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ABSTRACT 
 

Bioethanol is an important renewable energy resource. It is blended with fuel have much 
higher compression ratio without Octane boosting additive. Ethanol has been known for a 
long time, being perhaps the oldest product obtained through traditional biotechnology. It is 
an attractive, sustainable energy source to fuel additives. Based on a four level central 
composite design (CCD) involving the variables substrate composition (X1), pH (X2), 
incubation temperature (X3) and fermentation time (X4), a response surface methodology 
(RSM) for the production of ethanol from cashew apple juice by Saccharomyces cerevisiae. 
The design contains a total of 31 experimental trials with the first 16 organized in a 
fractional factorial design and 25 to 31 involving the replications of the central points. Data 
obtained from RSM on ethanol production were subjected to the analysis of variance 
(ANOVA) and analyzed using a second order polynomial equation resulted in the optimized 
process conditions of 62% (v/v) as substrate concentration, pH–6.5, temperature 32°C and 
fermentation time of 42h. Maximum ethanol concentration (15.64 g/l) was obtained at the 
optimized conditions in anaerobic batch fermentation. 

Key Words : Ethanol, Central composite design (CCD), Response surface methodology 
(RSM), Cashew apple juice. 

 
INTRODUCTION 

Ethanol is used as transport fuel and fuel 
additive In US and Brazil 22% ethanol was 
blended with gasoline because of ethanol has 
a higher octane value 98–110. In recent 
years, fermentative production of ethanol 
from renewable resources has received 
attention due to increasing petroleum 

shortage. The world’s energy needs has been 
estimated to close to 1021 joules per year 
which equals a continuous average per capita 
consumption of about 4-6 kW. Non-
renewable energy sources, i.e. fossil fuels 
represent the most exploited forms of energy 
today and it has been calculated that at the 
present rate of production fossil fuels would 
be exhausted in the next century. Hence there 
is a need to develop and implement viable * Author for correspondence 
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technologies for the production of alternative 
renewable energy and feedstock1. Today, 
however, many of the technologies for the 
production of alternative fuels such as bio-
ethanol are not competitive with the cheap 
fossils fuels available. Despite this, some 
commercial interest and research continues 
because of the abundance of raw materials 
and the prediction that the energy economics 
will change near future to favour bio-fuels. A 
concern for the environment in recent days 
has also renewed interest in fuel ethanol2. 

Inexpensive waste products from the 
forestry industry as well as agricultural 
residues can be utilized as raw material3. The 
forestry industry wastes such as cashew 
apple or false fruit (Anacardium occidentale 
L.) which contains approximately 30% 
fermentable sugars (fructose and glucose), 
which can be utilized for fermentation of 
ethanol4. It can also be squeezed for fresh 
juice, which can then be fermented into 
cashew wine, which is a very popular drink 
in West Africa. In parts of India, it is used to 
distil cashew liquor referred to as feni 
(alcoholic drink)5. Cashew apple juice 
normally has sufficient organic nutrients and 
minerals (Vitamin C, calcium, iron, 
phosphorus, sodium and potassium) that 
make it suitable for ethanol production by 
fermentation with microorganisms6. Cashew 
apple has no commercial use value, except 
for its use by rural inhabitants in the 
production of homemade alcoholic 
beverages7. India now accounts for about 40 
percent of world cashew production. 

Optimization of process conditions is 
one of the most critical stages in the 
development of an efficient and economic 
bioprocess. Classical and statistical 
methodologies are available for optimizing 
process conditions such as response surface 
methodology (RSM), Taguchi, SX, etc. 
Statistical methodologies involve use of 
mathematical models for designing 
fermentation processes and analyzing the 

process results8. RSM is a powerful 
mathematical model with a collection of 
statistical techniques where in, interactions 
between multiple process variables can be 
identified with fewer experimental trials. It is 
widely used to examine and optimize the 
operational variables for experiment 
designing, model developing and factors and 
conditions optimization9. There are various 
advantages in using statistical methodologies 
in terms of rapid and reliable short listing of 
process conditions, understanding 
interactions among them and tremendous 
reduction in total number of experiments, 
resulting in saving time, glassware, 
chemicals and manpower. In spite of various 
advantages, the statistical designs have been 
applied to only a limited number of aerobic 
submerged and solid state fermentation and 
anaerobic submerged fermentation 
processes10. Thus, RSM experimental design 
is an efficient approach to deal with a large 
number of variables and there are several 
reports on application of RSM for the 
production of primary and secondary 
metabolites through microbial 
fermentation11. 

In the present work, optimization of 
process conditions (substrate concentration, 
temperature, pH and fermentation time) for 
the production of ethanol from waste cashew 
apple juice by using UV mutant strain of 
Saccharomyces cerevisiae have been carried 
out by response surface methodology (RSM).  

MATERIAL AND METHODS 
Waste cashew apples were brought from 

a factory processing cashew apples to extract 
the juice. Cashew apples are cut into slices in 
order to ensure a rapid rate of juice 
extraction when they are crushed in the juice 
press. The fruit juice is pasteurized in 
stainless steel pans at a temperature of 85oC 
in order to eliminate any wild yeast. This 
juice, which contains high levels of tannins, 
was clarified by adding gelatin to remove 
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tannins and suspended solids. Then the 
clarified juice was filtered and treated with 
either sodium or potassium meta -bisulphate, 
to destroy or inhibit the growth of 
undesirable types of micro-organisms such as 
acetic acid bacteria, wild yeast and moulds. 
Juice sample was filled in jars (capacity 2.5 
liters) and was preserved at 4°C to prevent 
any possible degradation or spoilage during 
storage. This treated juice sample (contains 
28.5% of total reducing sugars) was used 
throughout the experimentation  

Micro organism and culture conditions 

Yeast strain Saccharomyces cerevisiae 
MTCC 170 was obtained from IMTECH, 
Microbial Type culture Collection centre, 
Chandigarh, India. Culture was maintained 
on potato dextrose-agar medium. After three 
days incubation at 30 °C the agar slants were 
stored at 4°C.The liquid medium for the 
growth of inoculum for Yeast strain was 
composed of 15-20 g/l glucose, fructose or 
sucrose, 10 g/l yeast extract, 2 g/l KH2PO4, 1 
g/l (NH4)2SO4, 1 g/l MgSO4.7H20. 

Inocula were grown aerobically in 250 
ml Erlenmeyer flasks containing the above 
mentioned medium at 30°C in an 
Environmental Shaker (Remi Scientific) at 
200 rpm for 24 h. Active cells were 
centrifuged in a clinical centrifuge (1200 

rpm), washed with sterile water, and were 
used as inoculum. Fermentations for ethanol 
production were conducted on a shaker at 
200 rpm in 250 ml flasks with 100 ml 
medium.  

Experimental design and statistical 
analysis 

The RSM used in the present study is a 
central composite design (CCD) involving 
four different factors. Experiments were 
conducted in a randomized fashion. The 
CCD contains a total of 31 experiments with 
the first 16 organized in a fractional factorial 
design, with the experimental trails from 25 
to 31 involving the replications of the central 
points (Table 1). The dependent variable 
selected for this study was ethanol (g/l) yield. 
The independent variables chosen were 
substrate composition (X1), pH (X2) of the 
fermentation medium, incubation 
temperature (X3) and fermentation time (X4). 
A mathematical model, describing the 
relationships among the process dependent 
variable and the independent variables in a 
second-order equation, was developed 
(Giovanni, 1983). Design-based 
experimental data were matched according to 
the following second-order polynomial 
equation (1). 

Table 1 : Codes and actual levels of the independent variables for design of experiment 

Independent variables Symbols 
Coded levels 

–2 –1 0 +1 +2 

Substrate conc. (g/l) X1 50 60 70 80 90 

pH X2 5.0 5.5 6.0 6.5 7.0 

Temperature (°C) X1 30 32 34 36 38 

Fermentation time (h) X3 36 42 48 54 60 
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Where, i, j are linear, quadratic 
coefficients, respectively, while ‘b’ is 
regression coefficient, k the number of 
factors studied and optimized in the 
experiment and ‘e’ is random error. The 
quality of fit of the second order equation 
was expressed by the coefficient of 
determination R2, and its statistical 
significance was determined by F-test. The 
significance of each coefficient was 
determined using Student’s t-test. The 
coefficients of the equation were determined 
by employing Microsoft Excel software 
version 5.0. Analysis of variance (ANOVA) 
for the final predictive equation was done 
using Microsoft Excel software. The 
response surface equation was optimized for 
maximum yield in the range of process 
variables using the Microsoft Excel solver 
function. Three dimensional plots and their 
respective contour plots were obtained based 
on the effect of the levels of two parameters 
(at five different levels each) and their 
interactions on the yield of ethanol by 
keeping the other three parameters at their 
optimal concentrations. From these contour 
plots, the interaction of one parameter with 
another parameter was studied. The optimum 
concentration of each parameter was 
identified based on the hump in the contour 
plots. 

Fermentation   

Experiments were conducted in a 
fermenter (Model BioFlow IV, New 
Brunswick Scientific), with 3 L capacity, 
equipped with disc impeller, oxygen and pH 
electrodes. The equipment also monitored 
temperature, agitation speed, gas purging 
flow rate, pumping rates, antifoam addition, 
dO2 and the vessel level. The agitation speed 
(200 ± 1 rpm) and dissolved oxygen (0.05 ± 
0.1 ppm) were kept constant during the 
experiments. Other parameters, like substrate 
concentration, temperature, pH and 

fermentation time, were chosen as the most 
significant ones, considering the 
experimental design. After selecting those 
parameters, experiments were done in 
duplicate, for superior (+) and lower (-) 
levels of the experimental design. For each 
experiment, 10 ml of the inoculum was used, 
that is, 10% (v/v) of the initial working 
volume (1L). The process was conducted 
throughout 72 hrs. 

Analytical methods 

Total reducing sugar was measured by 
the dinitrosalicylic acid (DNS) method 
(Miller, 1959) using a UV-visible 
spectrophotometer Elico BL 198 at 510 nm. 
Biomass was determined by direct optical 
density at 660 nm using Systronics 
colorimeter (420 – 820). Ethanol was 
estimated using NUCON 5765 gas 
chromatography (GC) with a flame 
ionization detector and carbowax(2m x 0.32 
cm) column using nitrogen as the carrier gas 
at the rate of 35 ml/min. The oven 
temperature was held at 80°C. The injector 
and detector temperature was maintained at 
200°C.   

RESULTS AND DISCUSSION  
Optimization of ethanol production 

Table 1 shows the four independent 
variables (substrate composition, pH, 
temperature, incubation time) and their 
concentrations at different coded and actual 
levels of the variables employed in the 
design matrix. Five level central composite 
design matrix and the experimental responses 
of the dependent variable (ethanol yield) are 
listed in Table 2. Using the designed 
experimental data presented in Table 2, the 
polynomial proposed model for ethanol yield 
was regressed by only considering the 
significant terms.  
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Table 2 : Five level factorial central composite design and the experimental responses of 
dependent variable Y (ethanol concentration, g/l) 

Run 
No. 

Coded levels Real values Ethanol conc. (g/l) 
x1 x2 x3 x4 

aX1 
bX2 

cX3 
dX4 Observed Predicted 

1 -2 0 0 0 50 6.0 34 48 5.77 5.64 
2 0 0 0 2 70 6.0 34 60 10.00 9.87 
3 -1 1 1 -1 60 6.5 36 42 4.91 4.94 
4 0 0 -2 0 70 6.0 30 48 5.34 5.38 
5 0 0 0 0 70 6.0 34 48 14.56 14.56 
6 2 0 0 0 90 6.0 34 48 9.22 9.31 
7 -1 -1 1 1 60 5.5 36 54 4.69 4.80 
8 0 0 2 0 70 6.0 38 48 3.21 3.14 
9 0 -2 0 0 70 5.0 34 48 3.86 3.95 
10 -1 -1 1 -1 60 5.5 36 42 4.56 4.54 
11 -1 -1 -1 -1 60 5.5 32 42 4.65 4.65 
12 1 1 -1 1 80 6.5 32 54 7.20 7.01 
13 -1 1 -1 1 60 6.5 32 54 7.28 7.43 
14 1 1 1 1 80 6.5 36 54 4.66 4.88 
15 1 -1 1 1 80 5.5 36 54 5.53 5.32 
16 0 0 0 0 70 6.0 34 48 14.56 14.56 
17 0 0 0 -2 70 6.0 34 36 10.20 10.30 
18 1 1 -1 -1 80 6.5 32 42 7.59 7.70 
19 0 0 0 0 70 6.0 34 48 14.56 14.56 
20 0 0 0 0 70 6.0 34 48 14.56 14.56 
21 -1 1 1 1 60 6.5 36 54 6.21 6.26 
22 -1 -1 -1 1 60 5.5 32 54 6.56 6.48 
23 1 -1 -1 1 80 5.5 32 54 7.77 7.96 
24 1 1 1 -1 80 6.5 36 42 7.27 7.14 
25 0 2 0 0 70 7.0 34 48 3.54 3.41 
26 1 -1 -1 -1 80 5.5 32 42 9.95 9.69 
27 0 0 0 0 70 6.0 34 48 14.56 14.56 
28 0 0 0 0 70 6.0 34 48 14.56 14.56 
29 0 0 0 0 70 6.0 34 48 14.56 14.56 
30 -1 1 -1 -1 60 6.5 32 42 4.56 4.55 
31 1 -1 1 -1 80 5.5 36 42 8.56 8.63 

aX1 (Substrate concentration, g/l) is calculated as: X1 = 70 + x1 (10) 
bX2 (initial pH) is calculated as: X2 = 6.0 + x2 (0.5) 
cX3 (incubation temperature, °C) is calculated as: X3 = 34 + x3 (2) 
dX4 (fermentation time, h) is calculated as: X3 = 48 + x3 (6) 
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The expanded equation (2) is shown below.  

Y = 14.56 + 0.917X1 - 0.135X2 - 0.56X3 - 0.106X4 -1.77X1
2 - 2.718X2

2 -2.575X3
2 - 1.18X4

2 - 
0.474 X1X2 - 0.238X1X3 - 0.892 X1X4 + 0.126X2X3  + 0 .262X2X4 - 0.392X3X4  

Based on the experimental response the 
quantity of ethanol produced by using UV 
mutant strain of saccharomyces cerevisiae 
ranged from 3.21 to 14.56 g/l. Runs # 8 and # 
27 had the minimum and maximum ethanol 
production respectively. The ANOVA result 
of quadratic regression model for ethanol 
yield is described in Table 3. ANOVA of the 
regression model for ethanol yield 
demonstrated that the model was significance 
due to an F-value of 14.82 and a very low 
probability value (P model >F – 0.005). 
ANOVA (F-test) for the model explained the 
response of the dependent variable Y.  
Table 2 also showed that the experimental 
yields fitted the second order polynomial 
equation well as indicated by high R2 values 
(0.999). F- value several times greater than 
the tabulated F-value showed that the model 

predicted the experimental results well and 
the estimated factors effects were real.  

The regression coefficients, along with 
the corresponding P-values, for the model of 
ethanol production by using UV mutant 
strain of Saccharomyces cerevisiae, are 
described in Table 3. It showed that the 
regression coefficients of all the linear term 
and all quadratic coefficients of X1, X2, X3, 
and X4 were significant at < 1% level and 
interaction coefficient of X1X3 was 
significant at < 5% level. ANOVA suggested 
the model to be significant at P<0.01. The P-
values used as a tool to check the 
significance of each of the coefficients, 
which in turn indicate the pattern of the 
interactions between the variables. Smaller 
value of P then it was more significant to the 
corresponding coefficient. 

Table 3 : Results of regression analysis and corresponding t and p- value of second order 
polynomial model for optimization of ethanol production 

Term 
Constant 

Regression 
coefficient 

Std. 
deviation 

t-statistics P-value 

Intercept 14.56 0.05897 246.89 < 0.001 

X1 0.917 0.03185 28.794 < 0.001 
X2 -0.135 0.03185 -4.226 0.001 
X3 -0.56 0.03185 -17.57 < 0.001 
X4 -0.106 0.03185 -3.336 0.004 

X1X1 -1.77 0.02918 -60.651 < 0.001 
X2X2 -2.718 0.02918 -93.167 < 0.001 
X3X3 -2.575 0.02918 -88.24 < 0.001 
X4X4 -1.118 0.02918 -38.331 < 0.001 
X1X2 -0.474 0.03901 -12.161 < 0.001 
X1X3 -0.238 0.03901 -6.105 < 0.001 
X1X4 -0.892 0.03901 -22.864 < 0.001 
X2X3 0.126 0.03901 3.221 0.005 
X2X4 0.262 0.03901 6.713 < 0.001 
X3X4 -0.392 0.03901 -10.046 < 0.001 
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R2 = 0.999      Adjusted R2= 0.99.8 
X1, X2, X3, X4     – Linear effects 
X1X1, X2X2, X3X3, X4X4    – Quadratic effects 

X1X2, X1X2, X1X4, X2X3, X2X4, X3X4  – Interaction effects 
X1, X3      – Significant    
X1X1, X2X2, X3X3, X4X4    – Significant 
X1X2, X1X3, X1X4, X2X4, X3X4   – Less Significant 

Table 4 : Analysis of variance (ANOVA) for the fitted quadratic polynomial model   for 
ethanol production 

Sources of 
variation 

Sum of 
squares 

Degrees of 
freedom (DF) 

Mean square 
(MS) 

F-value P-value 

Regression 465.569 14 33.255 1000.00 < 0.001 

Linear 28.406 4 7.101 291.70 < 0.001 

Square 416.122 4 104.03 4000.00 < 0.001 

Interaction 21.042 6 3.507 144.05 < 0.001 

Residual Error 0.39 16 0.024 - - 

Lack-of-Fit 0.39 10 0.039 - - 

Pure Error 0 6 0 - - 

Total 465.959 30 - - - 

 

 
Fig. 1 :  Parity plot showing the distribution of experimental versus predicted values by the 

mathematical model of the Y (ethanol conc.) values 
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The contour plots based on independent 
variables were obtained using the same 
software package (Fig. 2 to Fig. 4) indicated 
that a local optimum exists in the area 
experimentally investigated. The optimal 
levels in coded values for pH and 
temperature lie between 0 and – 1 and for 
fermentation time 0 and +1.  

The orientation of the principal axes of 
the contour plots between the variables pH 
and substrate composition, pH and 
temperature, pH and fermentation time 
indicated that the mutual interactions 
between these set of variables had a 
significant effect on the ethanol yield.  

The contour plot (Fig. 2) for 
fermentation time  and substrate 
concentration on the yield of ethanol, where  

pH was constant showed that the yields are 
obtained in the middle level of the process 
variables. When the fourth independent 
variable fermentation time was kept constant 
at 34 h the interaction between the two 
variables (fermentation time and pH) showed 
(Fig. 2) that the ethanol yield was sensitive 
even when pH and temperature were subject 
to small alterations. Under certain condition 
a maximal contour (ethanol concentration of 
14.56 g/l) could be determined, meaning that 
further change in temperature and pH would 
not increase the ethanol yield any further. 
The other pair of the independent variables 
substrate concentration and fermentation 
time showed similar effects while keeping 
the third independent variable, temperature 
as a constant at 34°C (Fig. 3). 

The results showed that as the values of 
process variables increased, the yield also 
increased but only up to the midpoint of 
range of variables and thereafter the yield 
decreased even though the values of 
variables increased. The ethanol yield was 

significantly effected by substrate 
concentration, pH, temperature and 
fermentation time where pH producing 
greater effect. The mutual interactions 
between the independent variables are 
significant or not. Interactions of variables 

 
Fig. 2 : Isoresponse contour plot of Substrate concentration versus fermentation time on ethanol 

production 



Journal of Environmental Research And Development Vol. 3 No. 4, April-June 2009 

1202 
 

can be better determined by the orientation of 
the principal axes of the contour plots. From 
the contour plots, the optimam values of the 
independent variables could be observed, and 
the interaction between each independent 
variable pair can de described. 

Response analysis reveled the maximum 
ethanol yield by using UV mutant strain of 

saccharomyces cerevisiae could be achieved 
at the conditions when substrate 
concentration is 62 % (v/v), pH of growth 
media is 6.5; temperature, 32°C and 
fermentation time 42 h. Under these 
optimum process conditions a maximum 
ethanol concentration of 15.64 g/l was 
obtained.

 
Fig. 3 : Isoresponse contour plot of initial pH versus fermentation time on ethanol production. 

 

 
Fig. 4 : Isoresponse contour plot of temperature versus fermentation time on ethanol  

Production. 
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CONCLUSION 
Due to dwindling of fossil fuel microbial 

production of bio fuel from organic waste by 
products has acquired significant fuel for the 
future. This study examines the possibility of 
waste whole cashew apple for ethanol 
production. Cashew apple has no commercial 
use value, except for its use by rural 
inhabitants in the production of homemade 
alcoholic beverages. Conventional 
optimization studies are time consuming and 
expensive. To overcome these problems, a 
central composite design (CCD) was used for 
the optimization of process conditions. From 
the present study, it is evident that the use of 
statistical process condition optimization 
approach, response surface methodology has 
helped to locate the most significant 
conditions with minimum effort and time. In 
addition, it has also proved to be useful in 
increasing ethanol concentration.  A 
maximum ethanol concentration of 15.64 g/l 
was obtained at the optimized process 
conditions.  
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