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ABSTRACT

A quadratic central composite design (CCD) in response surface methodology was applied to explicate the
combinational concentration of effectors that influence fermentative cellulase production by Brevibacillus
parabrevis. It was examine that 10% inoculums ((7X10"/ml)) concentration and 37°C temperature was optimum for
cellulase production after 24 h of fermentation. Concentration of effectors (g/100 ml), sodium alginate, 0.3; gum
arabica, 0.476; milk whey, 4.75 and Tween 80, 0.85 and pH, 6.5 was optimized, which enhanced enzyme production
(126 1U/L) by 2.26 fold on the contrary to the control (48 IU/L). Subsequently supplementation with different carbon
source and metal ions also exhibited enhancement in enzyme synthesis.

Key words: CellulaseBrevibacillus parabrevis, response surface methodology

INTRODUCTION

Cellulose is a linear polymer of glucose units édktogether by -1,4-glycosidic bonds and most abundant
renewable carbon source in the world. It is hygretl by enzyme cellulase to glucose, later is dee@thanol,
organic acids and other chemicals production [Hliuase (E.C 3.2.1.4) is mainly produced by furgicteria &
protozoans [2] and has broad range of commercglicgtions [3, 4]. Exploitation of cellulase is exysive process
but cost can be minimized by enhanced productioB,[3, 8, 9, 10]. Hence, cellulase production fromvide range
of microorganisms has been studied extensively. [Cbhsiderable progress has been achieved for detihlase
production by optimization of best possible fernagioth conditions by statistical and classical mdthBormer
method is based on combinational interactions affmmnents/conditions, in contrary to classical meéshahich are
based on one by one variable of optimization fotinopm production. A statistical technique, Resposadgace
methodology (RSM), has been successfully used ésigding experiments, building models and evalgathre
effects of factors in product formation [12, 13, 1%, 16, 17, 18]. This study describes the stasis{response
surface methodology, RSM) optimization of effectoosmicentration i.e. sodium alginate, gum arabicék mhey,
Tween 80 and pH, for improved cellulase productipnB. parabrevis. The information would be useful for
enhanced enzyme production which will subsequed#lyelop cost effective hydrolysis of celluloses Bypad
range of application.
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MATERIALS AND METHODS

Optimization of culture conditions for maximum cellulase production

B. parabrevis cell (7x10°/ml) were grown in 250 ml Erlenmeyer flask contami50 ml of medium (M1),
composition was (g/100 ml)gptone, 0.5; sodium chloride, 0.5; beef extra&;, Weast extract, 0.5; Carboxymethyl
cellulose, 2.0 and pH-7.0The sterilized medium (15 min at 1% was inoculated witlB. parabrevis and
incubated in orbital shaker (250 rev. mjnat 37C. Microbial biomass was harvested by centrifugatib 8000x g
for 20 min in a centrifuge fitted with fixed angletor. The supernatant constituted the cellulagseesmzyme activity
was determined. In order to access the optimum ittond for enzyme production, process parametegs i.
incubation period, inoculums %, and temperaturesvegtimized.

Cellulase assay

The cellulase (CMCase) activity was assayed acegrth Ghose [19], where appropriately enzyme sahufi0.5
ml) was mixed to 0.5 ml CMC (0.5 % CMC in phosphiaiéfer 0.2M, pH 6.0) and incubated af@Cfor 30 min. In
the assay, release of reducing sugars from wasndeed by Miller, [20] method. One internationalitu(iU) of
enzyme activity was defined as the amount of enzifraecatalyzed the liberation of reducing sugarient to
1.0 uM glucose mirtunder assay conditions.

Experimental design and optimization of process pameters for cellulase production

Design expert 8.01. software was used to conswantral composite design (CCD) to investigate fiacthat
influence cellulase production. In CCD, central ued (0) and the levels of the variables investijate
experimental design were; sodium alginate (X1),%;35um Arabica(X2), 0.476; nik whey, (X3) 4.75; Tween
80, 0.85 ; pHX4), 6.5 (Table 1)

Table 1. Factors involved in RSM for optimization é cellulase production

Factor | Name units | Low actual (-1) | central values (0) | High actual (+1)
A Sodium Alginate| % 0.1 0.3 0.5
B Gum Arabica % 0.2 0.47 0.75
C Milk whey % 25 4.75 7.0
D Tween 8! % 0.2 0.8t 1.t
E pH - 5.5 6.5 7.5

Different combination of variables was adjustedaading to design (Table 2) in medium (M1) andcination
was carried with 10% (7xIGells/ml) inoculums and incubated a@7emperature and for 24 h. Supernatant
containing cellulase enzyme was separated frommdms by centrifugation and enzyme activity wasmeined by
standard procedure. Subsequently effect of suppitatien of different carbon source and metal ionseazyme
synthesis was determined for improved enzyme pitiatuc

The Design expert 8.0.1 software, was used foressyon and graphical analyses of the data obtaitezl optimal
concentrations of critical medium components westained by ridge analysis and contour plots. Tlatistical
analysis of the model was performed in the forrarwlysis of variance (ANOVA).

RESULTS AND DISCUSSION

Different percentage (2.5, 3, 5, 7, 10, 12, and 1 8%activatedB. parabrevis cell (7 x 10 spores/ml) was
inoculated in medium to study effect on cellulaseyene production. Maximum cellulase enzyme actit§
IU/L) at 10% inoculums was obtained. Increase wculums size (5-10 %), enhanced enzyme productibratber
that remains constant (Fig.1). Depletion of nutiselny the enhanced biomass, which result dwindlmétabolic
activity and balance between the increasing bionfasaccessible nutrient would yield an optimal ensym
production [21, 22].

The optimization of incubation temperature for gkdbe production fromB. parabrevis under submerged
conditions revealed that production increased gabylirom 28 to 37°C (Fig. 2), with maximal (48 Itdl) at 37°C
and pH 7 after 24 h. Beyond 37°C temperature neggtaffected the production.
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Fig.1 (a)Effect of inoculums conc. (%) and (b ) mperature (°C)on enzyme production

Combinative impact of effectors on enzyme production

Different effectors were added in fermentation madas per CCD (Table 2), and effect of differenhbmmation on
cellulase production was analyzed. The concentraifesodium alginate (0.5%), gum arabica (0.75%i)k mhey
(7%), Tween 80 (1.5%) and pH (6.5) in submergethéatation were chosen as optimum for maximum pribaluc
(126 1U/L) was 2.6 fold higher (Table 2) in confrao control (48 1U/L). Friedman, [23] and Wincheset al., [24]
research indicates that strains of bacteria caimdigced to synthesize enzymes by gum areabicadbgtle urea
and other nitrogen compounds. Surfactant Tweera8bken generally added to media where cellutolytigi are
grown. The mechanism of yield enhancement by Tw&e@ris not well understood but may be related to the
increased permeability of the cell membrane, whitdreases release of the enzymes from cells [2&6¢sR and
Maguire [26] found that the addition of Tween 80 ttee growth medium improved the cellulase yield in
Trichoderma.

Regression analysis was performed to fit the respofunction with the experimental data. The siatibt
significance of the second order model equation elesked by an F-test ANOVA (Table 3).The regressimdel
for cellulase production was highly significant (p803) with a satisfactory value of determinatiareficient
(R2=0.95), indicating that 95 % of the variabiliihe Model F-value of 5.26 implies the model isnffigant. There
is only a 0.01% chance that a "Model F-Value" thigie could occur due to noise. Values of "Prob' 3eBs than
0.0500 indicate model terms are significant. TheetlPR-Squared" of 0.7664 is as close to the "A@drared" of
0.7757 as one might normally expect (Table 4). ABezgision” measures the signal to noise ratiovahae greater
than 4 is desirable. In the analysis ratio of 9.B@Bcates an adequate signal. This model can ée wsnavigate the
design space. The canonical analysis from theegpanse surface based on dependent variable2jHigvealed
that maximum cellulase activity of 1261U/L, was Bled at the point whesodium alginat€0.5%), gum arabica
(0.75%), milk whey (7%), Tween 80 (1.5%) and pH5j6at temperature, 3Z and incubation period 24 h was
implied for enzyme production by submerged fermigma
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Table 2.Values of effectors concentration for CCD along wit the experimental values of cellulase enzyme prodtion from B. parabrevis

Factor under investigation for cellulase production -
Run A (%) B (%) C (%) D (%)p E CMCase activity (IU/L)
1 0.10 0.75 7.00 0.20 7.50 81
2 0.10 0.20 7.00 1.50 5.50 111
3 0.1( 0.2( 7.0C 1.5 7.5 74
4 0.50 0.20 2.50 0.20 7.50 96
5 0.10 0.20 2.50 0.20 7.50 96
6 0.30 0.47 4.75 2.40 6.50 93
7 0.50 0.75 7.00 1.50 6.50 126
8 0.50 0.20 2.50 1.50 5.50 97
9 0.5C 0.2C 7.0C 0.2C 7.5C 107
10 0.3(C 0.47 0.6(C 0.8¢ 6.5( 77
11 0.30 0.47 4.75 0.85 6.50 85
12 0.50 0.75 2.50 0.20 5.50 112
13 0.30 0.47 4.75 0.70 6.50 44
14 0.50 0.75 2.50 1.50 5.50 85
15 0.5C 0.7¢ 7.0C 0.2C 7.5C 63
16 0.3( 0.47 4.7¢ 0.8t 6.5C 77
17 0.30 0.47 4.75 0.85 8.88 77
18 0.30 0.47 4.75 0.85 6.50 55
19 0.10 0.20 2.50 1.50 7.50 88
20 0.78 0.47 4.75 0.85 6.50 81
21 0.3(C 0.1¢€ 4.7t 0.8¢ 6.5C 74
22 0.3(C 1.1 4.7¢ 0.8¢ 6.5( 63
23 0.10 0.20 7.00 0.20 7.50 55
24 0.50 0.20 2.50 1.50 7.50 74
25 0.30 0.47 4.75 0.85 6.50 55
26 0.30 0.47 4.75 0.85 6.50 77
27 0.1¢ 0.47 4.7¢ 0.8t 6.5( 81
28 0.30 0.47 4.75 0.85 6.50 55
29 0.50 0.75 2.50 0.20 7.50 81
30 0.50 0.20 2.50 0.20 5.50 111
31 0.10 0.75 2.50 1.50 7.50 96
32 0.50 0.20 7.00 0.20 5.50 112
33 0.1(C 0.2C 2.5C 1.5C 5.5C 70
34 0.30 0.47 4.75 0.85 6.50 77
35 0.50 0.75 2.50 1.50 7.50 114
36 0.10 0.75 2.50 0.20 7.50 112
37 0.10 0.75 7.00 1.50 7.50 120
38 0.50 0.75 7.00 0.20 5.50 96
39 0.50 0.75 7.00 1.50 7.50 122
40 0.30 0.47 10.10 0.85 6.50 96
41 0.10 0.20 7.00 0.20 5.50 107
42 0.30 0.47 4.75 0.85 6.50 59
43 0.10 0.75 7.00 1.50 5.50 126
44 0.10 0.75 7.00 0.20 5.50 115
45 0.50 0.20 7.00 1.50 5.50 133
46 0.30 0.47 4.75 0.85 4.50 112
47 0.50 0.20 7.00 1.50 7.50 98
48 0.10 0.75 2.50 0.20 5.50 114
49 0.10 0.20 2.50 0.20 5.50 112
50 0.10 0.75 2.50 1.50 5.50 94
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Table 3: Analysis of variance table (ANOVA) for Reponse Surface Model

Source Sum of Squares| Df | Mean Square | F value | p-value Prob > F
Model 0.013 5 2.505E-003 5.28 0.0007
A-Sod. Alginate 3.251E-005 1 3.251E-005 0.068 0.7948
B-Gum arabica 3.796E-004 1 3.796E-004 0.80 0.3761
C-Milk Whey 4.770E-00¢ 1 4.770E-003 10.05 0.002¢
D-Tween 80 2.055E-033 1 2.055E-003 4.33 0.0433
E-pH 5.132E-003 1| 5.132E-003 10.81 0.0020
Residual 0.021 44 4.747E-004 1.66 0.2507
Lack of Fit 0.09 37| 5.067E-004

Pure Error 2.140E-003 7 3.056E-004  ---

Cor Tota 0.03: 49

Table 4. ANOVA results for CCD to determine the imgct of factors for cellulase production

Design-Expertd Softre
Factor Coding: Actil

CMCase actiiy

® Design points above predicted value:
0
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EpH=650

CMCase activity
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020

02070

A: Sodium alginate
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Std. Dev 271.22
Mean 817.00
Adj R-Squared | 0.7757
CV. % 33.20
R-Squared 0.8840
Pred R-Squared 0.766¢4
Adeq Precision 9.309
Design-Expert® Software
Factor Coding: Actual
CMCase actvity
0.148
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X1 = A Sodium alginate
X2 = C: Mik whey

Actual Factors
B2 Gum arabica = 0.47

Actual Factors

A Sodium alginate = 0.30
C: Mik whey = 4.75
E:pH=650

CMCase activity
CMcase activity

034

D: Tween 80 B: Gum arabica

(e ®
Fig.2 Surface plot for the effect of (a) sodium algate and gum Arabica (b)sodium alginate and TweeB0 (c)pH and sodium alginate
(d)milk way and gum Arabica(e)Tween 80 and Gum Arakra and( f)milk way and sodium alginate conc. on CiZase activity

Effect of different supplement carbon sources and etal ions on cellulase production

Although CMC supports the growth & parabrevis for cellulase production, but it may not supplyffisient

nutrients needed by the organism for maximum enzyroduction. Hence, the addition of different carlsmurces
glucose, lactose, maltose, starch, fructose antse¢o the medium was conceded to improve enzyoauption.
The supplement of glucose and lactose had litfiecebn cellulase production, while maltose, stafolctose and
sucrose were not effective for enhanced cellulasalyction. Among them, lactose and glucose improtrex
cellulase production by 1.15, 1.05 fold respectives compared to the control (Fig. 3a). Additioncbimical
compounds in fermentation medium can increase oredse enzyme production and are called inducehdaitor

respectively. Cellulase production was enhanced &itSQ andMnSQ, (10mM), while Na-EDTA, MgSQ and

CuSQ reduced cellulase production. But the effect wasantrary to enhancement with NaCl and Mg{8DmM)

in Pseudomonas fluorescens [27].
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Fig.3 Effect of different supplement (a) carbon soices and (b) metal ions on the cellulase producticinom B. parabrevis

Metal ions

CONCLUSION

In this study, CCD model using RSM was successfdyeloped for analysis of concentration of effectfor
cellulase production frorB. Parabrevis in submerged fermentation. CMCase activity 126._I1WAs achieved when
microorganism was cultivated at 37°C in the CMC med containing effectors sodium alginate (0.5%)mgu
arabica (0.75%), milk whey (7%), Tween 80 (1.5%pHt6.5 with incubation period for 24 h. Supplenation of
medium with carbon sources and metals ions favtire@nzyme production. So findings indicated thatrhodel is
reliable for maximize cellulase production.
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