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ABSTRACT

A 2 step Response Surface Methodology (RSM) employing central com-
posite design (CCD) was applied for the optimization of cellulase produc-
tion by anewly isolated strain Flavobacteriumbolustinum. Initially, Plackett
Burman revealed the 4 significant factors (Temperature, Pineapple peel,
Ricestraw and NH,Cl) out of 9 onthe basis of their F-value. Secondly, a2*
full factorial central composite design and RSM were applied to determine
the optimal concentration of each significant factor. The result showed
that linear effect of temperature and pineapple peel and their interactions
(as P<0.05) were more significant than the linear and interactive effect of
the other variables. It showed the optimum condition for cellul ase produc-
tion as Pineapple peel 2%, Rice straw 0.6%, NH,Cl 0.15%, MgSO, 0.4%,
Glycerol 1% pH 9 Incubating at 40°C for 24 hrs at 200 rpm resulted in 2.26
fold increasein activity(601.08U/ml) ascompared toinitial level (265U/ml).
Analysisof variance (ANOVA) showed a high coefficient of determination
(R?) value 91.87 ensuring a satisfactory adjustment of quadratic model
with the experimental data. Using Agro waste, Pineapple and Rice straw as
carbon source reduces the cost of enzyme production thus making the
process economically sound, amajor challenge in cellulase production.
© 2012 Trade ScienceInc. - INDIA
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INTRODUCTION

Cdlulaseisasynergisticenzymethat isusad to bresk
up celluloseinto glucose or to other oligosaccharides™.
Cellulase can be produced by fungi, bacteria and
actinomyctes but the common producer isfungi. High
cost of cdllulasedueto expansive substrate used in pro-
duction such ascellulose and carboxymethylcellulose
by fungi and itsslow growth |ead to search for other
producersthoseovercomethelimitation faced by using

fungus. Answer liein bacteriahaving high growth rate
and has good potential to be used for cellulase produc-
tion. Moreover, cdlulase produced by bacteriaaremore
effective catayst and lessinhibited by thefeedback in-
hibition. Oneof themgjor parameter influencing the cost
of cellulase productionisthetypeof substrateusedin
production of theenzymée?. Theenzymatic hydrolysis
of celluloserequiretheuseof cellulase (1, 4-(1, 3)-p-
D-glucan glucanohydrolase, EC(3.2.1.4), amultiple
enzyme system consisting of endo 1,4,-B-D-
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glucanase] 1,4--D-glucanases(CMCase, EC3.2.14)]
and exo 1,4-B-D-glucanase(1,4-B-D-glucan
cellobiohydrolase, FPA, EC 3.2.1.91) along with
cellobiase (B-D-glucoside glucanohydrolase, EC
3.2.1.21)B4,

The cost of the enzyme productionis one of the
mai n factorsdetermining theeconomicsof the process.
Reducing the cost of the enzyme production by opti-
mi zing the medium and the processisthe goal of the
basi cresearch for industria application. Recently, sta-
tigtical desgns(RSM) have been successfully employed
for theoptimization of variousindugtridly important mi-
crobiological and biotechnological products®. Itin-
volvesthe collection of the statistical techniquesfor
designing of experiment, models, eva uating the effect
of factorsand searching for optimum conditionsfor
desirabl e responses ensuring the maximum enzymeac-
tivity!®”. These methods of optimization have proved
to bepowerful, useful andlesstime consuming. Cellu-
laseisoneof themost useful enzymein variousindus-
triessuch asanimal feed, textile, fuel, chemicd, pulp
and paper, waste management(8910.111,

Inthispresent study, the various medium compo-
nentsand physical variabl esaffecting the cellulase pro-
ductionfor isolate Flavobacterium bol ustinum under
submerged fermentati on wereoptimized usng Response
Surface M ethodol ogy. The parameterswith significant
effectson cellulase production wereidentifiedusinga
fractional factorial design and their levelswere opti-
mized using a central composite response surface
method toimprovecdlulaseyield. Thusby usngRSM,
we can reducethe cost of enzyme production andin-
crease enzyme activity whichisthebasi c requirement
for the gpplication of enzymeinindustries.

MATERIALAND METHODOLOGY

Microorganism

Soil samplewas collected from sugarcane mill and
coloniesexhibiting cellulaseactivity wereisolated from
medium containing Carboxymethylcdlulose (CMC) as
substrate. Onthebasi sof morphological, physiologica
and biochemica characteristicsstrain wasidentified as
Flavobacterium bolustinum by IMTECH,
Chandigarh having MTCC n0.102031*4 (Malik et.al,
2010). Theorganismwassub cultured over theinterva
of 1 month and stored at 4°C.

M edium and cultivation

The seed medium consisting of CMC (0.1%), Pep-
tone (0.5%), Beef extract (0.15%) , Yeast extract
(0.15%) , NaCl (0.5%) , KH,PO, (0.1%), wheat bran
(1%) pH 9was sterilized by autoclaving at 121°C for
30 minutes. After cooling the medium wasinocul ated
with 1% of inoculum of age 20 hrsand wasincubated
at 37°C for 24 hrs at 200rpm in orbital shaking-cum
BOD incubator. By using conventiona method of opti-
mi zation, medium screened for production included
pineapple peel (1.5%), fructose (0.25%), NH,CI
(0.4%), MgSO, (0.2%), Glycerol (1%).

Enzymeassay

Theculturewasharvested by centrifugetionat 10,000
rpm for 20 min at 4°C using Refrigerated centrifuge
(REMI). The supernatant was used asthe crude extra
cdlular enzymesource Cdlulaseactivity wasdetermined
a 65°C by using carboxymethylcellulose (Sodium salts,
Sigma, India) assubgtrate. A reactive mixture contained
450l of 1 %( w/v) substrate in 0.1M Glycine-NaOH
(pH 9) and 50ul of culture supernatant. The mixture was
incubated at 65°C for 10 min. The reducing sugar re-
leased was measured using 3,5-dintrosalicyclic acid
(DNSA)3, Oneunit of enzymeactivity wasexpressed
astheamount of enzymerequiredtorelease 1 umol re-
ducing sugars per ml under theabove assay condition by
using glucoseasastandard.

Optimization of parameter sfor cellulaseproduc-
tion by RSM

Optimization of parametersfor cellulase produc-
tionwasperformed intwo stages. Initially, 9 variables
werescreened using afractiond factorid designtoiden-
tify the parameters, which significantly influenced en-
zyme production and in the second stagethelevelsof
these parameterswere optimized usng aCentra Com-
positedesign (CCD) (2419,

Plackett Burman

Thisscreening design dlowsthetesting of multiple
independent vari ableswithinasingleexperiment!®. The
effect of each variablewasidentified by thedifference
between the average of the + and —response. The sig-
nificant level of the effect of each variablewas deter-
mined by F- test. Thevariablesevauated arelistedin
TABLE 1.

Here 9 variablesout of which 1 dummy variable
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(Inoculum volume) werescreenedin 12 trailsasshown
inTABLE 2.1.Theeffect of anindependent variable
wasthedifference between average responsefor 6 ex-

TABLE 1: Variablesevaluated for PB design

Variable
Code

A

Variable (+) Level (-) Leve

45°C
30 hrs
9
1%
1.5%
1%
0.25%
0.4%

35°C
24 hrs
6
0.5%
0.5%
0.5%
0.1%
0.2%

Temperature

Time
pH
Glycerol

Pineappl e Peel

Rice Straw

Fructose

NH, ClI

Inoculum
Volume o
! (Dummy 2%

Variable)

IO MmO O|N®

1%

perimentsat highlevel and averagevauefor 6 experi-
mentsat low level asineq 1.

A=XA (H)/6-XA (L)/6 1)

Then estimated the mean square valueof thevari-
ablecalled varianceeffect by eq 2

A=(ZA(H)-ZA(L)%12 )

Experimentd error wasca culated by averagingthe
mean square of dummy variable. F-effect was cal cu-
lated by eq 3

F effect = Factor mean square/Error mean square  (3)

Central compositedesign (CCD)

Itisaresponsesurface design™” for improving cd -
|ulase production and the variable having the greatest
influence (Temperature, Pinegppleped, Ricestraw and
NH,Cl) werechosen for thisstudy. The statistical soft-
ware package Minitab 15 wasused to design and ana-
lyzethe experimental results. Each variablewas stud-
iedfor fivedifferent levels(-2,-1, 0, 1, 2) asshownin
TABLE3.

A set of 31 experimentswere performed and en-
zymeactivitieswerecdculated. Regresson andysswas
performed on the dataobtained asin TABLE 4. The
resultsof CCD were used to fit asecond order poly-
nomia equationasfollow:

Y=Po+x_ "Bixi+x_ "Bnxi?+x " BiixiX]
WhereY = Predicted response, po = Intercept, pi = Linear coef-
ficient , pn = Squared coefficient, Bii = Interaction coefficient

ANOVA was used to anayze experimentsand to
generate response surface graphg®®. Theideal levels
and combinationsof parameterswereidentified by op-
timization functionsin the software and experiments
wererun a theselevelsfor validation of themode.

RESULTSAND DISCUSSION

Plackett Burman

TABLE 2.1: Experimental design and resultsof PB design

Variables/ Levels

Activity

Runs
D

E

(U/ml)

221.06

387.68

+ |+ |+|0O

438.38

208.38

296.24

505.12

268.94

+ 1+ |+ |+

198.17

O 0| N|[OO(~[W[IN|PF

295.34

=
o

303.91

[ERN
[N

355.67

[EnY
N

275.67
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TABLE 2.2: Analysisof resultsof TABLE 2.1

Variables Mean of H-level Mean of L-level Difference Squar e mean Variance effect F-values
A 33234 293.41 38.93 1515.54 126.29 1578625
B 325.45 294.57 30.88 953.57 79.46 993250
C 314.51 311.24 3.27 10.69 0.891 111375
D 344.13 311.67 32.46 1053.65 87.80 1097500
E 379.73 246.02 133.71 133.71 1489.95 18623750
F 348.04 277.71 70.33 70.33 412.21 5152625
G 329.55 300.75 28.80 28.80 69.13 864125
H 333,57 292.27 -41.3 1705 142.14 1776750
I 312.86 312.89 -.031 .00096 .00008 1

TABLE 3: Rangeof variablesat different levelsfor thefrac-
tional factorial design

Independent Levels

variables 42 +1 0 1 2
Temperature 44 42 40 38 36
(F;i/:)eapp'e ped 2 15 1 05 0
Rice straw (%) 1 0.8 0.6 04 0.1
NH,CI (%) 025 02 015 01 005

Total 9 variableswere analyzed and resulting ef -
fectsof thesevariablesare presented in TABLE 2.2.
Onethebasisof their F-test, variables (Temperature,
Pineappleped, Ricestraw and NH,Cl) werefound to
be significant. Pineappl € and rice strawv!®! was used
asnove substratefor cellulase production. Gregter the
F-vaue, greater istheeffect of thevariableasshownin
TABLE 2.2

Central Compositedesign

4 variableswhich werefound to be significant by
PB design were subjected to CCD. TABLE 4 gives
thedesign and results of the experiment carried out by
CCD design. Thefinal response equation that repre-
sented asuitablemodd for cdllulaseproductionisgiven
bel ow by using coefficientsva uesasshownin TABLE
5.
Y =-9281.85+ 467.44A + 551.60B + 265.61C + 1772.63D +
(-5.76) A2+ (-70.86) B2+ (-96.21) C? + (-1471.17) D*+(-6.34)
AB +(-33.79) BC +(- 188.17) CD + (-25) AD +(-2.97) AC + (-
121.3) BD

Theregression equation indicatesthat coefficient
of determination (R?) was 0.9187 and thusthe model
could explain morethan 91.87% of variability inthe
response. Coefficient of determination (R?) isdefined

astheratio of explained variationtothetota variation
and isameasurement of the degree of fitness?. The
R2vdueawaysremained between O and 1. Thecloser
theR?isto 1, the stronger the model and better it pre-
dictd?. A small value of R? indicatesapoor relevance
of thedependent variablesinthemodd. Thelow prob-
ability p-value (<0.05) indicatesthat model termswere
sgnificant. A, B, A2, B2werefound assgnificant model
termsasshownin TABLE 5. Thisimpliesthat linear
coefficient (p<0.002) and square coefficient (p<0.001)
werefound to besignificant ascompared to theinter-
actiononceasshownin TABLE 6 (Andysisof modd!).
Rashid et al’®® had done statistical optimization for cdl-
lulase productionusing palm oil mill effluent fromfila:
mentousfungus, Trichodermereeset RUT-C30. Maxi-
mum CM Case activity obtained was 18.53 U/ml with
99.5% regression coefficient (R?) of the Design.
Thethreedimens ond response surfaces had been
plotted to study theinteraction among the variousfac-
torsselected. Thefitted responsefor theaboveregres-
sionmode had been plotted asshownin Figure (1.3).
3D graphs had been generated for various combina
tionsof thetwo factorswhilekeeping the other two at
their optimum levels. Graphsweregiven hereto high-
light theroleplayed by variousfactors. Figure 1 showed
that with theincrease in pineapple peel concentration
(B), thecdlulaseactivity increaseswith theincreasein
temperature (A) but only up toitsmiddleva ue (40°C).
Figure 2 showed the effect of Ricestraw (C) and pine-
appleped (B) on cdlulase activity whiletemperature
and NH,CI were fixed at their middle level. Graph
showed that withincreasein pedl concentration enzyme
activity increases but the requirement for rice straw
decreasesand reached to optimum level of 0.6%.This
may be dueto formation of thick suspension andim-
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TABLE 4: Resultsof CCD usingfour independent variablesand eight central pointsshowing observed and predicted response

RUNS Temperature Pinpe:e'pple Rice straw NH,CI Observed values  Predicted values

(°cO)A (%WV)B (Y%ow/v)C (Yow/v)D (U/ml) (u/ml)

1 40 1 0.6 0.05 501.95 478.65
2 38 0.5 0.8 0.1 390.21 387.03
3 40 1 0.6 0.15 504.95 504.95
4 42 0.5 0.4 0.2 401.6 400.05
5 40 0.6 0.15 601.08 555.12
6 40 0.6 0.15 504.95 504.95
7 42 15 0.8 0.1 487.98 485.63
8 38 15 0.8 0.2 503.49 521.56
9 42 15 0.4 0.1 465.38 506.03
10 42 0.5 0.4 0.1 409.19 381.56
11 36 1 0.6 0.15 457.91 432.58
12 38 15 0.8 0.1 491.49 516.80
13 40 0.6 0.15 504.95 504.95
14 40 1 0.2 0.15 498.85 482.62
15 38 15 0.4 0.1 525.62 529.97
16 42 0.5 0.8 0.1 381.42 381.99
17 40 1 0.6 0.25 494.12 501.89
18 40 0.6 0.15 504.95 504.95
19 42 15 0.8 0.2 477.57 480.50
20 40 1 0.6 0.15 504.95 504.95
21 40 1 1 0.15 455.87 457.84
22 40 0 0.6 0.15 281.42 313.11
23 42 15 0.4 0.2 518.66 518.66
24 38 0.5 0.8 0.2 420.89 404.02
25 38 0.5 0.4 0.1 359.16 380.02
26 40 1 0.6 0.15 504.95 504.95
27 38 15 0.4 0.2 522.59 546.12
28 40 1 0.6 0.15 504.95 504.95
29 42 0.5 0.8 0.2 402.33 388.43
30 38 0.5 0.2 0.2 415.61 408.40
31 44 1 0.6 0.15 381.99 393.06

proper mixing of substratein shakeflask®*#. Thishigh  ductionmedium.

level of cellulaseproduction withincreased concentra
tion of pineapple ped could bedueto fact the pedl act
asgood reservoir for cellulolytic organismaspedl is
richincelulose, hemiceluloseand nitrogen source. The
plotsclearly showed that in any condition cellulase ac-
tivity increaseswith increasing pineapple ped concen-
tration. Thusp vaue (<0.04 and 0.001) and the plots
had shown that the most important factor for cellulase
productionwasthe pinegpple ped concentrationin pro-

Incubation temperaturewasacritica factor effect-
ing cellulase production by Flavobacterium
bolustinumasitslinear and square coefficient p value
was < 0.000 and < 0.000 respectively. Singh et al?®!
had al soidentified that temperaturewascritical factor
asits(P<0.0001) lessthan 0.05 for cellulase produc-
tion by fungd strain A. heteromor phususing rice straw.
Good cellulaseyield could be obtained by using am-
monium chloride asthe nitrogen source. Though the

BioTechnologqy —
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TABL5: Resultsof theregression analysisof theCCD

Factors Coefficient P-values
A 467.44 .000
B 551.60 .044
C 256.61 .550
D 1772.63 496
A*A -5.76 .000
B*B -70.86 .001
c*C -96.21 .078
D*D -1471.17 436
A*B -6.34 .318
B*C -33.79 422
C*D -188.17 .652
D*A -25 .690
A*C -2.97 775
B*D -121.3 .629
Constant -9281.85 .000

sponsesurface methodology (RSM). Earliar fungd spe-
cies Trichoder ma longibrachiatum, Aspergillusniger
and Saccharomyces cerevisiae were reported using
pineapplepeed as carbon sourcefor cellulase produc-
tion. No bacterid strain hasbeen reportedtill date us-
ing pinegppleped ascarbon sourceand producing good
enzymeactivity. Thisisfirst ever report of producing
cellulasesby thebacteriawith high titer of enzymeac-
tivity. Theresponse surface showed thetwo factorstem-
perature and pineapple peel were most effectivefor
cdllulase production in submerged fermentation (SmF),
and maximum activity produced was 601.08 U/ml.

CONCLUSION
Asvery lessreportswereavailableon optimization

of cellulase production using Response Surface Meth-
odology. Thus, the Statistical optimization method can

TABLE 6: Analysisof variance (ANOVA) for response surfacemodel for cellulaseproduction

Sour ces Sum of square Degree of freedom M ean square F- value P-value** Significance*
Model 116038 14 8288.42 13.7 0.001 Significant
Linear 91969 4330.24 7.6 0.002 Significant
Square 22588 5647.02 9.33 0.001 Significant
Interaction 1480 6 246.75 0.41 0.863
Residual error 9679 16 604.95
Lack of fit 9679 10 967.9 8.56 0.0015 Significant
Pure error 0 6

* Satistically significant at 95% of probability level.

**Value of “P>F” less than 0.0500 indicate model terms are significant.

R-Sq = 91.87%, R-Sq (pred) = 53.19%), R-Sq (adj) = 84.76%

addition of organic nitrogen sources such as beef ex-
tract and peptoneresulted inincreased growth and en-
zyme production as was reported before (Sun et al,
2008)1?1, Figure 3 depictsthat at themiddle values of
all thefactors (pineappleped, 1%; temperature, 40°C;
rice straw, 0.6% and NH,Cl, 0.15%) showed maxi-
mum activity which a so correspond to experimental
dataexcept for pineapple peel concentration showing
optimaat 2% concentration (w/v). The 3D graphsre-
sults correspond to Regression analysisresultsand to
our experimenta results, thus showing that the model
was accurate.

Over the last few decades, even though several
papersregarding optimization of cellulase production
have beenreported, but littleinformationisavailable
about theoptimization of cellulase productionusing re-

overcomethelimitationsof classic empirical methods
and hasproved to beapowerful tool for the optimiza-
tion of cellulase production with minimum number of
experimentd trails. Under optima conditions(pinegpple,
2%, rice straw, 0.6%; NH,Cl, 0.15% and tempera-
ture, 40°C) cellulase activity increased up to 2.26 fold.
Moreover, nutrient which werefound to be effective
for cellulase production areinexpensive agro wastes
showing important economic advantages.
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