.40 £ 1.44 and 30.80 £ 1.20% after 12 and 24 days
incubation, respectively. Oyeka and Gugnani (1998)
reported that Scytalidium hyalinum degraded 40%, whereas
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Scytalidium japonicum degraded 38% of human nail clip-
pings. In the similar research, in another case Fusarium
solani degraded the human nail clippings (43%). Sharma
et al. (2011) studied that Microsporum gypseum (49.34%)
and Trichophyton verrucosum (49.34%) showed the
greatest degradation of animal hair. These keratin sub-
strates exhibited low degradation by Fusarium oxysporum
(16.66%). Bohacz (2017) reported the ability of strains of
Aphanoascus fulvescens and Chrysosporium articulatum
isolated from soil (phaesol) to degrade native feather ker-
atin. According to them, keratinophilic fungi exhibit the
keratinolytic activity against native feather keratin.

In this study, the changes in pH were assessed after the
degradation of keratinous wastes by Ch. queenslandicum.
The pH of the medium-containing keratinous substrates
was increased after 12 and 24 days incubation in the
experimental flask. Kaul and Sumbali (1999) stated that
alkalinisation of the medium may be due to excretion of
excess nitrogen via deamination and ammonium excretion.
Godheja and Shekhar (2014) reported that there was a
gradual increase of pH in to the alkaline phase for feathers
till 25 day incubation during the process of biodegradation.

Scanning electron microscopy (SEM) was employed to
examine structural changes during the chicken feather
degradation. Koutb et al. (2012) reported that the chicken
feathers were completely degraded after 7 days of incu-
bation by Aspergillus niger. Mehta et al. (2014) studied the
scanning electron microscopy of chicken feather degrada-
tion after seven days by Bacillus sonorensis at 8000 x
magnification. Kshetri and Ningthoujam (2016) reported
the degradation of chicken and other bird feathers by
Bacillus sp. MBRL 575. Degradation of feather barbules
was apparent from 12 h of incubation onwards and the
complete degradation (98% weight loss) was observed after
48 h at 30 °C. Scanning electron micrograph of degraded
chicken feather by Bacillus sp. MBRL 575 after 12 and
24 h of incubation were observed by scanning electron
microscope.

Conclusion

The keratinophilic fungus isolate, Chrysosporium queens-
landicum, degraded the various keratinous wastes (chicken
feathers, hairs) effectively and showed the keratinolytic
activity. The keratinous waste degradation by Ch.
queenslandicum is not only economical but also a possible
process for better management of keratinous wastes. The
isolate could be used for biotechnological application in
recycling of poultry waste for environmental protection
(production of nitrogenous fertilizer and animal feed) and
its fermentation broth could be useful in leather industry
and textile industry, etc.
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