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ABSTRACT

Five-level-five factors concept was utilized for the optimization for keratinase production by Acremonium strictum
RKSL. Experiments were performed as a function Duration, pH, Amount of substrate, Nitrogen source and Carbon
source. Optimization of these five parameters for the maximum production of keratinase was studied. Statistically
designed experiment using response surface methodology was used to get more information about the significant
effect and the interaction between the five parameters. 2" full factorial central composite design was employed for
the experimental design and analysis of result. The optimum process condition for maximum enzyme production as
follows: Duration 12.8 day, 10 pH, Amount of substrate 199mg, Nitrogen source 3.5% and Carbon source 3%. The
maximum keratin production was achieved (92.7%) at the optimum process conditions.
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INTRODUCTION

Keratinase is a group of proteolytic enzymes hydroly insoluble keratins, more efficiently than etlproteases. It
belongs to group of serine protease. The keratinase produced by some species of Bacillus (Brésset al.,
1999), some actinomycetes (Bockle et al., 1995)fandi (Kushwaha, 1983). There are relatively feaports are
available on keratinase of nondermatophytic fungi.

Although keratinase from dermatophytic fungi hased been well known due to their notorious pathageature
(Sohnle and Wagner 2000). These groups of enzyrmes bnly recently gained biotechnological impefliseir
growing importance is mainly contributed to thelasion of keratinase from non pathogenic microorg@nand
their ability to degrade the tough insoluble keraif feather and convert it into economically usééather meal
(Onifade et al., 1998; Lin et al., 1999; Riffle at, 2003), nitrogenous fertilizers, biodegraddfilas, glues, and
foils (Friedrich et al., 1996; Schrooyen et al.020De Toni et al., 2002).

Response surface methodology (RSM) has been wigslgl in the empirical study of the relationshipasetn one
or more measured response such as yield, on ok had a number of input variables such as timmapésature
and concentration on the other hand (Rao et abQ2Blibol et al., 2002). Empirical models and istatal analysis
are extremely important to elucidate basic mecmanis complex situation, thus providing better prexeontrol
and understanding. In most RSM problems the fornthef relationship between response and the indeménd
variables is unknown. Thus the first step in RSKbiapproximate the process to a function (f) imeaegion of the
independent variables. If the response is well nembdy a linear function of independent variabldé®n the
approximately function is a first-order model. lifete is curvature in the system or in the optimegian, then a
polynomial of higher degree, such as a second-araetel, must be used to approximate the resporse.nfain
objective of RSM is to determine the optimum operwl conditions for the system or to determinesgion that
satisfies the operating specifications (Hasmaral.e1999; Carla and Roberto 2001; Ferreira eR0;7; Techapun
et al., 2002; Box et al., 1978; Box and Draper 1987
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Some good examples of appropriate application & thchnique in lipase production (Agarry et alQ08),
production of microbial enzymes (Anustrup et al979), microbial degradation of phenol Bseudomonas
aeruginosa (Elibol and Ozer 2002) etc., are the optimizatidprocess variables.

It is evident from the literature that no work Heesen reported so far as for the optimization otpss variables of
the keratinase production froAtremonium strictum fungi. The present investigation was, thereforejastaken to
optimize the process variables viz., duration, phiount of substrate, nitrogen source and carborceptor the
production of keratinaseising RSM by adopting a five-level, five-factor tah composite rotatable design
(CCRD). Second- order model was used to generatge-tfimensional response surfaces for the keratinas
production

MATERIALS AND METHODS

2.1. Isolation method
The fungus strailAcremonium strictum RKS1 isolated from soil sample collected from leafteld using Hair
baiting method (Benedek, 1962) was used for thegorestudy.

2.2. Method for the keratinase production

The keratinase were measured by using the methéhoiani and Gupta (2004) with some modificatioihdécty
are as follows. For enzyme production a modifieddpiction medium were used which contained the \afig;
05% whole chicken feather ; 0.2% glucose 0.5% pept0.5% yeast extract; 0.1 %HKPQy; 0.3% KHPO,; 0.1%
Cach and 0.1% MgS® The above medium dispensed in 250 ml. Erlenmftggks and sterilized by autoclaving at
121°C for 20 min. Each flask was inoculated at 28°€ under shaking (250 rev. / min) for 2 hour daily to 8
days. Thereafter the culture broth obtained waeréitl and the cell free supernatant was then libfas@assays.

2.3. Analytical method for keratinase production

Keratinase activities were measured by the methestribed by Dozie et al.,, (1994). The reaction uomixt
containing 1 ml. of appropriately diluted enzymenéiof NaOH buffer (0.05 M, pH 10) and 20 mg oftfear were
incubated at 6 for 60 min. The reaction were terminated by agdirml of 5% (w/v) Trichloroacetic acid and the
tubes were incubated for 60 min at room temp. feaher and insoluble residue were removed byafitin
through glass wool and the control was preparea $imilar manner, except that 1 ml of 5% Trichlaetic acid
and 3 ml of the buffer were added instead of 4ahthe buffer used in the test. Keratinase actiwigs determined
by reading at 280nm against controls using UV-136imadzu UV-Visible spectrophotometer. One uniingU) of
keratinase activity was defined as an increasdsdrdpance of 0.01 at 280 nm.

2.4. Experimental Design

Response surface methodology (RSM) is a colleatfomathematical and statistical techniques thatuseful for
the modeling and analysis of problems in which spomse of interest is influenced by several vagmtand the
objective is to optimize this response. This appioe optimizing processes supports Taguchi’'s ghipdy, but
provides simple and more efficient methods thatem®er to learn and apply to carry this philosoptg practice
(Kumar et al., 2000; Grum and Slabe 2004; Rao.£2@00; Dasu and Panda 2000; Souza et al., 1999).

In this study, the effect of five independent vals in enzyme production system can be investighieusing
rotatable central composite design (CCD), whicbrie of the designs in response surface methodalegign for
the determination of quantitative relationship bexdw the response function and the process (Chowap@®008).
A 22 full factorial central composite design with fieeded levels leading to thirty two sets of experimeas
performed (Montgomery 1991). For statistical cadtioin, the variables were coded according to efBdk and
Behnken 1960; Box and Draper 1959; Maddox and Rict#77).

Xi — X

XI — | 10 (1)
DX,

Where X is the independent variable coded valyehea corresponding independent variable actual yadyehe

independent variable actual value on the cententamidAx; is the step change value.

Maximal keratinase production was investigated gisin central composite design (CCD) with five valéab
(Cochran and Cox 1959). This experiment design ceasidered appropriate since non- linear trendeustlidy.
The processing variables of duration, pH, amourgutfstrate, nitrogen source and carbon source etgrsen for
the CCD experiments.
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The study is based on the hypothesis that theikasat production is functionally related to processgables and
attempts to fit a multiple regression equation dbstgy the response, i.g, Table 1 listssariables in the descending
order of assumed importance as process variables.

Table 1 : Variables and their levels for central cmposite design

Independent Variables Symbols Levels

Coded Actual -2 -1 0 +1 +2
Duration (days) Xy X1 4 8 12 16 20
pH EX, X2 85 90 95 10 105
Amount of substrate (mg) X, Xa 100 150 200 250 300
Nitrogen source (%) Xy X4 3 4 5 6 7
Carbon source (%) Xs Xs 1 15 2 2.5 3

The design is dependent up on the symmetricalctsae of variation increments about the central
composition. These levels of variation were chosebe within the reasonable range, since interpogtaf the
result was validously within the experimental ligifThe levels selected were also based on the ugionl of
previous studies. The increments of variation facke variable spaced around the center point aloitiy the
equation relating the actual and coded ratios srsgmted in Table 1.

Table2 : Central Composite Design Arrangement anéResponse.
Experiment No. Variable Levels Keratinase productio
X1 Xo Xs X4 Xs p
1 -1 1 -1 1 1 0.63
2 -2 0 0 0 0 0.51
3 0O 2 0 0 o0 0.69
4 0 0 0 0 -2 0.94
5 0 0 -2 0 0 0.56
6 101 -1 1 -1 0.56
7 -1 -1 1 -1 -1 0.63
8 -1 1 -1 -1 1 0.57
9 1 1 1 -1 -1 0.71
10 1 -1 1 1 -1 0.66
11 0 -2 0 0 0 1.10
12 O 0 0 2 o0 0.95
13 1011 1 1 0.83
14 0 0 2 0 0 0.56
15 1 -1 -1 1 1 0.78
16 1 1 1 1 1 0.67
17 2 0 0 0 0 0.66
18 1 -1 -1 -1 -1 0.65
19 -1 01 -1 -1 1 0.73
20 0 0 0 -2 0 0.80
21 1 1 -1 -1 1 0.68
22 101 1 -1 1 0.63
23 -1 1 1 1 -1 0.83
24 1 -1 1 -1 1 0.79
25 o 0 O o0 2 0.92
26 1 1 -1 1 -1 0.94
27 0O 0 O o0 o 0.78
28 0O 0 O o0 o 0.80
29 0 0 0 0 0 0.82
30 0O 0 O o0 o 0.78
31 0O 0 O o0 o 0.84
32 0 0 0 0 0 0.79

As shown in Table 2, a set of 32 experiments wasethout. All variables were taken at a centrade value set at
zero. The minimum and maximum ranges of the vagmhbind full experimental plan with respect to theilues in
coded forms are also listed in Table 2. Upon cotigpieof the experiments, keratinase production ta&en as the
responseY). A second-order polynomial equation was therditto the data by a multiple regression procedure.
The equation resulted in an empirical model thites the measured response to the independenblesriof the
experiment. When several factors are involvedntbeel is expressed as follows:

5 5 5
Ykzbk0+zbkixi+zbknxi2+zbkijxixj ------------- 2
i=1 i=1

i#j=1
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where bko was the value of fitted response at the centertpafirdesign, i.e., point (0,0,0), ark!ki , bkii , and

bk__ were the linear, quadratic and cross-product regyragerms, respectively antis the response.
ij

2.4. Data analysis

Multiple regression analysis was conducted foinfittthe model represented by the equation to thperéxental
data. Maximization or minimization of the polynofnihus fitted was performed by numerical techniqueng the
mathematical optimizer procedure of Quattro Profi®Vord Perfect Office 12 (M/s Corel Corporation, A)Shat
deals with constraints. The mapping of the fittedponse was achieved using STATGRAPHICS Centurign X
version 15.1.02 (M/s StatPoint Inc., USA). The mwe surfaces and contour plot for these models pletted as
a function of two variables, while keeping otheriahles at the optimum level.

RESULTS AND DISCUSSION

3.1. Diagnostic checking of the fitted model

The coefficient of determinatioriR}) is the proportion of variability in the data eajsied by the diagnostic checking
of the fitted model and larger values Rfindicate a better fit of the model of the data. Region analyses for
different models indicated that the fitted quadratiodels accounted for more than 96.0% of the trans in the
experimental data, which were found to be highf§ynicant. The experimental data were fitted taeeaand — order
polynomial regression model containing linear, qadid and interaction using the same experimentsigh
software. The regression equation obtained aftaiyais of variance gives the level of extent of \wension of
novolac resin as a function of the different preceariables. All terms regardless of their sigmifice are included
in the following ed.

p= 0.71963 + 0.0477% + 0.0506X; - 0.0247&, + 0.0194%s - 0.0084X,> + 0.023423%:X, + 0.0170&X5 +
0.0315&s> e — @)

WhereX,, X,, X3, X4 andXs represent coded values of duratipH, amount of substrate, nitrogen source and carbon
source respectively amis the response variable (maximum production oatiease in Unit per 100ml).

The estimated effects were used to plot a starzizddPareto Chart for the model (Fig.1), the charisists of bars
with lengths proportional to the absolute valueshef estimated effects divided by their standaldes The chart
includes a vertical line at theoretidalalue for a 95% confidence level. A bar crossinig tertical line corresponds
to a factor or combination of factors that havdgmificant effect in the response. The regressioefficients are
shown in Table 3, as well as the correlation coiffit obtained for the model. The correlation coegdht for extent
of conversionp, (R* = 0.95) is quite satisfactory for response surfaces

Table 3: Estimated coefficients of fitted quadraticequation for response based onstatistics.

Coefficients Estimated coefficient

byo 0.71963
b 0.04772
bis 0.05061
ba -0.02478
bys 0.01944
bia1 -0.00842
bas 0.02342
bias 0.01708
byss 0.03154

3.2. Analysis of a variance

When a model has been selected, an analysis afanwa is calculated to assess how well the mageksents the
data. An analysis of a variance for the respongedsented in Table 4. To evaluate the goodned®ahodel, &-
value test was conducted. TRevalue for keratinase production was 2.22. Onltlisis, it can be concluded that the
selected model adequately represents the dataefatifkase production. From analysis of residudis, possible to
conclude that they were randomly distributed arozemd, and there was no evidence of outliers.
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Fig.1: Standard Pareto chart for the estimated effets of extent of conversionp
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Table 4: Analysis of variance for the proposed masl.

Keratinase production  Source of variation df Sum ofSquares Mean Square F —value

p Regression 20 0.40644 0.020322 2.22
Residual 11 0.10075 0.009159
Total 31 0.50718

3.3. Effect of process variables on extent of conversion

Model was useful in indicating the direction in whito change variables in order to maximize keaasn
production. The optimum conditions to yield maximuaratinaseproduction are presented in Table 5. The
optimum value op was found to be 0.927 which was higher than tighést value amongst the calculated values
based on the experimental design. The responsacssrin Figs. 2-11 is based on the aforesaid nfodel (Eq. 2)
with three variables kept constant at the optimemel and varying the remaining two within the exmpemntal
range. The surface plot along with the contour pfokeratinase productiomp) as a function of a duration aptt

has been shown in Fig. 2. It is clear from the riggthat the increase in durationgit beyond the optimum value of
extent of conversion increased the valug.oFurther, at fixed level of duration, the chandepshowed a linear
pattern with amount of substrate and vice-versa. difange op showed linear pattern with duration agehount of
substrate(Fig. 3). Similar effect was observed with duratiamd nitrogen source (Fig. 4). The carbon source of
medium changed extent of conversinmparabolic pattern with duration (Fig. 5). Alsofiaed level of duration, the
effect of carbon source gnwas found to be uniformly increasing. Fig. 6 shdwlee surface and contour plotspof

as a function opH and amount of substratehereas Figs 7-8, demonstrated the effeg-bfvith nitrogen source or
carbon source, respectively, on the extent of cwe, p. The increase gbH and nitrogen source decreased the
value of p upto an optimum value and then increased. Fig @ &rshowed the linear and parabolic pattern
respectively.

The surface plot o as a function of amount of substrate and nitroggamrceis shown in Fig. 9. The figure clearly
evidenced that the amount of substrate and nitregeince affecteg in a parabolic pattern. Change of amount of
substrate with carbon sourdBig. 10) demonstrated that the extent of conversiwreased progressively with
carbon source. The value pfinearly decreased with nitrogen source and irsgdavith carbon source (Fig. 11).

Table 5: Optimum conditions for maximum keratinaseproduction, p.

Process variables Coded values  Uncoded values
Duration (days) 0.2 12.8
pH 1.0 10.0
Amount of substrate (mg) -0.02 199
Nitrogen source (%) -15 3.5
Carbon source (%) 2.0 3.0

Maximum value of keratinase production, p = 0.927 percent
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Fig.2: Surface and contour plot between duration ad pH.
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Fig.4: Surface and contour plot between duration ad nitrogen source.
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Fig.5: Surface and contour plot between duration ad carbon source.
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Fig.7: Surface and contour plot between pH and nitngen source.
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Fig.9: Surface and contour plot between amount ofubstrate and nitrogen source.
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Fig.10: Surface and contour plot between amount cfubstrate and carbon source.
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Figl1: Surface and contour plot between nitrogen ssce and carbon source.

CONCLUSION

The process parameters applied in this study detnated a good performance. The CCD, regressiorysisaind
response surface method were effective in identifythe optimum condition of keratinapeoduction. Important
information was obtained through the RSM. It mayhaode that using RSM, with a minimum number of
experiments, can effectively optimize the keratiqa®duction. The maximum keratinageduction (92.7 percent)
was predicted when the duration 12.8 day, 10 pHyusof substrate 199mg, nitrogen source 3.5% amnbdon
source 3%. The maximum keratinge®duction was achieved (92.7%) at the optimum gssaonditions. These
predicted values for optimum process conditionsavireigood agreement with experimental data.
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