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OPTIMIZATION FOR BACTERIAL KERATINASE
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El-Fadaly, H.; |. Ibrahim and Naglaa Hamdy
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ABSTRACT

In order to improve the production of bacterial keratinase utilizing the poultry
feathers as an environmental waste, some nutritional and environmental factors were
considered in a low cost medium. These factors are substrate concentration (chicken
feather). pH of the cultural medium, growth temperature, inoculum size and agitation
effect as well. These experiments were carried out using two bacterial strains namely
Baciilus licheniformis CF-26 and Bacillus licheniformis PWD-28. Obtained results
showed that both tested strains produced the maximum keratinase with 2% feather
as carbon and nitrogen sources after the 9™ day of fermentation. The maximum
production of keratinase was found at pH value of 8.0 for B. licheniformis CF-26,
while pH 9.0 was the best for B. licheniformis PWD-28. For the growth temperature at
pH 7.0 of the strains No. CF-26, the keratinase activity was 3-5 fold higher at 40°C
than that obtained at 55°C. At pH 9.0, opposite results were obtained by 1.9 fold. In
case of the strain No. PWD-28, the production of keratinase at 40°C was lower at pH
7.5 than its value obtained at pH 9.0 by 1.2 fold after the 3" day of fermentation. The
inoculum size of 10% was the optimal for the two tested bacterial strains. In addition,
the static cultivation gave higher value of keratinase activity than that of shake
culture. The growth of bacterial strains on chicken feather was also followed by
measuring the activity of proteinase, the total soluble proteins and the obtained free
amino acids as well.

INTRODUCTION

Feedstuffs industry in Egypt is experiencing high-cost production, since
raw materials for animal feeds are imported at considerably large quantities
and high values of hard currency. Meanwhile, pouitry processing plants
generate feather (keratinaceous origin) in abundant volume as a waste every
day. Keratin scleroproteins are produced by mammals and birds. This group
of protein are very stable against the proteolytic enzymes action. An extreme
low solubilities of native keratin makes enzymatic degradation hard to occur.
The rigid structure of keratins in feather, hair, fur, and nails in attributable to
their high content of cysteine (Thomas et al., 1995). Because of the low
degradation rate of keratin, this waste represent an environmental problem.
Disposal of the waste is made complicated by the fact that spontaneous
anaerobic degradation also produces obnoxious odor. Natural keratin
degrading microbes have been isolated and tested for their biological activity
(Scatt, 1993; El-Fadaly et al., 1996; Friedrich and Antranikian, 1996; Lin et al.,
1996 and El-Fadaly and Zaied, 1999). The purpose of this investigation is to
optimize for keratinase production by locally bacterial strains with
exceptionally high keratin degrading activity converting a grim environmental
burden into a marketable product containing high essential amino acids.
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MATERIALS AND METHODS

I. Materials:
1.1. Chicken feather (CF):

Chicken feather (CF) samples were collected from private shops of
chicken slaughtering, local market of Mansoura City, Dakahlia Governorate,
Egypt. Samples were then mixed, washed twice, milled and dried at 60°C to
constant weight.

1.2. Cultivation medium:

The prepared basal salts-chicken feather liquid culture medium was
used for fermentation and enzyme production as recommended by El-Fadaly
(1996). The ingredients of this medium were (gL™"): potassium chloride, 0.2;
ammonium dihydrogen phosphate, 1.0; magnesium sulphate, 0.2 and dried
feather, 20. The value of pH was adjusted to 7.0.

1.3. Bacterial strains and growth conditions:

The bacterial strains used in this research work are Bacillus lichenifcrmis
CF-26 and Bacillus licheniformis PWD-28. These strains were locally isolated and
identified by El-Fadaly et al. (2002).

Il. Methods:
Il.1. Bacteriological procedures:
Maintenance of isolates:

The tested isolates were maintained on NA slants at 5°C till demand.
Prior to use, the microbial cultures were transferred to NA slants and
reincubated again at appropriate temperature (37°C) for 24 hr. This process
was repeated twice.

Preparation of standard inoculum:

Standard inoculum of each bacterial strain used was prepared by
scraping the growth from the surface of nutrient agar slant in the presence of
5 ml of sterilized distilled water with the aid of platinum loop. Aliquot of
desired volume of homogenized bacterial suspension was diluted up to 6 x
10° cfu/ml, to be used as a standard inoculum during the experimental work.

Working flasks preparation:

Six groups were prepared, each contains four flasks (three replicates
and one as control) for each bacterial strain. Fifty ml of basal cultivation
medium were dispensed in 250 mi Erlenmeyer flasks, then supplemented
with 1% dried feather and autoclaved at 121°C for 20 min after adjusting the
pH to 7.2.

Fermentation procedure:

For fermentation process, the autoclaved flasks were then inoculated
with appropriate inoculum size of appropriate dilutions of 24 hr old bacterial
suspension (6 x 10° cfu/ml). The incubation was then carried out under static
conditions at 37°C. During 9 days incubation period, one group of the
prepared flasks was taken every 3 days as a representative sample. For
sample analysis, Keratinase activity (KA, KU/ml), proteinase activity (PA,
TU/ml), total soluble peptide content (TSP, ppm), and total free amino acids
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(FAA, ppm) were measured. Three replicates were analyzed and the mean
value was recorded.

1.2, Biochemical analysis:
Keratinase activity measurement (KA):

The activity of Keratinase was measured after Nickerson et al. (1963)
using pure keratin (K .0253, Sigma Co., USA). A unit of Keratinase activity
was defined as that amount of enzyme in one mi of cuiltural filtrate that
produce 1.00 ug protein in 2 hr as a product of Keratin hydrolysis. Bovine
serum albumin (BSA) was used as a standard.

Protein estimation (TSP):

Total soluble protein was colorimetrically determined at 750 nm as
described by Lowry et al. (1951) using Carl Zeiss Jena Spekol 11 colorimeter.
Reference curve by using BSA (0.05 - 0.5 ml) was carried out through whole
procedure.

Quantitation of proteinase activity (PA):

This assay was adopted using the modified casein digestion method
described by Lupin et al. (1982). A unit of proteinase activity was defined as
that quantity of enzyme, which produced TCA - soluble fragments giving blue
color equivalent to 1.0 ug tyrosine under the assay conditions. A tyrosine
calibration curve was set up.

Determination of total free amino acids (FAA):

The colorimetric method used by Lee and Takahashi (1966) was
adopted. Reference curve was prepared by using glycine (10-100 ug) as a
standard amino acid.

1li. Statistical analysis:

All experimental data were subjected to the statistical analysis by the
analysis of variance. The treatment means were compared at 0.05 and 0.01
probability levels using the Least Significant Difference (L.S.D.) method as
mentioned by Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Optimum percentage of feather:

In order to find out the convenient percentage of feather as keratin
source to be used for keratinase production, the used basal medium was
supplemented with 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0% of chicken feather.
Obtained data are presented in Table (1). It could be seen that 2% feather
was the optimum for the two examined bacterial strains, taking the Sth day of
fermentation, into account. The use of more than 2% of dried feather as
nitrogen and carbon source, do not increase the values of measured
parameters either total soluble protein (TSP) or free amino acids (FAA).
interestingly, these values as a result of the keratinase activity start to
decrease and/or increase by little differences, which can be neglected during
the examined interval time. Kunert (1976) reported that the greatest
percentage loss substrate was found in cultures with a small amount of hair in
a large volume of medium.
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Williams et al. (1990) found that the maximum yield of FAA by B.
licheniformis were 120, 110, 30 mM in case of feather / liquid culture ratio of
1/2, 1/4 and 1/8, respectively. Naguib et al. (1982) noticed that the level of
keratin might indicate the existence of a certain threshold concentration of
substrate for the growth and welfare of the organisms. Above which the
excess keratin may be just hydrolyzed to soluble components by the
produced enzymes without being used as building blocks for the organism.
Hussein et al. (1986) stated that Micropolyspore keratinolytica consuming
chicken feather had to hydrolyze it into proteins then to amino acids. These
amino acids are used either as itis or in deaminated form to produce keto
acids, which used as carbon source. The statistical analysis applied
suggested the significant differences between all parameters under
investigation either in feather ratio or the examined time of fermentation,
except some cases as shown in the same Table (1).

Effect of initial pH value:

The initial pH of the cultivation media was adjusted before sterilization
to different values by addition 0.1 N of HCI or NaOH. Recorded data in Table
(2) show the experimental values of keratinolytic activity and related end-
product, total soluble proteins together with the measured values of
proteinase activity and closed end-product, total free amino acids produced by
B. licheniformis, CF-26. Listed data illustrated that the optimum production of
keratinase (KU/ml of cultural filtrate) was found after the 6th day of
fermentation at pH value of 8.0.

Table (2): Effect of initial pH value on the keratinase production by B.
licheniformis, CF-26.

Keratinase activity, Ku/mi Proteinase activity, Tu/ml
Initial at incubation periods F- L.S.D. at incubation periods F- L.S.D.
(day) of (day) of
Ph 3 6 9 test (0.05 0.01] 3 6 9 test| 0.05 0.01
7.0 6.45 6.27 3.70 ** 10.08 0.13[1.44 9.80 4.50 NS
7.9 766 7.47 - T ** 10.07 0.12|4.08 1290 2.90 = | 040 066

8.0 |[6.94 9.90 6.97 ** 10.04 0.07)11.3 3.90 9.90 1024 041
85 |9.50 9.09 5.82 ** 10.05 0.09|1.21 6.95 14.81 o eBi7 ~028
9.0 |[8.30 4.98 6.96 ** 10.09 0.15)|8.45 6.06 2.54 = 1270 450

e - = -

L.S.D
0.05(0.05 0.08 0.07 0.39 1.55 0.31
0.01/0.08 0.11 0.10 0.57 2.26 0.45
Total soluble protein Free amino acids (ppm)
Initial (ppm) at incubation F- L.S.D. at incubation periods F- L.S.D.
periods (day) of (day) of
pH 3 6 9 test | 0.05 0.01| 3 6 ‘II 9 test | 0.05 0.01

7050910712 0.14 NS (0.0010.002/0.6250.770 0.579 ** 10.003 0.005
751018 020 0.31 ** |0.0020.004{1.1081.070 1.008 ** 1 0.004 0.006

80 |024 020 022 | * [0.0040.0102.0172.070 1650 | ** [0.005 0.009
85 |0.18 022 022 | * 1.1640.822 0858 | ** |0.003 0.005
9.0 |021 032 036 |[NS 1.9951.060 1.685 | ** |0.005 0.008
F-tes‘ - NS - e e -
L.S.D.
0.05(0.002 0.001 0.0030.004 0.003
0.01/0.003 0.002 0.0040.006 _0.005
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The values of keratinase decreased after the 9" day of the
fermentation period. Data also exhibited that the enzyme has activity at pH
range between 7.5 and 8.5. Abdel-Hafez et al. (1995) found that the highest
keratinase activity was obtained by Thermoactinomyces vulgaris when the
initial pH value of the medium was adjusted to 1.5

Obtained data exhibit very interesting observation, since three
different enzymes are found. The first one is at pH 7.9 being 11.3 TU/m| of
cultural filttrate, then decreased to 1.2 enzyme unit and then increases again
to 8.45 enzyme unit. The second one is at pH value of 7.4 to 7.5 being 12.8
TU/ml of cultural filtrate then decreases to 3.9 enzyme unit then go further in
steady state. The third one is clear at pH 8.3 with value of 14.8 then the value
sharply decreased to about 2.54 enzyme unit. This suggest that this
bacterium B. licheniformis, CF-26 produces three different types of proteolytic
enzymes. Meanwhile, the first enzyme is produced at the 3" day of
fermentation, the second one is after the 6" day, while the third enzyme is
obtained after the 9" day (Table 2).

At ail levels of examined pH values during the fermentation periods,
the values of total soluble protein (TSP) gradually increase with the
fermentation period increase and/or still at the same level. Even so, the
values of TSP seem to be little which can be explained by that component,
represents the substrate for proteinases enzymes. El-Mayergi and Smith
(1971) found that the resultant curves for production of keratinase by
Streptomyces fradiae in feather meal appeared to be diphasic suggesting that
action on feather keratin involved the production of adaptive enzymes.

For the amino acids, on the other hand, the same trend was found,
since the obtained values still in the same level after the third day of
fermentation as can be seen in the same Table.

For keratinase activity, the second strain B. licheniformis, PWD-28
showed complete different behaviour compared to that of B. licheniformis,
CF-26. (Table, 3). Listed data illustrate that good enzymatic activity was found
at pH 7.0 after the three examined intervals times. Moreover, at pH 9.0, the
enzymatic activity was higher than that found at pH 7.0. This mean that the
activity of keratinase was higher at alkaline media than that of neutral one by
1.1, 1.3 and 1.5 fold at the 3, 6" and 9" day of fermentation. Regarding the
proteolytic activity, again the two tested strains exhibited different behaviour
in their activities. Data in Table (3) show three proteolytic enzymes in the
neutral range, since the first one is obtained at pH 7.5 after the third day of
fermentation. The second and the third enzymes are obtained after the g™
and the 9" day of fermentation, both of them are falled at pH 7.5.

Concerning the total soluble proteins (TSP) and total free amino acids
(FAA), the values produced by B. licheniformis, PWD-28 showed to be in the
same levels of that obtained by the other tested strain. Values of TSP show
that the values decrease after the 6" day of fermentation in case of pH 7.0
and 7.5. In case of pH 8.5, the values of TSP seems to be constant after the
3rd day of fermentation. When applying the initial pH at 8.5and 9.0, the
values of TSP go further to the 9" day at increase values up to the 9" day of
the fermentation process. Opposite results were obtained by Abdel-Hafez et
al. (1995) who found that the increase or decrease the initial pH of the cultural
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medium to 9.5 or to 6.0 resulted in a considerable reduction in microbial
growth and keratinase activity. In contrast, the values of free amino acids
exhibited the same behaviour in all examined values of pH as can be seen in
Table (3) The measured values of FAA go up to the 6" day, then decreased
at the 9" day of fermentation. Hussein and Elakied (1989) found that
Thermoactinomyces keratinolyticus hydrolyses chicken feather bringing its
complete solubilization in five days and releasing 52% of its amino acids
content in the cultural broth.

Because of the increase both TSP and FAA within the action of
keratinase during the biodegradation of chicken feather as sole source of
carbon and nitrogen, evidence that these two tested bacterial strains posses a
potent proteinases activities. This observation, pointed out the existence of
multienzyme system. This is in agreement of that of Nickerson and Durand
(1963), who demonstrated that the purified keratinase transforms keratin to
peptides, but it is unable to further degradation of such compound, that what
proteinase do. Furthermore, results obtained could also suggest that the two
tested strains are thermoalkalophilic bacteria according to Brock (1978). The
statistical analysis applied suggested the significant differences between all
parameters under investigation either for pH values or the examined time of
fermentation, except some cases as shown in the same Table.

Effect of growth temperature:

To determine the optimum temperature of the bacterial growth and
keratinolytic enzyme production, shake flask experiments were realized on
two different temperatures, 40°C and 55°C each at 7.5 and 9.0 of pH value.
Data obtained are listed in Table (4). Tabulated data show that the activity of
keratinase (KU) was higher at 7.5 pH than that at pH 9.0 by 3.5 times at 40°C
after the third day of fermentation. Opposite result was found after the 6 day
since 1.2 increase fold was found at pH 9 than that at pH 7.5 at 40°C.
Regarding the total soluble protein (TSP), it could be seen that TSP value was
higher by 1.2 fold at pH 7.5 than that obtained at pH 9.0. At the 6" day of
fermentation, the value of TSP at pH 9.0 was higher than that at pH 7.5 by
1.14. Concerning the values of these two parameters at 55°C, the value of KU
showed to be 1.9 times more at pH 9.0 than that value at 7.5, while opposite
results were found to be higher at 7.5 than at 9.0 by 1.4 fold.
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Table (4): Effect of growth temperature on the keratinase production by

B. licheniformis, CF-26.
Incub. Keratinase Proteinase
Temp Initial | activity, Kuimlat | F- L.S.D. activity, Tu/ml at| F- L.S.D.
incubation incubation
periods (day) of periods (day) of
(*C) pH 3 6 test | 0.05 0.01 3 1] test | 0.05 0.01
40 L9 6.00 11.98 ™ 1148 340 [0338 0223 * |0.020 0.05
9.0 1.70 14.39 " |0.08 0.18 | 0.160 0.193| ** [0.007 0.02
55 7.5 3.88 11.33 ** 1008 0.18 | 0.660 0.182| ** |0.0001 0.0003
9.0 7.25 8.20 ** [0.06 0.13 |0.588 0217| " |0.020 0.04
F-‘ st -k *h -t -
ESD:
0.05| 0.03 0.04 0.004 0.01
0.01] 0.05 0.05 0.006 0.02
Free amino
Totgl soluble acids (ppm) at
protein (ppm) at incubation
Initial incubation F- L.S.D. eriods (day) F- LSD
periods (day) of P o y
pH 3 ) test 1 0.05 0.01 3 6 test | 0.05 0.01
40 7.0 2240 2.01 = 1007017411230 3390 ™ | 010 024
9.0 1800 230 NS 1.540 3278 ™ |- 011 025
55 15 0.488 1.14 "™ 1001 002 |3326 3.176| ** | 0.06 0.15
9.0 8:530- 2.26 ** |040 0.80 [3.255 1504{ * | 0.15 0.35
F'test - - - -
L.S.D.
0.05! 0.16 0.32 0.06 0.05
0.01] 0.25 0.48 0.10 0.07

For the proteinase activity (TU/ml of cultural filtrate), the results show
that the activity in case of pH 7.5 more than its value obtained at pH 9.0 when
the microbial growth was carried out at 40°C. The total free amino acids was
1.3 higher at pH 9.0 than that of pH 7.5 after the 3rd day. After the 6" day of
fermentation, opposite cbservation was found since the value of FAA was
higher at pH 7.5 than that of pH 9.0 by 1.0 time. Meanwhile, resuits of the
statistical analysis showed significant differences between different
treatments performed and examined times as well. The least significant
differences were also calculated at two different levels as shown in the same
Table.

The effect of temperature was also examined for the second strain B.
licheniformis, PWD-28 and obtained resuits are listed in Table (5). Tabulated
data show that keratinase activity (KU/ml) was lower at pH 7.5 than its value
obtained at pH 9.0 as initial pH of cultivation medium at 40°C by 1.2 time after
the third day of incubation. The same enzyme shows opposite result after the
Bth day of fermentation at 40°C by 1.2 time. At 55°C, the results in Table (5)
are also differed according to the initial pH of the cultural filtrate for either
proteolytic enzyme or free amino acids obtained. Topiwala and Sinclair (1971)
noticed that increasing of cultivation temperature may appreciably change the
physical properties of the culture medium and hence indirectly affect the cell
metabolism. The other effect of temperature is lowering solubility of oxygen,
since at 70°C is 5% of that at 20°C.
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Hussein and Swelim (1989) used Micropolyspora keratinolytica to
bring out the complete solubilization of chicken feather converting it into
soluble proteins, amino acids and ammonia. They obtained 129 units of
keratinase per ml of cultural broth.

For the total soluble proteins (TSP) obtained at 40°C at the two
examined time intervals, it could be not:ced that the produced TSP at 6™ day
of fermentation was lower than that of 3" day by 1.3 time (pH 7.5). In contrast,
the TSP value obtained at pH 9.0 was higher after the 6" day by 1.1 higher
than that obtained after the 3" day of fermentation at the same temperature.
Abdel-Hafez et al. (1995) found that keratinase activity increased and
reaching the maximal values at the 4™ day of fermentation.

At 55°C, the actnwty of keratanase was higher at 9.0 pH than that at
7.5 by 1.2 and 2.2 after the 3" day and 6" day, respectively. The total soluble
protein (TSP) obtained at the 3™ day of fermentation period was higher at pH
9.0 than its value at pH 7.5 by about 1.9. At the 6" day, the produced TSP at
pH 9.0 was higher than its value at pH 7.5 by 6.6 time. Recorded data in
Table (5) show also that TSP obtained at pH 7.5 as initial pH of the
fermentation medium was not significant at 55°C, while it was highly
significant for that obtained at pH 9.0. Williams et ai. (1990) found that the
complete degradation of the keratin to TSP and FAA after 7 to 10 days of
incubation at 50°C.

The experimental values of protinase activity (PA) were found to be
better at pH 9.0 than the same values measured at pH 7.5 at 40°C for the 3rd
day of examined fermentation period as shown in the same Tabie. The same
trend was found for the total free amino acids (FAA) obtained under the same
cultivation conditions. Both of PA and FAA showed to be highly significant
either at the level of pH tested or at examined interval times.

All parameters tested were decreased at 55°C after the 3rd day of
fermentation, except the value of FAA which went further to the 6th day.
Statistical analysis values (Table 5) showed high significant differences for all,
except the parameters of proteinase and TSP of 55°C at pH 7.5. Hussein and
Elakied (1989) applied Thermoactinomyces keratinolyticus to reach complete
solubilization of chicken feather in 9 days of incubation at 55°C.

Obtained results suggest that the two strains used in this investigation
can be considered as facultative thermophiles according to the definition of
thermophily (Sonnleitner, 1984). Abdel-Hafez et al. (1995) found that 96.3% of
the total isolates of keratinolytic actinomycetes were facultative thermophiles.

The statistical analysis applied suggested the significant differences
between all parameters under investigation either in growth temperature or
the examined time of fermentation, except some cases as shown in the same
Table.

Effect of inoculum size:

The inoculum size was examined and obtained results are listed in
Tables (6 and 7) for the two tested strams Tabulated data (Table 6) showed
that 10% of inoculum size (6 x 10° cfu/ml) was the optimum with the first
bacterium B. licheniformis, CF-26. Keratinase production was better after 6
days of incubation being 3.68 KU/ml of cultural filirate. At the same time, the
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measured value of TSP was 2.52 ppm of cultural filtrate. For the proteinase
activity, On the other hand, its maximum yield was found after the same
incubation period to be 40.43 TU/ml of cultural filtrate as shown in the same
Table. Interestingly, the produced value of free amino acids (FAA) was
correlated with corresponding value of proteinase at the same time (6 days
fermentation) being 3.185 ppm of cultural filtrate. Snitsar et al. (1975)
reported that after cleavage of disulfide bridges, hydrolyzate of keratin was
readily digested by gastrointestinal enzymes, hence hydrolysis turned the
protein to polypeptides and free amino acids. Data presented in Table (7)
showed that 10% inoculum size gave 2.61 KU/ml of cultural filtrate, which
correlated with the value of TSP to be 3.41 ppm of cultural filtrate after the 9"
day of fermentation. Obtained results by B. licheniformis, PWD-28 showed
also significant differences between all the treatment expressed in inoculum
size used and times examined as well. On the other hand, 89.32 TU/ml was
obtained after the 9™ day of fermentation in case of 10% inoculum size, which
met 3.0 ppm of FAA cultural filtrate. Again, the statistical analysis by F-test
and LSD showed significant differences at all examined levels.

4108



El-Fadaly, H. et al

0850 0040 0500 0200 0010 ¢i00 100 '
00’0 08¢0 0E00 100 000 8000 |[S00
.D.m..L
= . - . we o 15914
€10 800 . yZ0E GBL'E G66'¢C 0200 0100 - €992 916¢ 806'L oL
910 0L0 - €LL'L  980°1 G/6'0 | 0L¥O 0620 - 0s8'¢ oL’ vos'L 8
€00 200 - voeL 26Z°1 086¢C oLZz0 02L0 - oF 4 A 0ee’L €101 9
610 Lo - AT N A 1680 | G000 €000 . 826¢C pveL £660 14
ke = SN | 8141 0991 €251 9100 6000 ur \WwZ'e 1602 6060 4
100 | so0 | 15 6 9 £ Lo'o 500 isa} 6 9 € (%) az1s
J0 (Kep)
‘a's -4 spouad uopeqnoul je ‘as™ -4 jo (Aep) spouad uopeqnaul wnnaou|
(wdd) spioe oujwe aaij e (wdd) uj@rosd ejqnjos [e10L
(114 ¥o'L 16°1L 600 00 v00 100
or'L 0.0 0.0 900 G000 €00 SO0
‘a’s
. u . . - - 15814
LZ 9l . £9l ey or 8L°G Lo 200 . AN 89°¢E GL'L ol
¢ £l v vv'e 6.'6€ 0L92 600 S00 e 260 89’1 LS50 8
9c 9l v €09 68'FL GOvE 800 S00 . gl 62¢ 820 9
A Gl . or'sL  9l'se 6¥'€C Zlo 200 v vl Z9¢ 020 v
61 Cl e 6LCL LviZ rL8l 9g'0 alL'0 vs €50 681 810 C
100 S00 | 1S9 6 9 € 100 S0°0 159} 6 9 € (%) azis
0 (Aep)
‘arsM -4 spouad uoneqnoul ‘ars -4 J0 (Aep) spouad uoneqnoul wnjnaou|

e AJ1An0®. aSBUIS)0.d

1B |wyny ‘AJAoe aseunelay

“9z-49 ‘siwiojiuayd)] ‘g Aq uononpoid aseuljeidy auy) uo azis

wnjnaoutl jo 3243 :(9) aiqel

4109



S00 S00 600 M0 0200 6000 [LO0 1_
00 €00 900 0200 5100 9000 (500
a's
[Tl ne . ww - e -mmu.n_
00 - 600'E lEV'E LETE L0°0 6000 - Sov'e 1092 LEEL 0l
900 v ccl’l 150'¢E veEZ € 200 100 - 9e.'0 £68°0 yobL 8
900 . £80°L giv'e LEV'E $0°0 200 - ¥oe'e 6E2L ¢80 9
S00 - 1501 VA 4544 00E'E 200 100 - 45: ¢ 3 9.80 v |
S00 . £0EC 99¢'¢ LZE'E £0°0 200 - GSO'L 6280 198°0 c
S0°0 159} ;m ) %& £ 100 S0°0 159 Ama 9 £ (%) oz1s
g J0 (Aep) sposad uoneqgnoul e 1o (Aep) spouad uoneqnouy
asm -4 je (wdd) spioe ouiwe aas4 asm 4 |je (wdd) uiszoud a|qn|os |ejo) s Gl
2L0 60'L oee ¥6°0 cl'0 600 100
050 0L0 09'tL 090 800 200 S0 0
‘asn
- v w . . uw 1Sal-4
9l - 268 Yooy 8€°L9 9Z'0 GLl'o . 19 G§'C GL'L ol
60 . 0o¥'89 yeLL ve' Ll 800 S00 . 1G°L 8L'C 020 8
80 . 66'8 18°0% 659 €10 800 .- vi'e 8.2 190 9
€1 w 6681 ve'Ze Li'8e vZo SL0 - 651 661 900 4
ve we ¥eZl 2562 00'6Z 19°L 160 e S0'L 8L'¢ ZLl0 <
S0°0 158} ;m ) ea £ o0 S0°0 159} Am_a 9 3 £ (%) oz1s
o 40 (Aep) spouad uonegnou) . 3o (Aep) spouad uopeqnouy
asn -4 1e juyn] ‘Aianoe aseuisjold asm -4 1e jwyny ‘Ajianoe aseunesay uRMRao

J. Agric. Sci. Mansoura Univ., 27(6), June, 2002

"82-QMd ‘siusoyiuayall 'g Aq uononpoid aseunels) ay) UC San|eA azis WNJNJ0UT JO 30943 +(Z) AIGEL

4110



El-Fadaly, H. et al

REFERENCES

Abdel-Hafez, A.M.; S.A.Z. Mahmoud; E.A. Saleh; M.K. Abdel-Fatah and
S.F.M. Shehata (1995). Studies on the keratinolytic enzymes of
thermophilic actinomysces. 1. Production of thermostable keratinase
enzyme and identification of keratinolytic thermophilic actinomycetes.
Egypt. J. Microbiol., 30(2):203-221.

Brock, T.D. (1978). In Thermophiles. General, Molecular and Applied
Microbiology. (Brock, T.D. Ed.), John Wiley & Sons, New York, 1-16.

Chandrajeet, J.S.; B.S. Geetha and B.S. Sundara (1995). Biodegradation of
certain keratin substrates in vitro by some keratinophilic fungi. Ad.
Plant Sci., 8(2):271-276.

El-Fadaly, H. (1996). Biohydrolysis of some poultry by-products. 1. Factors
involved in keratinase production from feather under mesophilic
conditions. Arab. Univ. J. Agric. Sci,, Ain Shams Univ., Cairo (1 &
2):39-52.

El-Fadaly, H., |. lbrahim and Naglaa. Hamdy (2002). Isolation and
identification of keratinase producing bacteria.(In press)

El-Facaly, H.; M.l. Sanad and N.S. Erian (1996). Biochemical evaluation of
microbiological treated poultry feather and processed cattle hair. Proc.
Food Borne Cont & Egypt. Health Conf., Mansoura Univ., 26-27 Nov.,
333-343.

El-Fadaly, H. and K.A. Zaied (1999). Microbial degradation of native keratin
in batch fermentation. Pakist. J. Biological Sci., 2(3):627-634.

El-Mayergi, H.H. and RE. Smith (1971). Influence of growth of
Streptomyces fradiae on pepsin-HCI digestibility and methionine
content of feather meal. Can. J. Microbiol., 17:1067-1072.

Friedrich, AB. and G. Antranikian (1996). Keratin degradation by
Fevidobacterium pennavorans, a noval thermophilic anaerobic species
of the order Thermotogales. Appl. and Environ. Microbiol., 62(8):2875-
2882.

Gomez, KA. and AA. Gomez (1984). Statistical Procedures for the
Agricultural Researches. John Wiley and Sons, Inc. New York.

Herskowitz, 1.H. (1973). Basic Principles of Molecular Genetics. Thomas
Nelson and Sons. Ltd. 36 Park St., London, W.1., U.K.

Hussein, A.M. and Z. Elakied (1989). Biodegradation of chicken feather into
amino acids and their consumption by Thermoactinomyces
keratinolyticus. Proc. 7th Conf. Microbial., Cairo, Nov. 52-65.

Hussein, A.M.; A. Ghazy and M.A. Swelim (1986). Biodegradation of chicken
feather by Micropolyspora keratinolytica as affected by different
sources of carbon and nitrogen nutrition. Proc. VI. Conf. Microbial.,
Cairo, vol. | part Il, 315-338.

Hussein, A.M. and M.A. Swelim (1989). Adaptation course of Micropolyspora
keratinolytica to chicken feather and consequent intensification of
bioconversion of feather into soluble nitrogenous products. Proc. 7
Conf. Microbiol., Cairo, Nov. 19-22, 31-39.

411



J. Agric. Sci. Mansoura Univ., 27(6), June, 2002

Kunert, J. (1976). Studies on the proteolytic enzymes of the dermatophyte
Microsporum gypseum. Part 2: Keratinolytic activity of the culture fluid.
Acta Univ. Palacki Olomuc Fac. Med., 79:125-140.

Lee, Y.P. and T. Takahashi (1966). An improved calorimetric determination
of amino acids with the use of ninhydrine. Anal. Biochem., 14:71.

Lin, X.; J.H. Shih and H.E. Swaisgood (1996). Hydrolysis of feather keratin by
immobilized keratinase. Appl. and Environ. Microbiol., 62(11):4273-
4275.

Lowry, O.H.; N.J. Roschrough; A.L. Farr and R.J. Randall (1951). Protein
measurement with the folin phenol reagent. J. Biol. Chem., 193:265-
275.

Lupin, LV.; D. Korner, A. Tanfel and H. Kuttloff (1982). Application of
automatic protease determination in a fermenter. Enz. Microbiol.
Technol., 4:104-106.

Naguib, M.l; Z.K. Mohamed and AF. Yassin (1982). Studies on
actinomycetes of Egyptian soil. 6. Dynamics of keratinolytic activity of
selected Streptomyces species. Egypt. J. Microbiol., 17(1-2):1-14.

Nickerson, W.J. and S.C. Durand (1963). Keratinase. |l. Properties of the
crystalline enzyme. Biochem. Biophys. Acta., 77:209-338.

Nickerson, W.J.: J.J. Noval and R.S. Robinson (1963). Keratinase. l.
Properties of the enzyme conjugate elaborated by Streptomyces
fradiae. Biochem. Biophys. Acta., 77:73-86.

Scatt, S.W. (1993). Bacteria and yeast on the surface and within non-
inflamed hair follicles of skin biopsies from cats and dogs with non-
neoplastic dermatoses. Cornell Veterinarian, 82(4):371-377.

Snitsar, A.; E. Gayevoy; V. Peterovsky and M. Patrashev (1975). Processing
keratin-containing raw materials by means of hydrolysis. Meat Industry
USSR, 56(12):19-21.

Sonnleitner, B. (1984). Biotechnology of thermophilic bacteria: growth,
product, and applications. Adv. Biochem. Eng. Biotechnol., 28:69-138.

Thomas, RW.AP.; S. Rosa; F. Bicca ; C.P.S. Coppeti; A.S.K. Fonseca; C.
Terminognoni and C.C. Gaylarde (1995). Keratinase production by
bacterial isolates from a chicken feather meal factory. Proc. 9" Int.
Biodet. Biodeg. Sym., Leeds, UK, 5-10 Sept., 400-406.

Topiwala, H. and C.G. Sinclair (1971). Temperature relationship in
continuous culture. Biotech. Bioeng., XIli, 785-813.

Williams, C.M.; C.S. Richter; J.M. Mackenzie and C.H.J. Shih (1990).
Isolation, identification and characterization of a feather degrading
bacterium. Appl. Environ. Microbiol., 56(6):1509-1515.

4112



El-Fadaly, H. et al

G Dbl e Aty B R0 S S0 UG
e g3 = ) ) Jeland = Aadl G
5 geaial) dnala — A8 50 A8 — 2 gl g g Sl aud

il P tT alis El;_‘.ﬂ ERAR pladiuly 5udl Sl a3 Al sl
S5 A Jalgall 038+ CaISE diaidie A3 Ay 8 Aghally A Jal gal) ae
sl 550 m Aa ¢ A 8l i g ougd GV A5 ¢ (Zlad Al ) Jelial 5ol
Bacillus 5 238 oD 2ladiuly Jal sall 53 dl) 50 50 axdiidl) Ul aaa
LK o f_:.ﬂ.._.\.\“ S licheniformis CF-26 and Bacillus licheniformis PWD-28.
IR S suads zlas il ) %Y Hladiu) Al 8 e ) Bl el il D)
Lt 300 Ll oaall Ciaa g IS ¢ jadill ddec o pLl A ey Cm g iy
Ll v il e PWD-28 ¢« CF-26 oDl duaily 4 ¢ A s g 501 Y1 08
ezl e el o €0 do 50 Sl caanl CF-26 50 el da el dailly
o S Lasie Ll o ¥V —in g yua G o) e dllyy Gilead 230 20 00
Al Al Al el 05 e ), 4 Bl e dal) CulS a4 s gl
Go—is 3 Ga J8 V0 g il die S 27 £ e i) 2 old PWD-28
Sl € Cua dpaSe Ayl CulS o 00 e L v 2addl e QAN o0l 2aa3 56 ), Y
.\._ia(,.u:-.....«liclimea;]&.uﬂb 'J._I.A‘&—J?L‘Ii‘-‘.h.la._lu:.l‘f‘ Aol V,e _,‘J.aal q
* Ofeddinadl ol GISE B A %) A culS

4113




