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Abstract : Cellulase catalyzes the conversion of cellulose into monomeric units which has many
biologically important applications. Cost of production of cellulase which is great hindrance in the
current era can be greatly reduced by using lignocellulosic wastes as substrate for the enzyme
production. The current study mainly focuses on the production and optimization of cellulose using
jackfruit waste as substrate and Aspergillus fumigatus JCF as microorganism. Substrate was pretreated
with different chemicals and 0.5N NaOH was selected as the best pretreatment method. The enzyme
with activity of 3.3 IU/ml was further used for the production of bioethanol through simultaneous
saccharification and fermentation using agricultural wastes as substrate. The presence of yeast along
with cellulase enzyme greatly reduces the accumulation of sugar in the fermentation media.
Bioethanol production was tried using both treated and untreated substrates. Out of all the substrates
tried pretreated sugarcane leaves liberated maximum bioethanol of about 18g/I.
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Introduction

Cellulose is one of the important constituent of plants. It is referred as “biological currency” because it
is an abundantly available biopolymer which can be used for the production of many useful products®?
Lignocelluloses form a major portion of agricultural wastes and forest wastes. The key step in the exploitation
of cellulose is its hydrolysis into monomeric sugars and their eventual conversion into valuable compounds for
the release of energy®. Cellulases are group of enzymes which include endoglucanases (EC 3.2.1.4),
cellobiohydrolases ( EC3.2.1.91) and B-glucosidases (EC3.2.1.21)*°. Cellulase plays an important role in the
conversion of cellulose into monomeric units glucose. Thus cellulases have many important applications like
formulation of washing powder,animal feed production®, textile industry, pulp and paper industry’, starch
processing, lactic acid production®, alcohol fermentation, extraction of fruits and vegetable juices®.

Many microbes help in the cellulase synthesis which mainly includes bacterial and fungal species.
Fungal species secrete more cellulase than bacterial species™. Filamentous fungi especially Aspergillus,
Penicillium and Trichoderma species are efficient producers of cellulase enzyme™*2. High cost of raw materials
is the major problem in the enzyme production can be overcome by microbial fermentation using low cost
substrates. Research is going on extensively in this area. Some have tried the cellulase production with
substrates like wheat straw™, rice straw etc and fruit processing waste such as apple pomace and grape pomace,
pineapple waste**®. But studies on the use of jackfruit waste as raw material are very few in the literature.
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The hydrolysis of cellulose will be greatly affected by the porosity of lignocellulosic biomass, by
cellulose crystallinity, and by lignin and hemicellulose content'’. Pretreatment procedures will remove lignin
and hemicelluloses, thereby reducing cellulose crystallinity and increase the porosity of the materials.
Pretreatment can be done by physical, chemical and biological methods. The operating conditions of
fermentation need to be optimized for maximum production in industrial technology. Optimization using
statistical optimization through central composite design considering all interactions effects of the factors
reduces the time consumption which is a major drawback of optimization through one factor at a time study*®%.

In the present scenario entire world is looking forward for an alternate energy source due to increased
concern regarding environmental pollution, energy security etc®*? . Bioethanol produced through
saccharification and fermentation is a good solution to the situation®. Enzymatic saccharification of cellulosic
biomass has been considered as an environmentally friendly method. The present study mainly focuses on the
optimized production and application of cellulase for increased bioethanol production.

Materials and methods
Raw Material

Jack fruit perianths procured locally from Kerala was used for the production of cellulase enzyme. Saw
dust and sugar cane leaves were collected from the market in Chennai. Water hyacinth was collected from
Kerala. Saw dust, sugar cane leaves and water hyacinth were used for bioethanol production. The jackfruit
waste was brought to the lab and dried overnight at 60°C and mill-ground. The particles taken from 240um
mesh were used as the carbon source for cellulase production. Feedstocks for bioethanol production like saw
dust, water hyacinth and sugar cane were boiled, mashed and then autoclaved. All the samples were pretreated
by using chemicals as per the procedure. The samples were then neutralized and dried properly at 60°C until
constant weight. This was then stored under dried conditions for further studies.

Pretreatment

The delignification of the jackfruit perianths was achieved by hydrolyzing the sample with 0.5 M
sulfuric acid, hydrochloric acid, citric acid, sodium hydroxide and potassium hydroxide. The mixture was kept
at 50°C for 2hr. Hydrolysate was neutralized, washed and centrifuged to remove precipitate. The precipitate and
filtrate was used for the estimation of ash, lignin, cellulose and hemicelluloses. The pretreated substrate was
weighed to measure the weight loss and the filtrate was used to determine the soluble lignin by modified Klason
lignin method®. Cellulose and hemicelluloses amount was determined according to the procedure by Ververis
et al®®. Precipitate was dried overnight in oven and stored under sterilized conditions for further use.

Microorganisms

A previously isolated cellulase producing fungi, Aspergillus fumigatus JCF from spoiled jackfruit was
used in this study. It was grown on czapex dox agar medium at 30°C. After complete sporulation it was stored
at 4°C in czapex dox agar medium. Fungal strain was dislodged from the agar medium for further study, by
adding 5ml sterilized water containing 0.1% Tween 80%. The spores were dislodged from the agar slant and
inoculated into presterilized media.

Experimental design

Central composite design of response surface methodology was used for the cellulase production by
Aspergillus fumigatus JCFconsisting of four factors at three level patterns (Table 1). Ammonium sulphate (Xy),
KH,PO4(X;), Tween 80 (X3) and time of incubation (X,) are chosen as the independent variables and cellulase
activity as the dependent output variable for central composite design. The polynomial quadratic equation fitted
to evaluate the effect of each independent variable to the response is given in eg.(1):

V=P 401X, +(18:)X: +BaXa 4 FuXo + BsXT 4+ BeP X3 4 B X3 4 BoXi 4 BaXy Ko 4 ProXo Ko+ PraXo Xy 4 Fia XaXa 4 PraXo Xy 4 f1a 105,
................ 1

where Y is the predicted response, Xi,X5,X3,X,4 are the coded independent input variables, B iS the intercept
term, PBi1, B2, Ps, Psare the linear coefficients showing linear effects, Bs, s, B7, Psare the quadratic coefficients
showing squared effects and Bo, P10, P11, P12 P13, P14 are the cross product coefficients showing interaction effects.
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Optimum values of variables were obtained by using regression analysis. Statistical analysis of the model was
performed to evaluate the analysis of variance (ANOVA) *" 2%,

Simultaneous saccharification and fermentation for bioethanol production

One gram of saw dust, sugar cane leaves and water hyacinth was mixed with 100 ml citrate buffer in a
250 ml flask. Media was prepared by mixing yeast extract (0.1%, w/v) and peptone (0.1%, w/v) to the above
solution. Media prepared was sterilized and inoculated with baker’s yeast and 4ml of crude cellulase enzyme
(3.34 1U/ml). The fermentation was carried out at 120rpm and 30°C. The sample was collected at regular
intervals of 12 hours. Residual sugar and ethanol concentration was determined for each sample. The residual
sugar concentration was measured by DNS assay®.This procedure was repeated with samples treated with
sodium hydroxide. NaOH treatment was conducted for the delignification of saw dust, sugar cane leaves and
water hyacinth.

Analytical Methods
Assay of cellulase enzyme activity

Endoglucanase activity (CMCase) was measured using a reaction mixture containingl.5 ml of 1%
carboxymethyl cellulose (CMC) in 50 mM sodium citrateacetate buffer (pH 4.8) and 1.5 ml of filtrate. The
reaction mixture was incubated at 50 + 2°C for 10 min, and the reducing sugar produced was determined by
DNS method®®. One unit (IU) of cellulase activity was defined as the amount of enzyme releasing 1 pmole of
reducing sugar per min.

Determination of Bioethanol

The amount of ethanol produced in the fermentation media was estimated by using dichromate method.
The 1 ml of cell free extract was diluted four times and 1 ml of potassium dichromate was added. After keeping
all tubes containing the above mixture in ice water 5 ml of concentrated sulfuric acid was added gently through
the walls. Then the optical density was measured on spectrophotometer at 660 nm .

Results and Discussion
Pretreatment of substrate

The effect of alkali and acid pretreatment on chemical composition of rice straw such as cellulose,
hemicellulose and lignin was analyzed. Cellulose, hemicellulose and lignin contents of samples with and
without pretreatment are shown in Table 1 where maximum cellulose content (32.18%) was obtained from 0.5
M NaOH pretreated substrate. Effect of pretreatment on cellulase production was studied by fermentation of
various pretreated substrates. The results are shown in Fig 1. It shows that substrate treated with sodium
hydroxide gave maximum yield.

Table 1. Biochemical composition of Jackfruit waste under various pretreatment chemicals

Treatment method Cellulose(%b) Hemicellulose(%0) Lignin(%o)
Before Treatment 29.17 15.78 4.28
After Treatment

0.5 M NaOH 35.18 14.2 1.30

0.5M KOH 33.9 12.7 2.44

0.5 M H,SO, 31.23 10.89 1.35

0.5 M HCI 30.83 9.28 1.32
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Fig 1. Effect of pretreatment on CMCase activity
Optimization of parameters by Response surface methodology

For maximizing the cellulase production four important parameters were optimized by response surface
method through central composite design. The range and levels of the variables used in the experimental design
are shown in Table 2. The parameters selected for the study included Ammonium sulphate ((NH,4),SO,(1-5%)),
Potassium dihydrogen orthophosphate (KH,PO, (0.5-2.5%), Tween 80(35-95) and Time of incubation (3.5-
5.5days). By applying multiple regression analysis on the experimental data, a second-order polynomial
equation was obtained as given in eq.(2)

V=334 +0.14%; + 00795, - 025X, + 008, - 000, X, - 0.18%,X; + 0.001%,X, +0.099X,X, + 0.065X,X, + 0.24X,%, - 052K7 - 053%3 - 01543

Table 2 . Response surface design along with experimental and predicted values for optimization of
selected variables for CMCase production

Run X1(%) X2(%) X3(uh X4(hrs) Observed
CMCase Activity
(1U/ml)
1 3.00 1.50 65.00 4.50 3.37
2 5.00 1.50 65.00 4.50 1.63
3 4.00 1.00 80.00 5.00 1.74
4 3.00 0.50 65.00 4.50 1.09
5 3.00 1.50 65.00 4.50 3.30
6 2.00 2.00 50.00 5.00 1.81
7 4.00 2.00 50.00 5.00 2.44
8 2.00 1.00 50.00 5.00 1.49
9 4.00 1.00 50.00 4.00 2.97
10 3.00 1.50 65.00 4.50 3.33
11 3.00 2.50 65.00 4.50 151
12 4.00 2.00 50.00 4.00 2.15
13 2.00 1.00 80.00 4.00 1.12
14 2.00 2.00 80.00 5.00 2.27
15 3.00 1.50 35.00 4.50 3.34
16 4.00 2.00 80.00 4.00 1.47
17 2.00 1.00 80.00 5.00 1.91
18 4.00 1.00 50.00 5.00 2.36
19 2.00 2.00 80.00 4.00 1.50
20 3.00 1.50 65.00 4.50 3.29
21 4.00 2.00 80.00 5.00 2.04
22 2.00 2.00 50.00 4.00 2.12
23 2.00 1.00 50.00 4.00 1.95
24 4.00 1.00 80.00 4.00 1.18
25 3.00 1.50 65.00 4.50 3.34
26 1.00 1.50 65.00 4.50 1.06
27 3.00 1.50 95.00 4.50 2.35
28 3.00 1.50 65.00 5.50 2.77
29 3.00 1.50 65.00 3.50 2.65

30 3.00 1.50 65.00 4.50 3.37
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Statistical significance of the model was checked by ANOVA. The Model F-value of 46.81 implies the
model is significant. There is only a 0.01% chance that an F-value this large could occur due to noise. The
regression results from the data of central composite design experiments are shown in Table 3. Values of "Prob
> F" less than 0.0500 indicate model terms are significant. In this case Xi, Xp, Xs, Xa, X1Xz X1 X3, X2X3 X3X4,

Xlz, Xzz, X32 and X4Zare significant model terms. Values greater than 0.1000 indicate the model terms are not
significant. The "Lack of Fit F-value" of 29.60 implies the Lack of Fit is significant. There is only a 0.08%
chance that a "Lack of Fit F-value™ this large could occur due to noise."Adeq Precision” measures the signal to
noise ratio. A ratio greater than 4 is desirable. Ratio of 20.489 in the current study indicates an adequate signal.
This model can be used to navigate the design space.

Table 3. Analysis of Variance Table for Response Surface Quadratic Model

Source Sum of df Mean square  F value P value Significance
squares Prob > F
Model 17.43 14 1.24 46.81 <0.0001 Significant
X1 0.45 1 0.45 17.04 0.0009 Significant
X2 0.15 1 0.15 5.78 0.0296 Significant
X3 1.51 1 1.51 56.92 <0.0001 Significant
X4 0.14 1 0.14 5.34 0.0354 Significant
X1X2 0.12 1 0.12 4.55 0.0499 Significant
X1X3 0.55 1 0.55 20.54 0.0004 Significant
X1X4 1.900E-0050 1 1.900E-0050  7.143E-004 0.9790
X2X3 0.16 1 0.16 5.87 0.0285 Significant
X2X4 0.067 1 0.067 2.51 0.1343
X3X4 0.90 1 0.90 33.69 <0.0001 Significant
X1? 7.47 1 7.47 280.97 <0.0001 Significant
X2? 7.74 1 7.74 290.92 <0.0001 Significant
X3? 0.59 1 0.59 22.22 0.0003 Significant
X4? 0.90 1 0.90 33.82 <0.0001 Significant
Residual 0.40 15 0.027
Lack of Fit 0.39 10 0.039 29.60 0.0008 Significant
Pure error 6.626E-003 5 1.325E-003
Corr.Total 17.83 29

In the current study determination coefficient (R-squared) was found to be 0.9659.When the R-squared
value is closer to 1, the model will be stronger and will predict the result in a better way*".The "Pred R-Squared"
of 0.8727 is in reasonable agreement with the "Adj R-Squared" of 0.9567, that is the difference is less than
0.2."Adeq Precision" measures the signal to noise ratio. A ratio greater than 4 is desirable. The ratio in the
current study was 20.489 which indicate an adequate signal. This model can be used to navigate the design
space.

Under the optimum conditions predicted enzymatic activity was found to be 3.34 IU/ml. To validate the
predicted response, experiments were conducted in triplicates under optimized conditions. The cellulase activity
was found to be 3.32 1U/ ml which was close to the predicted value.

Simultaneous saccharification and bioethanol production

The simultaneous Saccharification and fermentation process, firstly described by Takagi et al*’,
combines enzymatic hydrolysis of cellulose with simultaneous fermentation of its main derived sugar (glucose)
to ethanol. In this process lignocellulosic materials with complex cellulose will be broken down into simple
sugars by cellulolytic action, which will be followed by fermentation for the production of bioethanol. Current
work reveals a comparative SSF study for bioethanol production by using substrates with and without
pretreatment with sodium hydroxide. The yeast Saccharomyces sp. is the choice of organisms due to its high
bioethanol production efficiency than others® .Bioethanol is a form of renewable energy produced from
agricultural feedstocks. Cellulosic bioethanol offers promise because cellulose fibers, a major and universal
component in plant cells walls, can be used to produce ethanol®. So here cheaply available agricultural wastes
like saw dust, sugar cane leaves and water hyacinth were used for the production of reducing sugar and thereby
bioethanol.
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According to Schell and Walter in 1991%, simultaneous Saccharification and fermentation (SSF) is
thought to be the best process for enzymatic conversion of cellulose to ethanol. Samples were treated with crude
cellulase enzyme which released reducing sugars which then was acted upon by yeast for the production of
bioethanol. Highest amount of reducing sugar was released from sugar leaves which was about 16.5 g/l. Water
hyacinth and saw dust released about 15.5g/1 and 15.22 g/l respectively. Fermentation by yeast on these
Saccharified samples released bioethanol. Maximum bioethanol released by sugar cane leaves was about
15.41g/l and water hyacinth and saw dust released about 15.08 and 14.78 g/l respectively. When the pretreated
substrates were used for simultaneous saccharification and fermentation more release of reducing sugar was
observed. Pretreatment makes the lignocellulosic substrate amenable to hydrolysis and fermentation by
breaking down complex molecules. Action of cellulase enzyme on NaOH treated sugar cane leaves, water
hyacinth and saw dust released maximum of 20g/l, 19.19¢/l and 18.43g/l reducing sugar respectively. These
Saccharified samples released maximum bioethanol concentration of about 18g/l ,17.88g/l and 16.37g/I
respectively on fermentation with baker’s yeast. The results of these studies are shown in Fig 2 and Fig
3.Bioethanol production by microbial extracellular enzymatic hydrolysis and fermentation on cellulosic
substrates yielded of 8.9g/1 *°.
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Fig 2 Bioethanol production in SSF Fig 3 Reducing sugar released in saccharification
Conclusion

The current study mainly focused on the effect of different parameters on cellulase production. Pretreatment
greatly increases the porosity of substrates so that activity of microbes will easier for the enzyme production. Out of
the different chemicals tried for pretreating the substrate, 0.5N NaOH released maximum amount cellulose. Using
response surface methodology, factors like ammonium sulphate KH,PO,4, Tween 80 and time of incubation were
optimized for enhanced cellulase production. The maximum activity predicted by the model was in agreement with
that of the experimental values. Consequently, the cellulase enzyme produced by Aspergillus fumigatus JCF, was
employed for bioethanol production using simultaneous saccharification and fermentation. Out of the six substrates
tried for bioethanol production pretreated sugarcane leaves produced maximum bioethanol at shake flask level. Thus
the present study reveals that, by using the agricultural wastes cellulase production can be economically increased

thereby bioethanol production can be enhanced.
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