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ABSTRACT

Objective: Present work was focused on utilization of lignocellulosic substrates like
bagasse and citrus peel powder for CMCase (endoglucanase) production through submerged
fermentation by Cladosporium sp. NCIM 901.

Methods: Fungal strain Cladosporium sp. was procured from NCIM, Pune. Peracetic acid
pretreated bagasse was used in order to reduce the crystallinity of bagasse. Mary Mandels
medium was used for enzyme production. Central composite design was evaluated to study
the effect of five variables on CMCase production and to optimize the medium composition.
Results: Experimental results showed the optimal medium for higher enzyme production was
composed of 10% (w/v) bagasse substrate, 4.5% (w/v) citrus peel powder, 0.17% (w/v) MgSO,,
0.17% (w/v) urea with the initial pH of medium at 5.5. Maximum enzyme yield (15.02 [U/ml)
was obtained on by the interaction of optimal level of process involved parameters. There is
a good correlation between actual and predicted results. The coefficient of determination
(R?) is 0.9414.

Conclusion: Use of cheap and environment friendly available agricultural and fruit waste
substrates for enzyme production eventually reduces the production cost of enzymes.
Peracetic acid pretreated bagasse was used with citrus peel powder as fermentation medium
constituent to induce the enzyme production. Observed actual enzyme activity was well
agreed with the predicted enzymatic activity, shown the model was applicable for enzyme
production through submerged fermentation.
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OZET

Amagc: Bu ¢alisma, Cladosporium sp. NCIM 901 ile dipiistii fermentasyon yoluyla CMCaz
(endoglukonaz) tiretimi i¢in selliiloz bagi iceren bagas ve turunggil kabuk tozunun substrat
olarak kullanimi tizerine odaklanmistir.

Yontem: Cladosporium sp. mantar suslari NCIM, Pune’den tedarik edildi. Bagaslarin
kristalligini azaltmak igin perasetik asitile 6n islem yapildi. Enzim tiretimi i¢in Mary Mandels
(MM) vasatlari kullanildi. CMCaz iiretimi lizerine ve vasat bilesenlerinin optimizasyonunda
bes degiskenin etkisini ¢aligmak i¢in merkezi kompozit diizenleme degerlendirildi.
Bulgular: Deney sonuglari, en yiiksek enzim iiretimi i¢in gerekli ideal vasat kosulunun
baslangi¢ pH’inin 5.5 oldugunu, %10 (w/v) bagas substrat, %4.5 (w/v) turunggil kabuk tozu,
%0.17 (w/v) MgSO, ve %0.17 (w/v) lireden olustugunu gosterdi. Maksimum enzim kazanci
(15.02 IU/ml) siiregte bulunan parametrelerin optimal diizeyleri ile etkilesimden elde edildi.
Gergek ve ongoriilen sonuglar arasinda iyi korelasyon bulundu. Kararlilik katsayist (R?)
0.9414°dir.

Sonug¢: Enzim iiretimi i¢in ucuz ve ¢evreye dost saglanabilen, ziraat ve meyve atiklar1 gibi
substratlarin kullanimi sonugta enzim iiretim maliyetini disiirmektedir. Perasetik asit ile
on isleme giren bagaslarin turunggil kabuk tozlari ile fermentasyon vasat bileseni olarak
kullanim1 enzim tretimini indiiklemistir. Gozlenen gergek enzim aktivitesi ve ongoriilen
enzim aktivitesinin biribirini desteklemesi ile dipiistii fermantasyon yoluyla enzim
tiretiminin kabul edilebilir bir model oldugu gosterilmistir.

Anahtar Kelimeler: Sekerkamisi posasi, turuncgil kabugu, optimizasyon, merkezi komposit
diizenleme, CMCaz

Cikar Catismasi: Yazarlarin ¢ikar ¢atismast bulunmamaktadir.
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Introduction

Lignocellulosic biomass represents the largest renewab-
le reservoir of potentially fermentable carbohydrates
on earth [1], generally contain up to 75% of cellulose
and hemicelluloses which cannot be easily converted to
simple monomeric sugars due to their recalcitrant natu-
re. The utilization of cellulosic biomass for ethanol pro-
duction continues to be a subject of worldwide interest
in view of fast depletion of our oil reserves and food
shortages [2]. Large quantities of lignocellulosic wastes
are generated through forestry, agricultural practices
and industrial processes, particularly from agro-allied
industries such as breweries, paper pulp, textile and
timber industries [3]. Lignocellulosic substrate should
be cheap, well processable available in high amounts
and its composition should be suited for both hydrolysis
and production of cellulolytic enzymes. Production of
cellulases on-site instead of using commercial enzymes
can improve the economy of the process. Degradation of
lignocellulosic materials to monomeric sugars through
the concerted action of cellulolytic enzymes has great
importance, since sugars can serve as raw materials in
a number of biotechnological production processes [4].

The cellulase enzyme complex consists of three types
of enzymes that act synergistically in cellulose hydroly-
sis. Endoglucanases randomly attack cellulose chains
and release cello-oligosaccharides, exoglucanases clea-
ve cellobiose units from the end of cellulose chains and
B-glucosidase converts the resulting cellobiose to gluco-
se [5]. Cellulase production from various waste cellulosic
materials using different cellulolytic microfungi is being
vigorously studied for cost reduction strategies. Altho-
ugh a large number of microorganisms (fungi, bacteria
and actinomycetes) are capable of degrading cellulose,
only a few of them produce significant quantities of cell-
free enzyme fractions capable of complete hydrolysis of
cellulose in vitro [6]. Many fungi capable of degrading
cellulose synthesize large quantities of extracellular
cellulases that are more efficient in depolymerising the
cellulose substrate. Most commonly studied cellulolytic
organisms include fungal species: Trichoderma, Humi-
cola, Penicillium and Aspergillus [7]. Cellulase activity
has been reported in temperate isolates of Cladosporium
sp. and considerable research work was carried out for
endoglucanase production by Cladosporium sp. on nati-
ve and modified cellulosic substrates [8, 9].

Worldwide consumption of cellulase from submerged
fermentation is roughly 23,000 tonnes annually. The sa-
les volume of cellulase is around $ 125 million, which
represents over 10% of all industrial enzymes sales [10].
In submerged fermentation or deep tank fermentation
the fungi are grown in a fully liquid system which has
the advantage of control over the process parameters
such as temperature, pH, aeration and dispersion for ef-
ficient growth and yield of the intensive units [11]. Cel-
lulase production by different organisms in submerged
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fermentation has received more attention and is found to
be cost-prohibitive because of high cost of process engi-
neering [12]. Approximately 90% of all industrial enz-
ymes are produced in submerged fermentation (SmF),
frequently using specifically optimized and genetically
manipulated microorganisms. In this respect SmF pro-
cess offers an insurmountable advantage over solid state
fermentation (SSF) [13, 14]. For commercial production,
optimization of medium composition is one of the es-
sential steps to minimize the amount of unutilized com-
ponents for a cost-effective yield [15]. It is impractical
to optimize all fermentation parameters in conventional
methodology to establish the optimum conditions by
understanding the interactions of all parameters, as this
involves numerous experiments if all possible combina-
tions are to be investigated. Statistically planned experi-
ments effectively reduce the number of experiments by
developing a specific design of experiments which also
minimizes the error in determining the values for sig-
nificant parameters [16]. The submerged fermentation
medium was optimized based on the change-one-factor-
at-a time approach and detailed studies were carried out
using response surface methodology (RSM) to optimize
the recovery of endoglucanase from optimized medium.
The RSM is an empirical statistical technique used to
find the optimum conditions of a process response va-
riable when the mechanism underlying the process is
either not well understood or is too complicated to allow
the exact model to be formulated from theory. It evalu-
ates the relation existing between a group of controlled
experimental factors and the observed results of one or
more selected variables [17]. Central composite design
(CCD) has been successfully utilized to optimize com-
position of fermentation medium [18-20] for enzyme and
ethanol production.

Amongst the various agricultural crop residues, sugar-
cane bagasse is the most abundant agricultural material
in India at an average production rate of 179 metric tons/
year, next to Brazil with highest production rate of 672
metric tons/year [21]. Pretreatment was applied to subs-
trate for enhancing bioconversion of cellulosic materials.
Pretreatment of cellulose opens the structure and remo-
ves secondary interaction between glucose chains [22,
23]. Cellulase production level of 5.6x10~2 U/ml using
Aspergillus flavus on bagasse pretreated with caustic
soda was reported by Solomon et al. [24]. Cellulase pro-
duction depends on the type of substrate, pretreatment
and strain of microorganism used [25].

To improve yield and rate of the enzymatic hydrolysis,
research has focused on the optimization of the hydroly-
sis process and enhancement of cellulase activity [26].
The present study was undertaken in order to ascertain
to the effect of different fermentation constituents on
CMCase production by Cladosporium sp. NCIM 901
under submerged conditions through statistical optimi-
zation.

Mohan et al.



Materials and methods

Microorganism

The cellulase producing fungal strain, Cladosporium sp.
NCIM 901 was procured from NCIM, Pune, India, and
maintained on potato-dextrose agar at 4°C. It was sub-
cultured onto potato dextrose agar (PDA) in petri dishes
at 30°C for 1 week prior to inoculation of submerged
fermentation.

Inoculum preparation for SmF

Spores were collected from 5-day old agar-slant cultures
by washing with 10 ml of sterile water with 0.1% Twe-
en-80 (v/v), counted in a Neubauer counting chamber
[27] and dilute to give 1 x 108 spores/ml. This suspension
was used as the inoculum.

Substrate preparation

Substrate sugarcane bagasse preparation and pretreat-
ment was done according to procedure of Mohan et al.
[20]. Citrus peel waste was collected and dried in oven
at 60-70°C for 6-8 h. Dried peel was made into powder
using mixer grinder.

Culture conditions and enzyme production by
SmF

The fungus was grown in Mary Mandels mineral me-
dium (MM medium) [28]. The MM medium contained
(in g/l of distilled water) KH,PO,, 2.0; (NH,),SO,, 1.4;
CaCl,2H,0, 0.3; Proteose peptone, 0.25; Yeast ext-
ract, 0.2 and trace metal solution, 1 ml [FeSO,7H,0,
5; MnSO,7H,0, 5.6; ZnSO,7H,0, 3.34; CoCl,2H,0, 2
mg/l], Tween-80, 1 ml. The pH of the medium was ad-
justed according to design model after autoclaving by
separately sterilized 1 M Na,CO,.

The MM medium supplemented with bagasse and citrus
peel powder was inoculated with spore suspension of
5-day-old sporulating slant on PDA. Enzyme production
was carried out in 250 ml Erlenmeyer flask containing
100 ml MM medium with bagasse powder as the sole
carbon source. The culture was incubated at 35°C on a
rotary shaker at 200 rpm. The samples were withdrawn
at regular intervals. The mycelium was removed by
centrifugation at 7000 rpm at 4°C for 15 min to obtain a
clear supernatant. This preparation was used for measu-
rement of enzyme activities. Results given here are the
mean of at least triplicate experiments.

Central composite design (CCD)

The experimental design and statistical analysis were
performed according to the response surface analysis
method using Design-Expert 8.0.6.1 (Stat-Ease, 2010)
version software. Analysis of variance (ANOVA) and
response surface plots were generated using Design-
Expert 8.0.6.1. CCD for five variables and three levels
each with four concentric point combinations was used
to find the optimized process variables for the CMCase
enzyme production (IU/ml).
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The overall second order polynomial mathematical rela-
tionship of the response Y (CMCase, [lU/ml) and the five
variables can be approximated by the quadratic Eq. (1).

Y= b +bX +bX +bX +bX +bX +b X2+b X ?

2272

+b, X2+b X2+b X2+b XX +b XX +b XX, +

L R e L e e

bXX+b XX+b XX+b X X +b XX+b35X3X

15771775 23772773 24772774 U255t 2T S 3477374
b, XX, M
The experimental design for the variables, i.e. substrate
(3—-8% w/v), citrus peel powder (2—6% w/v), pH (3-8),
MgSO, (5-10% w/v) and urea (2-6% w/v) were taken for
measuring the enzyme activity. The design was applied
for selection range of each variable (minimum and ma-
ximum), total of 50 experiments were designed by the

model and performed.

The design consisted of 2° CCD factorial points having
eight replicates at the central point and ten axial points
(@). Optimized values of five independent variables for
maximum activities were determined using a numerical
optimization package of Design-Expert 8.0.6.1.

CMCase (endoglucanase) assay

Approximately 0.5 ml of 1% carboxymethyl cellulose in
0.05 M Na-—citrate buffer, pH 4.8 was soaked for 10 min
at 50°C. After that 0.5 ml of an appropriately diluted
enzyme was added to the tube and incubated at 50°C
for 30 min and appropriate controls were also run along
with the test. At the end of the incubation period, tubes
were removed from the water bath, and the reaction was
stopped by addition of 3 ml of 3,5-dinitrosalicylic acid
reagent per tube. The tubes were incubated for 5 min
in a boiling water bath for color development and were
cooled rapidly. The reaction mixture was diluted app-
ropriately and was measured against a reagent blank at
540 nm in a Spectrophotometer. The released reducing
sugars were estimated colorimetrically with 3, 5-dinit-
rosalicylic acid by using glucose as standard [29]. The
concentration of glucose released by enzyme was deter-
mined by extrapolating with standard curve constructed
similarly with known concentrations of glucose. One
unit of enzyme activity was defined as the amount of
enzyme required for liberating 1 uM of glucose per mil-
liliter per minute.

Results and Discussion

Screening of most important variables and their opti-
mization was attempted to improve the enzymatic yield
under SmF on the pretreated bagasse was done. The ex-
perimental CCD for the five cultural variables/parame-
ters was studied for measuring the CMCase production.
The design was applied for selection of each parameter
(maximum and minimum) as shown in Table 1. Total 50
experiments were designed and performed (Table 2).

The experimental results associated with processing set
of each independent variable are listed in Table 1. To
study the combined effects of these factors/variables,
experiments were conducted at different combinations
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Table 1. CCD of actual and coded levels of variables for the optimization of medium constituents

. High
Factor Name Units II;(\)/\;VI I\/II;c\j/c;IIe :;i\?; ﬁé%\évﬁ '\él:;ddd:z\,(;?- coc?ed
level
A Substrate % W/V 1 6 16 -1 0 1
B Cm‘; el % WiV 1 5 12 - 0 1
C pH 3 5 8 -1 0 1
D MgSO, % W/V 0.05 0.17 0.3 -1 0 1
E Urea % wiv 0.05 017 0.3 -1 0 1

*A, B, C, D and E represents the process parameters denoted as X, X, X,,X,

and X, respectively, for regression equation

of these parameters using statistically designed experi-
ments. For each run, the experimental response along
with predicted response calculated from the regression
equation (Eq.2) is shown in Table 2.

A second order polynomial equation (Eq.2) was derived
to represent the CMCase production as a function of in-
dependent variables tested.

Y = 11.54 + 1.54 X -0.09 X -1.94 X+ 0.07 X,-0.14
X~195 X7-1.01 X?-072 X72- 086X, -1.04 X2
—-0.047 X X, - 0.67 X X, +0.13 X X, - 0.22 X X, + 0.3
X, X, +0.087 X, X,—0.57 X, X, + 0.64 XX, + 0.3 X.X,~
0.081X, X, )

Where Y = Predicted response (CMCase, 1U/ml),
X, X,,X,,X, and X, are coded values of independent va-
riables such as substrate concentration, citrus peel pow-
der, pH MgSO, and urea, respectively. The regression
equatiofl was used to calculate the predicted responses
given in Table 2. Comparison of the predicted values

with the experimentally obtained actual values indicated
that these data are in reasonable agreement (Figure 1).

Statistical testing of the model was done by means of
Fisher’s statistical test for ANOVA using Design-expert
software and the obtained results are presented in Tab-
le 3. Generally the ‘F’ value with a low probability ‘P’
value indicates high significance of the regression mo-
del. The quadratic regression model is significant with
a computed F value of 20.81 implies the model is signi-
ficant (P<F lower than 0.05) and there is only a 0.01%
chance that a “Model F-Value” this could occur due to
noise [30]. The fitness and adequacy of the model was
judged by the coefficient of determination (R?). The R?
which can be defined as the ratio of the explained vari-
ation to the total variation was a measure of the degree
of fit. The closer the R? value to unity, the better the
empirical model fits the actual data. The value of deter-
mination of coefficient R? is 0.9414, which indicated that
model could explain 94.14% of variability and unable to

Predicted vs. Actual

Design-Experi® Software
CMCase {IW/mi)
Color porits by value of 20.00 —|
CMCase {(IW/mi):
15.02
223
15.00 —
peJ
O
=
o
- 1000
[
| .
o
500 —
000 —

Figure 1. Actual and predicted results.
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Table 2. Experimental design with coded values of variables and experimental and predicted responses of the central composite design (CCD)
matrix model

Std  ASubstrate (%, wiv) p?ﬁgff;fﬁv%) CpH  D:MgSO, (% wH) '(%,/UJVe/j) C('I\{'ﬁrif)e
1 1 4 1 4 1 6.23 (6.69)
2 1 1 1 1 - 10.46 (10.76)
3 1 1 1 -4 -4 7.22 (6.97)
4 1 1 1 4 4 10.95 (10.86)
5 1 1 1 4 4 2.63 (1.67)
6 1 1 1 4 . 3.26 (3.08)
7 1 1 1 4 4 2.23 (3.14)
8 1 1 1 1 1 4.48 (4.37)
9 1 - -1 1 1 5.32 (5.27)
10 1 1 1 1 1 10.03 (9.87)
11 1 1 1 1 4 6.32 (5.9)
12 1 1 1 1 4 10.02 (10.31)
13 1 1 1 1 4 2.54 (2.82)
14 1 1 1 1 1 4.36 (4.75)
15 4 1 1 1 1 5.14 (4.64)
16 1 1 1 1 - 5.64 (6.39)
17 1 -1 - 1 1 8.49 (7.56)
18 1 1 4 1 1 10.03 (10.74)
19 4 1 4 1 1 5.24 (5.56)
20 1 1 4 1 1 8.98 (8.56)
21 1 1 1 1 1 4.04 (3.73)
22 1 1 1 1 1 3.25 (4.25)
23 1 1 1 1 1 2.68 (2.93)
24 1 1 1 1 1 3.28 (3.26)
25 1 1 - 1 1 5.26 (5.82)
26 1 1 4 1 1 10.31 (9.52)
27 1 1 -4 1 1 4.36 (4.17)
28 1 1 4 1 1 6.32 (7.68)
29 4 1 1 1 1 412 (4.56)
30 1 1 1 1 1 5.68 (5.60)
31 1 1 1 1 1 4.24 (4.11)
32 1 1 1 1 1 5.02 (4.96)
33 1 0 0 0 0 15.02 (15.82)
34 2.378 0 0 0 0 312 (3.44)
35 0 0 0 0 0 9.68 (11.54)
36 0 2.378 0 0 0 6.05 (5.63)
37 0 0 0 0 0 10.88 (11.54)
38 0 0 2378 0 0 3.26 (2.84)
39 0 0 0 -0.04 0 11.02 (11.53)
40 0 0 0 2378 0 7.23 (6.81)
41 0 0 0 0 -0.04 10.24 (11.54)
42 0 0 0 0 2.378 5.73 (5.31)
430 0 0 0 0 0 11.68 (11.54)
440 0 0 0 0 0 11.68 (11.54)
450 0 0 0 0 0 11.68 (11.54)
460 0 0 0 0 0 11.68 (11.54)
47 0 0 0 0 0 11.68 (11.54)
480 0 0 0 0 0 11.68 (11.54)
492 0 0 0 0 0 11.68 (11.54)
500 0 0 0 0 0 11.68 (11.54)

Std= Standard run order, “Central value
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Table 3. Analysis of variance for CMCase production by SmF

Source Sum of df Mean F p-value
Squares Square Value Prob > F
Model 543.31 20 2717 23.3 < 0.0001
A-Substrate (% w/v) 50.49 1 50.49 43.29 < 0.0001
B-Citrus peel
0.27 1 0.27 0.23 0.6347
powder (% w/v)
C-pH 123.11 1 123.11 105.57 < 0.0001
D-MgSO, (% wiv) 0.16 1 0.16 0.14 0.7124
E-Urea (% w/v) 0.64 1 0.64 0.55 0.4632
AB 0.069 1 0.069 0.059 0.809
AC 14.19 1 1419 1217 0.0016
AD 0.54 1 0.54 0.46 0.5023
AE 1.59 1 1.59 1.36 0.2526
BC 2.85 1 2.85 2.44 0.1288
BD 0.24 1 0.24 0.21 0.6536
BE 10.39 1 10.39 8.91 0.0057
CD 13.2 1 13.2 11.32 0.0022
CE 2.87 1 2.87 2.46 0.1273
DE 0.21 1 0.21 0.18 0.6747
A2 112.86 1 112.86 96.78 < 0.0001
B2 30.28 1 30.28 25.96 < 0.0001
Cc2 15.64 1 15.64 13.42 0.001
D2 22.37 1 22.37 19.18 0.0001
E? 3245 1 32.45 27.83 < 0.0001
Residual 33.82 29 117
Lack of Fit 29.96 20 1.5 3.5 0.0291
Pure Error 3.86 9 0.43
Cor Total 57713 49

CMCase, IU/ml: R*=0.9414, Adjusted - R>=0.9010, CV=14.84

explain only 5.86% of the total variation. The closer the
value of R to 1 indicate the better correlation between
the observed and predicted values suggesting a good fit
for SmF. The adjusted R?was a corrected value for R? af-
ter elimination of the unnecessary model terms. If many
non-significant terms have been included in the model,
the adjusted R? would be remarkably smaller than the
R2. The adjusted R?was 0.9010, which is more suitable
for comparing models with different numbers of inde-
pendent variables. The coefficient of variation (CV) is
a measure of residual variation of the data relative to
the size of the mean; the small values of CV give better
reproducibility. A lower value for the CV 14.84% clearly
indicate high degree of precision and higher reliability
of the experimental values. The significance of indivi-
dual variables can be evaluated from their P values, the
more significant terms having a lower P value. The P
values are used to check the significance of each coef-
ficient which also indicates the interaction strength bet-
ween each independent variable. Table 3 also gives the
P values of each of the variables and their quadratic and
interaction terms. Values of “Prob>F” less than 0.05 in-
dicate model terms are significant. In this case A, C, AC,
BE, CD, A%, B%, C?, D?, E? are significant model terms.
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Values greater than 0.10 inidicate the model terms are
not significant [30]. Besides the relationship between the
actual experimental values and predicted values (Figure
1) showed that plotted points cluster around the diagonal
line, indicating good fitness of the model.

Response surface curves were plotted to understand the
interaction of variables and for identifying the optimal
levels of each parameter for attaining maximum enzyme
yield. The response surfaces can be used to predict the
optimum range of different variables and the major in-
teractions between the tested variables can be identified
from the circular or elliptical nature of contours.

The maximum enzymatic activity was obtained at hig-
her substrate concentration with the medium pH at their
middle level. The Figure 2 represents the interaction of
substrate and pH on enzyme production. The interactive
effect of the variables on the production of CMCase was
significant. Any change in substrate concentration does
not affect the enzyme production. The highest enzyma-
tic activity 15.02 IU/ml was well agreed with predicted
enzymatic activity of 15.82 [U/ml.

The response surface curves in Figure 3 indicate the
significant interaction of citrus peel powder (4.5%) and
urea (0.17%) on enzyme production. The highest enz-

Mohan et al.



Design-Expert® Software

Factor Coding: Actual

CMCase (1U/ml)

® Design points above predicted value
® Design points below predicted value

X1 = A: Substrate (%, w/v)
X2 =C: pH

Actual Factors

B: Citruspeel powder (%, w/v) = 4.50 14
D: MgSO04 (%, wiv) = 0.17

E: Urea (%, w/v) =0.17

\

\

= 12
E
) 10
(]
2 Z
O //
= 6
(@]

. | 12

2

8.00 10.00
7.00 - 008.009'00
6.00 z 006.00 .
5.00 4.00
C: pH 4.00 2000 A: Substrate (%, w/v)

3.00 1.00

Figure 2. Response surface plots showing the interaction of substrate and pH on enzyme production
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Figure 3. Response surface plots showing the interaction of citrus peel powder and urea on enzyme production

ymatic activity (15.02 TU/ml) was obtained when both
of these process parameters were at their middle level of
concentration. Increased or decreased concentration of
these variables eventually decrease the enzyme activity.

The significant interaction effect of pH (5.5) and MgSO,
(0.17%) on highest enzymatic activity is presented in Fi-
gure 4. The optimal level of both of the process variab-
les leads to increase the enzymatic activity, any changes
in both of these variables affect the enzymatic activity.
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The highest enzymatic activity was predicted 15.82 1U/
ml on the center point with the optimal level of process
variables.

Set of four experiments were performed to verify the op-
timization result to validate the present model. Medium
was composed with the parameters of the independant
variables is shown in Table 4. Highest enzymatic acti-
vity of 15.46 IU/ml, was obtained in the optimum con-
dition, which is slightly higher than the predicted value
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Design-Expert® Software

Factor Coding: Actual

CMCase (1U/ml)

® Design points above predicted value
® Design points below predicted value

X1=C: pH
X2 = D: MgSO04 (%, wiv) 16

Actual Factors
A: Substrate (%, w/v) = 5.50 14
B: Citruspeel powder (%, w/v) = 4.50

E: Urea (%, wiv) =0.17

7
/V) 0.11

0.1
D: MgSO4 (%, w \

Figure 4. Response surface plots showing the interaction of pH and MgSO,on enzyme production

Table 4. Validation of model

A . B:Citrus peel DM o E-Urea
std Substrate (%, powder CipH MgSO, (%, ' CMCase (1U/ml)
w/v) wiv) (%, WIV)
(%, W/v)
1 1 8 8 0.3 0.05 5.14 (4.64)
2 1 1 3 03 0.05 5.32 (5.27)
3 1 8 3 0.3 03 4.36 (4.17)
4 10 4.5 5.5 0.17 0.17 15.46 (15.26)

*Values are mean of three replicates.

15.26 1U/ml. Validated results conforms the accuracy of
the present model.

Statistical optimization experiments like CCD was used
to optimize the fermentation process variables for incre-
ased CMCase activity under SmF conditions. Enzyma-
tic degradation of cellulosic waste by the fungal enz-
ymes has been suggested as feasible alternative for the
conversion of lignocellulosics into fermentable sugars
and ethanol [31]. According to studies of Muthuvelayud-
ham and Viruthagiri [32] pretreatment of sugarcane ba-
gasse and rice straw offers very digestible cellulose and
potentially less inhibition. In the present study, bagasse
substrate was pretreated by the lignin selective degra-
ding chemical like peracetic acid and citrus peel was
made powdered through physical pretreatment such as
grinding for decreasing cellulose crystallinity and both
substrates were used for endoglucanase production by
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fungi. Reduction of substrate particle size makes it rea-
dily usable for the mold because of decreasing crystal-
linity and degree of polymerization, and increasing the
surface area and the bulk density of the raw materials.
As a result, more cellulase enzyme produced to break
down the cellulosic compounds [33]. Cellulase producti-
on was enhanced by multiple carbon sources because of
diauxic pattern of utilization of substrates. Increase in
enzyme production with additional carbon sources have
been demonstrated by Solis-Pereira et al. [34] in both the
SmF and SSF systems as a result of good growth.

In the present study the maximum enzyme activity was
obtained with the medium having 10% (w/v) of bagasse
substrate along with 4.5% (w/v) citrus peel powder af-
ter which enzyme activity is started to decrease signifi-
cantly. The results were compared to the work of Shan-
mugam et al. [35] reported that the maximum CMcase
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production (1.59 U/ml) and B-glucosidase production
(1.82 U/ml) were increased by fungus Tricothecium ro-
seum in PDYE media amended with citric acid at 37°C
and demonstrated that citric acid is a good inducer for
extracellular cellulolytic enzyme production by the fun-
gus. The present study clearly shows that the citrus peel
powder has the ability to induce cellulolytic enzyme
production by Cladosporium sp.

Mixed substrates in the form of carbon sources were
used in the present study for increased CMCase produc-
tion. Present study was compared with results obtained
by Oberoi et al. [36] used combination of kinnow pulp
and wheat bran for increasing the cellulase activity, re-
ported by Singhania et al. [37] using wheat bran alone as
a substrate employing 7. reesei Rut C-30. Xue-Cai Hao
et al. [38] employed statistical design of experiments
using wheat bran, avicel, soybean cake flour, corn ste-
ep flour along with other fermentation parameters for
cellulase production. The present results were compared
with the results of Rashid et al. [39] obtained CMCase
activity of 18.53 IU/ml using palm oil mill effluent was-
te in liquid state bioconversion. The different results for
concentration of carbon source may be due to different
nutrient composition, concentration, different nature of
the substrate (particle size and consistency) and the pro-
cess physiological conditions.

Some environmental factors also influence the growth of
organisms as well as maximum production of enzymes
will be at certain optimum temperature, pH and salt con-
centration. [40]. Among the physical parameters, pH of
the growth medium plays an important role by inducing
morphological changes in microbes and in enzyme sec-
retion. The pH change observed during the growth of
microbes also affects product stability in the medium
[41]. The production of the cellulase was slightly more
sensitive to the change in pH than the substrate concent-
ration. The highest enzymatic activity was obtained in
the present study was at the initial pH of the medium at
5.5. Similar findings were observed by Xue-Cai Hao et
al. [38] reported that the maximum cellulase activity by
mutated 7. reesei was obtained at the medium initial pH
of about 5.4 and RSM was applied for optimizing the
medium constituents. The highest enzymatic activity
(15.02 TU/ml) in the present study was compared with
the results obtained by Muthuvelayudham and Virutha-
giri [32]. Gokhale et al. [42] reported that the optimum
pH for cellulase production by A. niger NCIM 1207 was
3.0-5.5. The cellulase activity has a broad pH range bet-
ween 3.0 and 9.0. Akiba et al. [43] found the optimal pH
in between 6.0 and 7.0 for cellulase from A. niger.

Nitrogen sources in the fermentation medium for the pro-
duction of cellulolytic enzymes vary from organism to
organism and influence the enzyme production. In the
present study urea at middle level (0.17% w/v) induces
the enzyme production on by interacts with other fer-
mentation parameters. These results are in agreement
with the Brown et al. [44] reported that urea and corn-
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steep liquor were the best nitrogen sources for the pro-
duction of cellulase by Penicillium pinophillum. Simi-
larly, Narasimha et al. [45] reported that at 0.03% urea,
peptone and NaNO, used as nitrogen source, the activity
of cellulase obtained were 0.824, 0.421 and 0.401 IU/mL,
respectively. Effect of minerals on enzyme production is
dependant on it’s concentration in the bioconversion me-
dium [46]. In the present study cellulase activities of the
Cladosporium sp. were increased with the middle level
of (0.17% w/v) MgSO, on by interaction with other fer-
mentation parameters. Lower or higher concentration of
MgSO, decreases the enzyme production, magnesium is
needed for cellulase production, but it is also inhibitory
at high concentrations [47]. Similarly, Shahriarinour et
al. [48] reported that the highest growth and cellulase ac-
tivities of 4. terreus were increased with the presence of
magnesium (5 mM) in the culture medium than with low
(0 mM) or higher magnesium (10 mM) levels. Youssef
and Berekaa [49] studied the production of endoglucana-
se by Aspergillus terreus by applying the Plackett-Bur-
man design for optimization of process parameters and
this study agreed with our results in that, both KH, SO,
and MgSO, positively affected CMCase production.
High levels of KH,SO, and low levels of MgSO, maximi-
ze enzyme production. The present results indicate the
suitability of cheaply available lignocellulosic substrate
and fruit waste for enzyme production through SmF on
by optimizing the medium constituents. Using natural
substrates as inducers for enzyme production will even-
tually reduce the production cost in fermentation process.
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