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Abstract

The aim of the present study was to investigate the ability of twenty two different alkalophilic
fungal isolates to produce alkaline keratinase using a keratin-salt agar medium (pH 9.0) containing
white chicken feathers. Cochliobolus hawaiiensis AUMC 8606 was selected as the most potent fungal
strain for the highest enzyme production under solid state fermentation using chicken feathers
moistened with salt basal medium in the ratio (1:2, w/v). Maximum alkaline keratinase production was
achieved at initial moist content 82%, incubation period 15 days at 30°C and initial pH 9.5. Addition of
glucose (1%, v/v) supported maximum keratinase production. Contrarily, the supplementation of medium
with organic or inorganic nitrogen sources decreased the production of alkaline keratinase. The crude
keratinase from C. hawaiiensis AUMC 8606 could potentially be used in the hide unhairing process
without any lime and sulphide addition. Depending on the analytical measurements and microscopical
observations, the enzymatic unhaired skins by this fungal preparation was successfully processed.

Keywords: Cochliobolus hawaiiensis, Solid State Fermentation, Chicken feathers, Alkaline keratinase,
Unhairing process.

1. Introduction

Microbial keratinase is a class of proteolytic enzymes capable of degrading the
insoluble structural protein found in feathers, hair, and wool known as keratin. This protein which
belongs to scleroprotein group is resistant to degradation by action of physical, chemical and
biological agents as common proteolytic enzymes such as trypsin, pepsin, papain due to the
composition and molecular conformation of the amino acids found in keratin [1, 2]. Huge amount
of keratin wastes accumulate in nature and impose a great concern for the environment.
Therefore, considering the great demand for developing biotechnological alternatives for recycling
of keratin wastes, for example unused chicken-feathers to useful value added products there is
a tremendous scope of keratinases in present day enzyme-market [1, 2]. Keratinases are
mostly derived from microorganisms, including actinomycetes and fungi [3]. The most keratino-
lytic group among fungi belongs to genera, Alternaria, Aspergillus, Chrysosporium, Cladosporium,
Curvularia, Doratomycesm, Fusarium, Geomyces, Gleomastis, Monodictys, Myrothecium,
Paecilomyces and Penicillum [4, 5]. The production of keratinases by microorganisms can be
affected by several factors, such as temperature, pH and nature of carbon and nitrogen sources
present in the medium [1, 2]. The use of solid state fermentation in production of keratinase is
less common [6]. Considering this point, the known advantages of solid state culture such as
simplicity, lower production costs and low waste water output make it interesting to optimize the
production of keratinase [7]. Keratinases have gained biotechnological interest in applications
due to their ability to convert the non-soluble keratin in feathers into useful feathers meal,
nitrogenous fertilizers, biodegradable films, glues and foils [8]. Any liquid nutrient residues
from feather composting that are high in nitrogen could be used for aquaculture and
hydroponics crops [9]. Keratinases has emerging application in dehairing process in leather
industry instead of sodium sulphides [10]. New applications e.g., prion degradation for
treatment of mad cow disease [11], biodegradable plastic manufacturing and keratin peptides

Romanian Biotechnological Letters, Vol. 22, No. 6, 2016 12147



GEORGE SAAD ISAAC, MEDHAT AHMED ABU-TAHON

production [12]. In Egypt, the hard pollution impact by different wastes represents a very
dangerous dilemma, the disposal of the vast quantities of chicken feathers and other wastes
increasingly produced by the poultry industry is becoming a major problem and till the
present moment, no suited strategy was drawn up to deal with these wastes with a double
benefit mean, the first is the safe disposal of poultry waste and the other is recycling it into
valuable byproduct. The aim of present study was to investigate the ability of twenty two
different alkalophilic fungi to produce alkaline keratinase under solid state fermentation using
chicken feather as substrate. Furthermore, optimization of alkaline keratinase production by
the most potent fungus Cochliobolus hawaiiensis AUMC 8606 and also the possible industrial
application of an alkaline keratinase produced from this fungus in leather industry as a
dehairing agent. To our knowledge, this is the first paper reports on the production of alkaline
keratinase from C. hawaiiensis AUMC 8606 under solid state fermentation using chicken
feathers as substrate and adding new information on the production of alkaline keratinase.

2. Materials and Methods

2.1. Microorganisms. Fungi used throughout this work were obtained from our lab
collection. They were previously isolated from soil samples collected from kingdom of Saudi
Arabia (KSA) [13] and identified by Assiut University Mycological Centre (AUMC), Egypt.
All cultures were deposited in AUMC with their accession numbers. These fungi were grown
on Czapek's agar medium at 30°C for 7 days. All fungi were kept on the same medium at 4 °C
and subculture whenever required.

2.2. Preparation of keratin substrate. The used procedure was adopted by Tork et al.
[14] as follow: White chicken feathers were cut with scissors to small pieces of 1-3 cm long,
then, washed several times with tap water. Defatting of feather pieces was done by soaking
them in a mixture of chloroform: methanol (1:1, v/v) for 2 days followed by chloroform:
acetone: methanol (4:1:3, v/v/v) for 2 days. The solvent was replaced every day. Finally, the
feather was washed several times with tap water to eliminate the solvent residual, dried for 3
days at 50°C and grinded using an electrical blender. The grinded feathers which looked like
cotton was maintained in a sterile bottle at 4°C until used.

2.3. Screening of fungal Kkeratinolytic activities. The modified method of El-Naghy et
al. [15] was applied for screening the keratinolytic activities of the tested fungi as follow: triplicate
sets of 250 ml Erlenmeyer flasks containing 2.5 ml of sterilized salt basal medium (g/1):
K;HPO4,1.5; MgS04.7H,0,0.025; CaCl,,0.025; FeS0O4.7H,0,0.015 and ZnS04.7H,0,0.005;
and amended with grinded chicken feathers (0.5 g/flask) were used. The medium was
adjusted to pH 9.0 with 0.1 N NaOH, inoculated with 1 ml of fresh spore suspension
(2.25x10° spore ml™") obtained from 7 days-old cultures of the tested fungi and incubated
statically for 21 days at 30°C.

2.4. Optimization of alkaline keratinase production parameters. The keratinase production
parameters were optimized under solid state fermentation, and the parameters optimized
earlier were incorporated in subsequent experiments including; effect of different ratios of salt
basal medium (1:1, 1:2, 1:3, 1:4, 1:5 and 1:6; chicken feathers: salt basal medium, w/v), effect
of different weights of grinded chicken feathers (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 g), incubation
periods (6, 9, 12, 15, 18, 21, 24 and 27 days), incubation temperature (26, 28, 30, 32, 34, 36,
38 and 40 °C), initial pH value (7, 7.5, 8, 8.5, 9, 9.5, 10, 10.5, 11), 1% carbon sources
(glucose, fructose, sucrose, lactose, galactose, starch) and 1% nitrogen sources (ammonium
chloride, ammonium nitrate, sodium nitrate, urea, peptone, and casein). At the end of the
fermentation process, the content of each flask was mixed with 20 ml cooled sterilized
distilled water, then mechanically stirred at 150 rpm at 10°C for 1 h. The mixture was
squeezed through muslin and filtered using Whatman filter paper No. 1. The filtrate was
centrifuged (3000xg for 10 min) and the supernatants were used as a source of keratinase [16].
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2.5. Keratinase assay. Keratinase activity was determined according to the method
reported by Nickerson et al. [17] with some modification. The reaction mixture consisted of 1
ml enzyme solution, 10 mg of keratin (Sigma) in 1.0 ml Tris-HC1 (0.2 M, pH 9.0), mixture
was incubated under agitation using stirring bar for 1 h at 40°C, then the reaction was stopped
by boiling the mixture and filtered through filter paper. The amount of tyrosine released was
estimated by the method of Lowry et al. [18] using a tyrosine (Sigma) standard curve. One
unit of enzyme activity was defined as the amount of enzyme producing 1 pg of tyrosine/min.

2.6. Raw cow-hide specimens. The samples were provided as dried raw hide by
Elibrahimiai Company, Cairo, Egypt. It was pretreated by 25% (w/v) NaCl as preservative,
and then wetted just before unhairing by 3% (w/v) wetting agent, Egyptol.

2.7. Wetting agent, Egyptol. This was obtained from Egyptian Starch, Yeast & detergents
company, Cairo, Egypt.

2.8. Preparation of hides for enzyme treatments (British Leather Confederation, BLC
method). A fresh fleshed cow hide was washed with a commercial detergent solution (Egyptol)
and cut into 15x15cm? pieces (35 g weight). Two pieces were processed in shaken drum flask
at (4 rpm) with crude keratinase solution in a proportion of (3:1, w/v). pH was adjusted to 9.0
by 0.2 M Tris-HCl at room temperature for 5-36 h, and then the skin pieces were gently
scraped with fingers to remove loose hairs. Lime and Na,S were used instead of the enzyme
solution for comparison. At the end of the process, the skin fragments were fixed as described
by Prophet et al. [19] and the unhaired leather was evaluated by both measurements of
mechanical and scanning electron microscope (SEM) analysis as described below.

2.9. Physical measurements (tensile strength and elongation %). Different treated hides
(chemically or enzymatically) were evaluated for some mechanical properties as tensile
strength (N/mm?) and elongation (%) by Lab of Tanning and Leather Technology, National
Research Center, (NRC), Dokki, Cairo, Egypt. Higher numbers indicate better properties with
good in general appearance.

2.10. Scanning electron microscope (SEM) analysis. Enzymatic or sulphide-lime
unhaired surface after hair removal was examined at Services Central Lab, (NRC) by SEM
(JEOL/ 1230, made in Japan, maximum magnification 622.50%, maximum resolution power
0.2 nm/line, energy 120 kV in steps starting from 40 kV, CDD camera equipped and
computerized for minimize human errors). Applying 100x magnifications, the grain surface,
the surface holes and the opening up of fiber bundle were noticed. The clean grain surface
indicates no grain damage due to hide unhairing process.

2.11. Statistical analysis. The obtained data were statistically analyzed with SPSS
(Scientific Package for Scientific Social Studies, version 20), in which the equations of the
hypothesis tests, including the mean, standard deviation, T-statistics value and probabilities
(p) were used. The obtained data were statistically compared to the highest value obtained
which is marked as (®).The levels of significance were expressed as highly significant (p < 0.01),
significant (p < 0.05) and non significant (p > 0.05).

3. Results and Discussion

Potentialities of twenty two fungal species were investigated for their ability to produce
alkaline keratinase on salt basal medium in which the chicken feathers served as a sole organic
source and the medium was adjusted to pH 9.0. The results in Table 1 showed that six species
of the tested fungi recorded good fungal growth compared with other fungal species after 21 days
of incubation at 30°C; Aspergillus niger Van Tieghem, C. austrialiensis (Tsuda & Ueyama)
Alcorn, C. hawaiiensis Alcorn, C. lunatus R. Nelson & Haasis, Humicola grisea Traaen, and
Rhizopus stolonifer (Ehrenberg) Vuillemin. With respect to alkaline keratinase production
they produced 110.0+3.12, 117.0+3.33, 170.0+3.12, 120.22+4.30, 90.0+1.54, 132.0+4.0 U/g,
respectively. C. hawaiiensis Alcorn AUMC 8606 was selected for further study. Our results were
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in accordance with Blyskal [20] who recorded that the following genera; Aspergillus, Penicillium,
Fusarium, Humicola, Emericella, Chaetomium, Rhizopus, Cochliobolus and Setophaeria are
belonging to keratinolytic fungi capable of degrading different substrate containing keratin.

Table 1. Growth and keratinase activity of some fungal species on white chicken feathers after 21 days at 30°C and pH 9.0

. AUMC Fungal growth on chicken feathers (weeks) . .
Fungal species No. T wook T ook 3ok Keratinase activity (U/g)

Aspergillus flavus Link 8653 + ++ ++ 58.0£2.21
Aspergillus fumigatus Fresenius 8594 - + ++ 77.0+1.117"°
Aspergillus niger Van Tieghem 8593 + + -+ 110.0£3.12""
Aspergillus ochraceus Wilhelm 8670 - + + 66.08+1.09
Aspergillus sydowii (Bainier & o
Sartory) Thom & Church 8660 - + ++ 60.75+2.12
Aspergillus terreus Thom 8605 + + ++ 44.50+2.13""
Chaetomium globosum Kunze 8641 - ++ ++ 77.0£2.10"°
Cochliobolus austrialiensis
(Tsuda & Ueyama) Alcorn 8599 + ++ -+ 117.0£3.33
Cochliobolus hawaiiensis Alcorn 8606 ++ +H+ - 170.0+3.12 (*)
Coch_lloholus‘ lunatus R. Nelson & 8616 4 . e 1202244.3™
Haasis
Cunn_mghamella phaeospora 3662 ; R R 0.00
Boedijn
Em_ertce.lla nidulans (Eidam) 3640 4 n - 70.4243.78""
Vuillemin
Emericella guafirzlzneata (Thom & 8636 } 4 . 80.042.22""
Raper) Benjamin
Fi usarium proliferatum (Matsush.) 8617 ) R R 0.00
Nirenberg
Fusarium solani (Martius) 8615 ; R n 20.01.08"
Saccardo
Humicola grisea Traaen 8598 + ++ ++ 90.0+1.54™
Humicola insolens Cooney & 8607 ) R R 0.00
Emerson
Penicillium chrysogenum Thom 8656 - + + 40.46+2.00""
Penicillium corylophilum Diercks 8601 - - - 0.00
Penicillium duclauxii Delacroix 8667 - - - 0.00
Rh{zopltAlv stolonifer (Ehrenberg) 8671 4 e i 132.0 £4.0°
Vuillemin
Setosphaeria rostrata Leonard 8592 - + ++ 71.0£2.87"

AUMC= Assiut University Mycological centre; -, no fungal growth; +, low fungal growth; ++, moderate fungal growth; +++, good fungal
growth and ++++, high fungal growth; Data represent the mean of 3 different readings approximated to 2 decimal + standard deviation.

*** Highly significant, p < 0.01. Data was statistically compared using t-test (N = 3). Fungal growth was observed visually at intervals
during the incubation periods.

Solid state fermentation (SSF) holds potential for the production of enzymes. It can be
of special interest in those processes where the crude fermented product may be used directly
as the enzyme source [21]. This system offers numerous advantages including high volumetric
productivity, relatively higher concentration of the products, less effluent generation and
requirement for simple fermentation equipments [22]. SSF was used to screen the productivity
of alkaline keratinase from C. hawaiiensis. Figure 1 showed the effect of different ratios of
salt basal medium at fixed chicken feathers (0.5 g) on the production of alkaline keratinase.
The maximal production was obtained in the ratio (1:2, w/v) with initial moisture content
82% amounting to 230+3.8 U/g. It was observed that with an increase in the moisture content
of the substrate over 82% resulted in a steady decline in the keratinase yield. Increasing
moisture level is believed to reduce the porosity of substrate, thus limiting the oxygen transfer
into the substrate [23]. Likewise, a lower moisture ratio leads to reduced availability of
nutrients of the solid substrate, lower degree of swelling and a higher water tension [7, 24].
Similar results were obtained by El-Gendy [25] who stated that the optimized keratinase
production was obtained by endophytic Penicillium spp. Morsy1 under SSF at initial moisture
content 80%.

12150 Romanian Biotechnological Letters, Vol. 22, No. 6, 2016



Dehairing capability of Alkaline Keratinase Produced by New Isolated Cochliobolus hawaiiensis
AUMC 8606 Grown on Chicken Feather

Investigation Of llSiIlg different \mkeratinasemww {uigh o Correspending initial moisture content (%)
weights of chicken feathers moistened
with salt basal medium at the same ratio
1:2, w/v showed that the maximum
alkaline keratinase production by C.
hawaiiensis was recorded by increasing
the weight of feathers to 1.0 g reaching
300.0+4.9U/g (Fig. 2). Feathers com-
posed of approximately 90% keratin, an
insoluble structural protein rich in B-helical Chicken feather : Salt basal medium
coils linked through cysteine bridges Figure 1. Effect of different ratios of salt basal medium on alkaline
represent up to 10% of the total chicken keratinase production by Cochliobolus hawaiiensis.
weight [11]. It can act not only as carbon and nitrogen sources, but also as an inducer for
enzyme production. Our results disagree with Rai et al. [26] who stated that the optimized
keratinase production by Bacillus subtilis RM-01 was obtained in medium containing 5.0 g of
chicken feathers moistened with distilled water (1:1, w/v).
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Figure 2. Effect of different weights of chicken feathers on  Figure 3. Effect of different incubation periods on alkaline
alkaline keratinase production by C. hawaiiensis. keratinase production by C. hawaiiensis.

Influence of incubation period on alkaline keratinase production was traced and the
results were graphically represented in Figure 3. Gradual increase in the yield of the alkaline
keratinase of C. hawaiiensis was observed reaching its maximum after 15 days of incubation
(373.3 £4.1 U/g). Similar results were obtained by More et al. [27] who recorded the highest
yield of keratinase by Aspergillus flavus and Cunninghamella echinulata after 16 and 14 days
of incubation, respectively. Moreover, higher period of incubation was reported for
Chrysoporium georgiae reaching the maximum Kkeratinase production after 21days of
incubation [11]. Unlike these findings, 5 days was recorded as the best incubation period for
the maximum keratinase production by Penicillum spp. under solid state conditions [25].

400 450
s )
3 350 | 5 400
z £ 350
Ig 300 | Z
8 8 300
S 250 - 2
£ 250
= =
§ 200 - § 200
¥
] , , . 150 ! N ! !
24 26 28 30 32 34 36 38 40 42 65 7 75 8 85 9 95 10 105 11 115
Incubation temp. (°C) pH value

Figure 4. Effect of incubation temperature on alkaline Figure 5. Effect of initial pH value on alkaline

keratinase production by C. hawaiiensis. keratinase production by C. hawaiiensis.

Incubation temperature is among cardinal factors significantly affecting the enzyme yield
and duration of enzyme synthesis phase [28]. The correlation between alkaline keratinase production
and incubation temperature is shown in Figure 4. The results revealed that temperature greatly
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affects alkaline keratinase production by C. hawaiiensis, where the keratinase production increased
with increasing the incubation temperature until reached the maximum value (373.3 + 4.1 U/g) at
30°C. This result is in complete accordance with those recorded for Chrysoporium georgiae
[15], Trichoderma harzianum MH-20 [29] and Chryseobacterium sp. Kr6 [30]. On the other
hand, 28°C was recorded as the best incubation temperature for Myrothecium verrucaria [16].
The important characteristic of most alkalophilic microorganisms is their strong dependence
on the extracellular pH of the medium which has a great effect on the cell growth and enzyme
production [31]. Keratinase production by C. hawaiiensis was investigated at pH range 7.0-11.
The results represented in Figure 5 revealed that productivity of keratinase increased by
increasing alkalinity of the medium to reach maximum yield at pH 9.5 (433.4 £ 2.8 U/g).
These results are in line with that obtained for keratinase production by Bacillus thuringiensis
TS2 which recorded the highest yield of production at pH 10 [32]. Also similar results were
obtained for keratinase production by Aspergillus fumigatus at pH 9.0 [33]. Alkaline pH
possibility favors keratin degradation on higher pH and modifies cysteine residue to
lathonine, making it accessible for keratinase action [8]. Addition of 1% (v/v) glucose and
fructose caused increasing in relative keratinase activity by C. hawaiiensis giving 106.25% and
102.17%, respectively. On the other hand, supplementation of lactose, galactose and starch
strongly suppressed the production of keratinase (Figure 6). The present results showed that the
highest improvement of the production of alkaline keratinase was achieved by supplementation of
basal medium with (1%, v/v) glucose. Our results were in agreement with those of El-Naghy
et al. [15] and Kaul and Submali [34]. On the other hand, glucose has been reported to
suppress the synthesis of keratinase by Microbacterium sp. [35] and Kocuriarosea [36].
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Figure 6. Effect of different carbon sources (1%, v/v) on Figure 7. Effect of different nitrogen sources (1%, v/v) on
alkaline keratinase production by C. hawaiiensis. alkaline keratinase production by C. hawaiiensis.

Supplementation of the salt basal medium with organic or inorganic nitrogen sources
(ammonium chloride, ammonium nitrate, sodium nitrate, urea, peptone, and casein) repressed
the production of alkaline keratinase (Fig. 7). The negative effect on the production of keratinase
may be attributed to high accumulation of ammonia [15] and/ or to catabolite repression by
nitrogen sources [16]. Similar results were obtained for other keratinase producing fungi, including
Chrysosporium georgiae [15] and Chrysosporium queenslandicum [37]. The process of cow-hide
unhairing by using a crude alkaline keratinase compared to the traditional chemical methods using
3% (w/v) NayS and 4% (w/v) Ca(OH), was achieved, then the unhaired skins were subjected to
visual evaluation, physical measurements and SEM analysis. It was noticed the ease removal
of hide hair treated with crude alkaline keratinase by C. hawaiiensis was possible after 16 h
while the traditional chemical method needed about 28 h. Moreover, hand evaluation of the unhaired
hide specimens for various organoleptic properties, such as softness, fullness, grain smoothness and
tightness was carried out and indicated the more advantageous organoleptic properties of the unhaired
specimen by crude keratinase than the other by chemical treatment. The results obtained in Table
2showed that the physical measurements as tensile strength (N/mm?®) and elongation (%) are highly
reported in leather evaluation as an indication of the fiber bundles strength. Both tensile strength and
elongation (%) were measured to show the influence of the different unhairing treatments on strength
fiber bundles. Note that higher numbers indicate better properties and good general appearance.
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Table 2. Comparison of leather mechanical properties after applying C. hawaiiensis keratinase and conventional chemical treatment

Treatment Parameter C. hawaiiensis keratinase conventional treatment
Tensile strength at yield (N/mm?) 8.88 6.45

Tensile strength at rupture (N*/mm?) 7.64 3.01
Elongation at yield (%) 56.98 46.58
Elongation at rupture (%) 53.32 70.36

SEM analysis of the two samples are shown in Figures 8 and 9 with magnification of
x 100, each of the grain surface, the surface holes and the opening up of fiber bundle were noticed.
Only the treatment by crude alkaline keratinase showed a clean surface, indicating no grain damage
due to hide unhairing process and showing that opening up the fiber bundles was comparable.
The clean grain surface revealed no grain damage due to hide unhairing process. Our results
indicated that alkaline keratinase produced by C. hawaiiensis was suitable for dehairing and could
be exploited as an eco-friendly dehairing agent in leather processing. Similar reports were
previously concluded that the enzymes were the most suitable agents in dehairing process [12].

Figure 8. SEM of chemical, (Na,S and lime) treated cow-skin. Figure 9. SEM of unhaired cow-skin b C. hawaiiensis keratinase.

4. Conclusion

The ability of newly isolated C. hawaiiensis AUMC 8606 to produce alkaline
keratinase in the SFF with chicken feather was investigated. The useful of this enzyme
preparation could be exploited for the possible industrial application of alkaline keratinase
produced from this strain in leather industry as dehairing agent.
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