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Abstract

Statistical experimental design was used to optimize the conditions of simultaneous saccharification and fermentation (SSF), viz. tem-
perature, pH and time of fermentation of ethanol from sago starch with co-immobilized amyloglucosidase (AMSshamdnas mobilis
MTCC 92 by submerged fermentation. Maximum ethanol concentration of 55.3 g/l was obtained using a starch concentration of 150 g/l. The
optimum conditions were found to be a temperature of 32,5H of 4.93 and time of fermentation of 17.24 h. Thus, by using SSF process
with co-immobilized AMG andZ. mobilis cells MTCC 92, the central composite design (CCD) was found to be the most favourable strategy
investigated with respect to ethanol production and enzyme recovery.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction tries [4] and is an alternative source of energy. The starch
is a product extracted from the seeds or tubers, stems of
The new developments in biotechnology will play an palms and cycads such afetroxylon sagu and is a mix-
important role in resolving part of the energy and food prob- ture of 27% (w/w) amylose and 73% (w/w) amylopectin
lems that lie ahead. One important development, which has[5]. There are a variety of products that can be obtained
stimulated worldwide interest is the utilization of renew- from starch biomass via hydrolysis. Alcohol is one of
able carbohydrate sources for the production of ethanol asthe largest volume of products that can be produced from
a liquid fuel [1-3]. Sago starch is an agricultural mate- biomass. Recently, there has been active research aimed
rial abundantly produced in India and other tropical coun- at attaining an increase in ethanol yield by immobilized
techniques.
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in the form of alginate beads and SSF was carried using the
co-immobilized cells and enzyme. The SSF process com-
bines enzymatic hydrolysis of starch to glucose and ethanol
fermentation into a single operation. Consequently, this pro-
cess offers a great potential of increased rate of hydrolysis,
reduction of fermentation time, decreased capital [gstnd
removing end point inhibition as well as eliminating the need
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for separate reactors. SSF process has attracted many inves:5. Co-immobilization
tigators[7,8].

The traditional ‘one-factor at a time’ technique used for The enzyme was immobilized on powdered chitin using
optimizing a multivariable system is not only time consum- the procedures of Stanley et f9]. Exponentially growing
ing but also often easily misses the alternative effects betweenz. mobilis cells (8 g dry cell weight) were centrifuged and
components. Also, this method requires to carry outa numberresuspended with the immobilized glucoamylase on chitin
of experiments to determine the optimum levels, which are in 50 ml physiological saline. The suspension was carefully
untrue. These drawbacks of single factor optimization pro- mixed with 50 ml 4% sodium alginate solution. The slurry
cess can be eliminated by optimizing all the affecting parame- was then added drop wise to a 0.05 M Ca&blution with
ters collectively by CCD using response surface methodology continuous stirring using a 5 ml disposable pipette tip. Beads
(RSM). Recently, many statistical experimental design meth- of 3—4 mm diameter were formed in this solution. The total
ods have been employed in bioprocess optimization. Among volume of beads was approximately 68 ml. The concentra-
them, RSM is the one suitable for identifying the effect of tions of the chitin immobilized glucoamylase aAdnobilis
individual variables and for seeking the optimum conditions cells in the beads were 77.2 and 93.2 g dry weight/l beads,
for a multivariable system efficiently. This method has been respectively.
successfully applied to optimize alcoholic fermentation and
other fermentation medi®-16]. A detailed account of this
technique has been outlingld7]. Basically, this optimization

process involves three major steps: performing the statisti-  gi5¢ch liquefaction was carried out by adding 0.2% (v/w)
cally designed experiments, estimating the coefficients in a y-amylase to the slurry at pH 6.5 and heating at @or

mathematical model and predicting the response and check-) o problem was faced during the solubilization of starch
ing the adequacy of the model. Hence, the authors report theyecause of the reduction in viscosity of fermentation mashes

application of the RSM using the Box-Wilson des[46] of by enzymes. Fermentation media were composed of 150 g
experiments to develop a mathematical correlation betweensago starch, 10 g yeast extract and co-immobilized enzyme

the temperature, pH and time of fermentation and concentra- 5 cell beads (120 ml bead volume) in 11 water. Fermenta-
tion of ethanol. _ . tion was carried out in a Biostat M fermentor supplied by B.
Inthe present study, the optimal conditions of temperature, gra n Co., Germany, with all necessary controls. The reactor
pHand time_ Qf fermentation for m_aximum ethanolyield have 5502 capacity and the working volume was 1 1. The oper-
been quantified from the Box-Wilson CCD. ating conditions were maintained at a temperature ofCG30
and pH 5.0. The reactor was maintained under anaerobic
conditions.

2.6. Production media and fermentation

2. Materials and methods

2.1 Substrate 2.7. Analytical methods

Ethanolwas estimated by GLC in which a flame ionization
detector and stainless steel column (2.0 m length, 3.0mm
i.d.) packed with Porapak-Q (50-80 mesh, manufactured by
Nucon Engineers, India) were used. The column oven was
operated isothermally at 15C and the detector and injection
ports were kept at 170C. Nitrogen was used as carrier gas
at a flow rate of 30 cifimin and the combustion gas was a
mixture of hydrogen and aj13]. Sugars were determined
using Miller’s method?20].

Sago starch was collected from cultivators, East Godavari
District, Andhra Pradesh, India.

2.2. Organism

Z. mobilis MTCC 92 obtained from IMTECH, Chandi-
garh, India, was used throughout this study.

2.3. Enzymes

a-Amylase fromBacillus licheniformis and AMG from
Aspergillus niger were obtained from Sigma Chemical Co.
(St Louis, MO). The activities of the two enzymes were
60 KNU/g and 200 AGU/m, respectively.

2.8. Experimental design and optimization

CCD[18] was used in the optimization of ethanol produc-
tion. TemperatureXy, °C), pH (X2) and time of fermentation
(X3, h) were chosen for the independent variables shown in
Tables 1 and 2Ethanol concentrationt{, g/l) was used as
the dependent output variable. For statistical calculations the

2.4. Growth conditions

The Z. mobilis MTCC 92 was maintained on agar slants
having composition (g/l): glucose, 100; yeast extract, 10;
KH2POy, 1; (NHg)2SOy, 1; MgSQy-7H20, 0.5 and the cells
were grown at a temperature of 35 and pH of 5.5.

variablesX; were coded as; according to Eq(1):

Xi — x;
Ax;

X = , i=1,2,3,...,k

1)
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