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Utilization of Keratinolytic Lichtheimia corymbifera AS1
for Degradation of Cattle Hoove – a Slaughter House
Waste to Use in Plant Growth
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Abstract: In this study, four keratinolytic fungi were isolated from soil. Amongst that one was
producing much keratinase, it was identified as Lichtheimia corymbifera AS1. The organism was
capable of producing keratinase (11.8 U/mL) and also of capable degrading 96 % of cattle hooves, a
waste obtained from slaughter house in 60 days. The hydrolysate of the hooves degraded medium was
used to check its role in seed germination and plant growth. The hydrolysate was found to have much
positive influence over the plant growth. Thus, it is helping in degrading waste and helpful for plant
growth.
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1. Introduction
Wastes are becoming a major problem all over the world, and they largely contaminate
water bodies and land [1-4]. Keratin waste is wasted obtained from slaughterhouses, poultry
wastes etc.; it has to be treated before exposure to environment [5,6]. Keratins are mostly not
soluble in organic solvents including water, weak acids and alkali and resilient to papain and
other types of proteases [7]. Korniłłowicz-Kowalska and Bohacz [5] reported that keratins are
highly specialized fibrous structural proteins that belong to the superfamily of scleroproteins
and are synthesized inside epithelial cells of higher vertebrates and humans. Keratins is
different from other structural proteins as it contains more cysteine. Keratin is tough, an outer
coat of fibrous insoluble material that serves to prevent the loss of body fluids from animals.
Keratin has plentiful cross linking of disulphide bonds [8] and it is naturally occurring protein
and abundantly present in hairs, nails, wools, horns, scales, beaks, feathers, hooves, claws and
of epithelial cells in the outermost layer of the skin [9].
Keratinases (EC 3.4.21) that can specifically degrade keratin substrates. Keratinase
enzyme belongs to hydrolase, metalloproteins and efficient proteolytic enzymes [10]. Insoluble
keratinous materials can be degraded by microorganism which produces keratinase enzymes
[11]. Most of disease causing and non pathogenic organisms produce keratinases which include
fungi and actinomycetes [12,13]. The most abundant and highly stable animal proteins on earth
are keratin that is recycled by soil Keratinophilic fungi [14].
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Many of the keratinases isolated from Bacillus and Streptomyces sp. have been
recognized as subtilisin like proteases [7,14]. Keratinase releases simple amino acids, short
peptides and proteins on hydrolysis of the keratinaceous substance [15]. Two alkaline
keratinases of Bacillus halodurans PPKS-2 were purified and characterized by Prakash et al
[16]. Three keratin specific enzymes of feather isolated Stenotrophomonas maltophilia
BBE11-1 were characterized which was cultivated in keratin rich mineral medium. The most
vigorous degradation process of keratin and also have the greatest ability to denature the
polypeptide chains was found in Fusarium sp 1A [17]. Purpureocillium lilacinum a producer
of keratinase has the ability to kill plant parasitic nematodes [18]. Microbial keratinases
enzyme has been a huge application potential in tanneries and textile industries [19-21].
The tip of a toe of an ungulate mammal, strengthened by a solid horny, covering is
called hooves. Even toed ungulates mammals have an even number of digits are named as
Artiodactyls, they are the largest group of mammal. For example cattle, goats. sheep deer and
bison. Hooves obtained from slaughter house lead to environment pollution [22]. The strange
problem that was present in the reutilization of keratinous wastes of horn / hooves is it cannot
be readily digested by any chemical or enzyme treatment [23]. The establishment of
microbiological processes for the hydrolysis of these keratinous waste materials under
industrially implementable production conditions to obtain high protein feed ingredients. The
key goal of this work is to screen and isolate keratinolytic fungi from soil and to evaluate
hooves degradation in pot study. The hydrolysates of hooves were also used for plant growth
promotion.
2. Materials and Methods
2.1. Materials used.

All chemicals and reagents required for the experimental works were of an analytical
grade. All the growth media and reagents were purchased from HiMedia Chemicals, India.
Hooves were collected from slaughter house, Melapalayam, Tirunelveli, Tamil Nadu, India.
2.2. Collection of hooves and isolation of fungi.

Hooves were cleaned, washed with distilled water and shadow dried. Pieces were
buried under garden soil up to 10 cm depth. After one month, buried hooves were collected in
sterile sealed containers, from which to isolate indigenous keratinolytic fungi. Buried hooves
were washed with 50 % acetone except for the region of mycelial growth and they were placed
on Petri plates containing Rose Bengal agar medium, then incubated at 37 0C for 5 days. Every
individual colonies were carefully streaked on Rose Bengal agar plates, incubated for 2 days
and that culture was used for further screening of proteolytic activity.
2.3. Production of keratinase enzymes by submerged cultivation.

1 – 2 mm sized cut dried hooves were defatted using CHCl3: CH30H (1:1) for 30 min
at 37 °C [24]. Then, they were immersed with detergent up to 16 h at 42 °C, followed with
washing for five times in distilled water and dried in hot air oven at 60 °C for 48h. The
cultivation medium was prepared according to the method of Bhange et al [25] with some
modifications and contained small pieces of hooves (15 g / L), K2HPO4 (1.5 g / L),
MgSO4·7H2O (0.05 g/L), CaCl2 (0.025 g/L), FeSO4·7H2O (0.015 g/L) and ZnSO4 (0.005 g/L).
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100 mL of the above medium was taken in Erlenmeyer flasks (250 mL) and autoclaved. The
inoculum was prepared by suspending spores from Rose Bengal medium in 10ml of Tween 80
(0.1%) (v/v). Then, 1 mL of this suspension containing 106 –107 spores was inoculated into the
experimental flask. Control flask without fungal inoculum was also maintained. All the flasks
were shaker incubator for 5 days with 120 rpm and 30 °C. After this period of incubation,
culture medium was centrifuged at 10000 rpm and supernatant was checked for keratinolytic
activity.
2.4. Screening of proteolytic activity of fungal isolates.

The proteolytic activity was screened by using sterile skimmed milk agar medium. Size
of 1 mm diameter well was made on the surface of skimmed milk plates. 20 µL of culture
supernatant was poured into the well, incubated for 24 h at 37 0C. Culture was centrifuged and
the supernatant was checked for the highest zone of clearance, the organism which showed the
highest zone of clearance was selected for further study.
2.5. Keratinase assay.

Keratinolytic activity was concluded as follows. Keratin powder (20 mg) mixed in TrisHCl buffer (100mM, pH7.8; 3.8ml) was incubated with above obtained crude enzymatic extract
(0.2 ml) for 1h at 37 °C. after incubation, the samples were kept at 4 °C for 10 min and then
centrifuged for 10 min at 10,000 rpm at 4°C. The absorbance of the supernatant at 280 nm was
measured by spectrophotometry against a blank. Unit of enzyme activity was determined as
prescribed [26].
2.6. Identification of isolated fungi.

The highest enzyme producing fungi was further used in this study. To visualize fungal
morphology, the isolated fungi were stained with Lactophenol cotton blue and observed it
under microscope. Fungal DNA was isolated [27], further purified by isoamyl alcohol:
chloroform
and
amplified
with
forward
and
reverse
primers
ITS1
5’TCCGTAGGTGAACCTGCGG 3’ and ITS4 5’TCCTCCGCTTATTGATATGC3’
respectively. PCR was done with the condition prescribed by Martin and Rygiewicz [28]. The
obtained amplified product was sequenced (ABI 3730xl sequencer, Applied Biosystems). The
sequence was submitted in GenBank.
2.7. Degradation of hooves in the liquid medium.

The hooves were sterilized with chloroform methanol (1:1, v/v) and washed with
distilled water. They were sundried, ground with mixer to obtain coarse powder. It was further
used for assay of keratinolytic activity. 10 % (v/v) hooves in the form of coarse pieces added
in the medium containing (g / 100mL) - KH2PO4-0.07, K2HPO4-0.03, MgSO4.5H2O-0.05,
FeSO2.H2O-0.001, ZnSO4-0.0001, and MnCl2-0.0001 at a pH 8.5. The medium was sterilized.
The selected fungus was inoculated into the medium and incubated on rotating shaker of 150
rpm at 25 0C upto 6th months. A set of fungal uninoculated flasks was maintained as control.
During the incubation period, 5 mL medium was collected at regular time interval inside
laminar chamber and it was centrifuged, supernatant was determined for keratinolytic activity
by measuring sulpholysis due to the degradation of keratin.
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2.8. Determination of sulphate.

Sulphate was determined by following the method of Morante [29]. Here standard
graph was made having standard solution of Na2SO4 where the reaction was as follows – 5mL
of sample (culture supernatant) was added with BaCl2 - 1 g, 2 mL of gum Acacia (0.25% w/v)
and it was made to 25 ml using Milli Q water. Kept undisturbed for 15 min and then read at
470 nm.
2.9. Degradation of hooves by pot method.

Two pots with size of 45 cm x 12 cm were used for hooves degradation study. Seven
pots were taken and spread with the sterile soil (packed and autoclaved garden soil) evenly into
the pot. About 52.3 g hooves were buried into the soil under the depth of 30 cm. Experimental
pot was inoculated with isolated keratinolytic fungi of spore suspensions of 2 x 10 8 from 5
days old inoculum. Pot without fungal inoculation serves as control. The pots were covered
and incubated at room temperature for 6 months. Both the pots were regularly sprayed with
sterile water with the purpose of maintaining the moisture content of pot soil. Every month
hooves sample from one pot was taken out and measured for the hooves weight (g). Degree of
degradation of buried hooves samples (DD)was calculated as follows DD (%) = (Initial Weight- Loss of Weight). X 100
Initial weight
2.10. Growth promotion assays of plant using hooves hydrolysates.
2.10.1. Seed germination assay.

Ability of hydrolysates of hooves to promote seed germination was studied by standard
seed germination assay. High quality Vigna mungo L seeds were purchased from Agriculture
University, Vallanadu, Thoothukudi. Surface sterilization Vigna mungo L seeds were done
with sodium hypochlorite (1.0 % v/v) for 10 min. Then seeds were washed with sterile distilled
water and dried. Two sets with thirty seeds each were incubated with 10 mL of sterilized broth
and hooves hydrolysates respectively for 4h at room temperature. Different sets of treated
seeds were sown in different pots and watered it regularly at 37°C in the dark. Daily
observation of seeds germination was done up to 3 days. The number of seeds germinated was
tabulated and calculated the percentage of germination for each treatment.
2.10.2. Effect of hooves hydrolysate on the growth of Vigna mungo L plant.

Vigna mungo L seeds were surface sterilized by immersing in 70 % ethanol for 5 min
and washed twice with water, following that they were immersed in 1.0 % sodium hypochlorite
for 10 min followed by three washes with sterile water. Seeds were soaked in water for 4 days
at 28 °C in the dark room. Then, 10 germinated seeds/pot was transferred. The entire set up
was placed on a green house at 25 °C with enough photoperiod. During the experiment, one
pot was acting as control where it was irrigated with water alone and the experimental pot was
irrigated along with hooves hydrolysate three times/ day for 15 days. After 15 days, all pots
were irrigated with distilled water regularly. After 21 days, the plants were carefully uprooted
from the pots and the root surface was cleaned carefully with water. Root length, shoot length,
weight of plant and number of internode were recorded.
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3. Results and Discussion
After one month, buried hooves samples were taken for keratinolytic fungal isolation.
Four different fungi morphology was observed on the Rose Bengal Agar Medium. Fungi I
showed white cottony growth, Fungi II showed green cottony growth, Fungi III showed black
mycelial morphology and Fungi IV showed light green mycelial morphology. They were
isolated from the buried hooves sample (Fig.1). After that, proteolytic activity of these fungi
was analyzed.

Figure 1. Fungi isolated from soil a) HDF1 b) HDF2 c) HDF3 d) HDF4.

Table 1 Zone of clearance of culture supernatant of isolated fungi on Skim Milk Agar
Medium Among the four fungi, HDF1 (60 mm) and HDF4 (39 mm) showed greatest zone of
clearance around the well of Skim Milk Agar Medium. They were selected for the production
of keratinase enzymes. Santos et al. [12] reported that several pathogenic and non pathogenic
keratinolytic species belonging to fungi. Normally keratinous rich soil induces the growth and
occurrence of keratinophilic fungi [30].
Table 1. Zone of clearance by culture supernatant of isolated fungi on skim milk agar medium.
S:No
1
2
3
4

Fungal Isolates
HDF1
HDF2
HDF3
HDF4

Zone of clearance (mm)
60 mm
1.7 mm
0.5 mm
39 mm

HDF1 showed the highest keratinase activity (11.7 U/ml) after incubation of 4 days at
pH 5 than HDF4 (5.4mm) (Fig 2). Lactophenol cotton blue staining of HDF1 showed prominent
sporongiospore (Fig.3). This fungus was undergone molecular identification by ITS region, the
organism was found to be Lichtheimia corymbifera AS1 (GenBank Accession number –
MT269276). Keratinophilic fungi are capable of using keratin as the only source of C, N, S and
energy for their growth [14]. Sharma and Rajak [31] reported that many keratinophilic fungi
are found in Indian soils and there is a requirement to further taxonomic classification and
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ecological studies of this interesting group of organisms. The keratinolytic activity of
L.corymbifera AS1 showed maximum on the 4 days of fermentation. The keratinolytic activity
of L.corymbifera was showed the highest (11.8 U/ml) after 4 days. After that, keratinolytic
activity was gradually decreased (Fig. 4). Similarly, El-Ghonemy and Hamed Ali [32] reported
that the highest keratinase production of Aspergillus sp. DHE7 was observed after four days
of incubation using 2 % of chicken feathers as substrate in submerged conditions. A. fumigatus
showed optimal activity after 72 h [33]. but contradictorily, Mazotto et al. [26] reported the
lowest feather degrading keratinolytic activity by A.niger after four days (21.3 U/ml) in
submerged fermentation.

Figure 2. Keratinolytic activity of isolated fungi.

Figure 3. Lactophenol cotton blue staining of the isolated culture.

Figure 4. Keratinolytic activity of Lichtheimia corymbifer AS1.
https://biointerfaceresearch.com/

6422

https://doi.org/10.33263/BRIAC105.64176426

Using keratinase enzymes, keratinous waste products like hair, feathers, skin, fur,
animal hooves, horns can be degraded and can be used in biodegradable films, coatings and
glues etc.. this bioconversion of keratinous waste products into value added products using
keratinase enzyme could be an environmental friendly technology [34]. keratinase enzyme is
used in anti-dandruff shampoos which helps in dead cells and infections caused by fungi / warts
[35,36].
Hooves degradation in liquid medium was conducted from August to January months.
Hooves degradation was measured by sulphate liberation on media because hooves keratin
have a high amount of sulphur containing amino acids. Fig. 5 showed sulphate concentration
was maximum (28 mg) in the 5th month.

Figure 5. Sulphate estimation of hooves degradation in liquid media.

Pot study of hooves degradation was analyzed by weight loss of the hooves. Degree of
degradation of hooves was effectively occurred upto 96 % in 6th month (Table 2). The effect
of hooves hydrolysates on Vigna mungo L seed germination was shown in Table 3. At 72 h of
incubation, seed germination increased effectively when the seeds were treated with the hooves
hydrolysates than control. After 21 days, hooves hydrolysate treated Vigna mungo L seedling
showed excellent growth parameters compared to control. Fig. 6 showed growth parameters of
hooves hydrolysates treated Vigna mungo L seedling. Hooves hydrolysates contain high protein
content that induced plant growth effectively. Fertilizers with sulfur containing amino acid
have been reported to enhance yield of plant [37]. Brandelli et al. [38] reported that hooves
hydrolysate induced seed germination and seedling growth. Similarly, the present work also
hooves hydrolysates induced Vigna mungo L seedling growth effectively due to the high
protein content of hooves hydrolysate. Kshetri et al [39] also showed the phytostimulant
activity of keratinase producing actinobacteria. Uses of these keratinase producing organisms
are well reported [40-42]. There are several reports stating that microorganisms were used for
producing biotechnological products [43 -44].
Table 2. Determination of Hooves degradation (pot study).
S. no
1.
2.
3.
4.
5.
6.

Month
August
September
October
November
December
January

Original weight (g)
52.3
52.3
52.3
52.3
52.3
52.3
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Weight of the sample (g)
50.1
47.8
30.2
13
3.9
3

% Degree of Degradation
5.1
8.6
42
75
93
96
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Table 3. Effect of hooves hydrolysates on seed germination.
Sowing Time
48h of incubation
72h of incubation

Control (%)
69
78

Treatment with hydrolysate (%)
82.6
87.7

Figure 6. Effect of hooves hydrolysate on seedling growth of black gram after 21 days.

4. Conclusions
In the present research work, isolation of keratinolytic fungi from buried hooves was
successfully carried out. Four keratinolytic fungi were isolated and one was producing more
than others. That fungi were identified as L.corymbifera AS1 and it has a maximum keratinase
activity of 11.8 U/ mL in 4th day. This organism was degrading the hoove by 96%. The
hydrolysate was found to enhance the seed germination and growth promotion of the plant
chosen in this study. This study provides important leads bioremediation of hooves wastes and
its application in plant growth stimulation.
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