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USA, from a mere 20 million US liquid gallons (over 75 million liters) 
to 750 million gallons (around 2.84 billion liters) [3]. In 1990, small-
scale producers received an additional tax credit of 10 cents per gallon. 
By 2004, the US ethanol production had grown even more. The Energy 
Policy Act of 2005 was another important step in corn ethanol history. 
It mandated an annual consumption of 7.5 billion gallons of ethanol by 
2012. Two years later, the mandate was increased to 15 billion gallons 
of corn ethanol by 2015.

The present study was accomplished using Response Surface 
Methodology (RSM). It is a major process optimization tool that is used 
to determine the optimum values of a variety of factors significant for 
the process. RSM is a compilation of statistical techniques to design 
experiments, evaluate the effects of variables and thereby, seeking the 
optimum conditions. It is mostly used in optimization of different types 
of fermentations and bioprocesses [4-6]. The major advantage of RSM 
is the confined sets of experimental runs that are required to provide 
sufficient information for statistically acceptable results, in addition, its 
suitability for multiple factor experiments and examination of common 
relationship between various factors under experiment towards finding 
the most suitable production conditions for the bioprocess and forecast 
response. This is a group of techniques that are used to study the 
reaction between one or more measured dependent factors (responses) 
and a number of input (independent) factors.

Materials
• Maize genotypes: Genetically pure seeds of seven single cross

hybrids of maize were procured from Directorate of Maize 
Research, IARI campus, PUSA, New Delhi.

• Fermenting Yeast: The fermenting yeast (Saccharomyces
cerevisiae MTCC 4043) used in the present study was procured 
from IMTECH, Chandigarh. 

• Commercial Enzymes: Alpha amylase was procured from
HI-MEDIA chemicals having activity1:2000 I.P.Units.
Glucoamylase was procured from SRL, New Delhi. The enzyme 
has activity 64 units/mg.

• Fermentor: An applikon fermentor having capacity 3 L was
used in the experiment.

• Distillation unit: A fractional distillation apparatus was used
in the present study.

Experimental set-up
The experiments were conducted by making combinations of the 

variables using two factorial composite design of RSM [7]. Initially, the 
pH and temperature effects were observed on ethanol concentration. 
Nine experiments for fermentation were conducted using Central 
Composite Design (CCD) (design expert software). Further, the effect 
of temperature and substrate concentration was observed on ethanol 
concentration using the same method. Again, nine experiments 
were conducted by CCD (design expert software) for fermentation 
batches. Finally, the effect of pH and substrate concentration on 
ethanol production was observed. Subsequently, nine experiments 
were conducted using CCD (design expert software) performed for 
fermentation.

RSM is a three factorial design where contour plots are generated by 
linear or quadratic effects of key factors and a model equation is derived 
that fits the experimental data to calculate optimal responses of the 
system. To calculate optimum values of three factors (pH, temperature 
and substrate concentration) selected for CCD. An optimization study 

seeks a solution to an objective (minimization and maximization of an 
analysis feature parameters) while being constrained by a set of model 
dimensions and other analysis feature parameters. In order to maximize 
the ethanol production effective factors, the levels were selected based 
on previous studies. The selected variables include pH, temperature 
and substrate concentration. High (+) and low (-) values of these three 
variables were examined. A Central Composite Design was constructed 
which gave different values in the form of a matrix, for the selected 
variables.

Optimization by central composite rotable design

For the optimization of process parameters, statistical experimental 
design advance approach was used to provide information on the 
interactive effect of variables; finally, verification of experiments is 
used to validate the results under specific experimental conditions 
[8]. The influence of temperature, pH and substrate concentration on 
ethanol production was determined using RSM. The results of two level 
factorial experiment designs with five replications of the central point 
and six axial points are summarized in Tables 1-3 with alpha value of 
1.414 and 13 runs. The effect of each factor and their interactions were 
analyzed using the analysis of variance (ANOVA). RSM is being widely 

Run Factor 1
A: pH

Factor 2
B: Temp (⁰C)

Response 1
Ethanol (g/L)

1 7.2 31.00 36
2 5.8 31.00 76.4
3 5.8 18.27 52
4 5.8 43.73 47
5 4.8 40.00 57.8
6 4.3 31.00 59.7
7 6.8 22.00 44.7
8 4.8 22.00 58.2
9 6.8 40.00 42

Table 1: The combined effect of two factors i.e. pH and temperature in 9 
combinations. Standard order 2 represents the maximum ethanol concentration.

Run Factor 1
A: temp (⁰C)

Factor 2
B: Substrate (g)

Response 1
Ethanol (g/L)

1 22.00 140.00 57
2 31.00 188.28 61
3 18.27 160.00 52
4 40.00 140.00 53.5
5 31.00 160.00 74.6
6 43.73 160.00 47
7 31.00 131.72 68
8 40.00 180.00 50
9 22.00 180.00 55

Table 2: The combined effect of two factors i.e. temperature and substrate 
concentration in 9 combinations. Standard order 5 represents the maximum 
ethanol concentration.

Run Factor 1
A: pH

Factor 2
B: Substrate (g)

Response 1
Ethanol (g/L)

1 5.80 160.00 74.6
2 5.80 188.28 61
3 4.80 180.00 57
4 7.21 160.00 36
5 6.80 140.00 48.2
6 4.39 160.00 59.7
7 6.80 180.00 43
8 5.80 131.72 68
9 4.80 140.00 60.1

Table 3: The combined effect of two factors i.e. pH and substrate concentration in 
9 combinations. Standard order 1 represents the maximum ethanol concentration.
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used in optimizing different types of fermentations and bioprocess. 
RSM is applied to evaluate the effect of pH, temperature and substrate 
concentration on ethanol production by making combination of 
variables.

Central composite design (CCD) is the most common experimental 
design used in RSM, and the design exhibits equal certainty in all 
directions from the center. The F-test analysis of variance (ANOVA) 
was used to check the statistical significance of model equation. 
Experimental data was analyzed via response surface methodology in 
order to fit the following second order polynomial equation generated 
by Design Expert software (Trial VERSION 8.0.7.1 Stat-Ease Inc; USA). 
Second order coefficients were generated via regression. The response 
was initially fit to the factors via multiple regressions. The quality 
of the fit of the three models was evaluated using the coefficients of 
determination and analysis of variance. The three quadratic response 
surface models conducted by Central composite design were fit to the 
following equations:

I. 2 276.40 7.85 1.25 0.57 13.78 12.95Y A B AB A B= + − − − − −

 Where, A=Temperature, B=pH, Y=Ethanol concentration

II. 2 274.60 1.95 1.92 0.37 13.33 5.83Y A B AB A B= + − − − − −

 Where, A=Temperature, B=Substrate concentration, Y=Ethanol 
concentration

III. 2 274.60 7.43 2027 0.53 14.47 6.07Y A B AB A B= + − − + − −

Where, A=pH, B=Substrate concentration, Y=Ethanol 
concentration.

Process methodology

Maintenance of culture: Saccharomyces cerevisiae MTCC 4043 was 
maintained by subculturing it every 15-20 days on YEPD agar plates 
and incubated in a BOD incubator at 30°C, pH 5.4 for 24 hours.

Inoculum preparation and inoculation: The inoculum for yeast 
was prepared in YEPD liquid medium. A loop full of strain MTCC 4043 
was inoculated in the liquid medium. The culture was incubated in a 
BOD incubator at 30°C 150 rpm for 24 hours. This inoculum was used 
10% in the sterilized corn mash.

Process of conversion of corn to ethanol: In the present study, 
ethanol is made through dry milling process [9,10]. However, ethanol 
can be made both by dry and wet milling of corn. In dry milling the 
entire corn kernel is processed without separating out the various 
component parts of the grain such as the germ. Water is added to form 
the slurry to which the enzymes are added to convert the starch to 
dextrose, a simple sugar. It is cooked at high temperatures to reduce 
bacterial levels, and then it is cooled and transferred to fermenters 
where yeast is added to convert the sugars to ethanol. Cooking and 
fermentation converts the starch in the grain to sugar and ethanol [11]. 
Left behind is the ‘stillage’-comprising of protein as well as fiber. This 
stillage is sent through the centrifuge that separates the solid matter and 
soluble which are concentrated to syrup of 30% solids by evaporation. 
The solid matter and syrup are combined and dried together to produce 
a co-product called distiller’s dry grain with soluble (DDGS). DDGS is 
a high quality, medium protein, nutritious feed ingredient widely used 
in beef and dairy cattle, poultry and swine feed.

Grinding

The whole corn kernel was grinded to very fine powder.

Fermentation

The substrate was dissolved in 1000 ml distilled water in the 
fermentation vessel. The vessel was autoclaved along with slurry. When 
the temperature of fermentation vessel after autoclaving reaches to 
60-70°C, α-amylase [12] was added in the fermentation vessel. The 
pH, temperature and substrate concentration of the vessel was set in 
accordance with different matrix design from RSM (Tables 1-3). After 
5 hrs, glucoamylase along with the 24 hrs old culture of S. cerevisiae 
MTCC 4043 was added in the vessel. The fermentation cycle was run 
for 72 hrs. The sample was filtered and distilled after 72 hrs.

Results and Discussion
Matrix designs of combination of variables conducted by central 

composite analysis: Tables 1-3 describe the results of two level factorial 
experiment designs with five replications of the central point and six 
axial points.

ANOVA for Response Surface Quadratic Models

Analysis of variance of quadratic model (i)

ANOVA and regression coefficients are listed in Table 4. The model 
F value of 310.89 implies that model is significant (with only 0.01% 
chance that the value could occur due to noise). Values of probability 
less than 0.050 indicate model terms are significant. In this case linear 
factors (A,B), quadratic factors (A2,B2) are significant terms. Values 
greater than 0.100 indicate model terms are not significant. If there are 
many insignificant model terms (not counting those required to support 
hierarchy), model rejection may improve the model. Both the quadratic 
and linear effect of temperature and pH are significant. The effect of pH 
is more significant than temperature. These data analysis also validate 
the inference that can be drawn from 3-D contour plots as shown in 
Figure 1 which represents the effect of pH and temperature on ethanol 
production. The “Predicted R-Squared” of 0.9681 is in reasonable 
agreement with the “Adjusted R-Squared” 0.9923 (Table 5).”Adequate 
Precision” measures the signal to noise ratio. A ratio greater than 4 is 
desirable. The ratio of 43.110 indicates an adequate signal (Table 5). 
This model can be used to navigate the design space.

Source Sum of Squares df Mean Square F Value P Value Prob<F
Model 2707.84 5 541.57 310.89 <0.0001 significant.
A-pH 493.24 1 493.24 283.15 <0.0001

B-temp 12.93 1 12.93 7.42 0.0296
AB 1.32 1 1.32 0.76 0.4125
A2 1320.00 1 1320.00 757.76 <0.0001
B2 1166.63 1 1166.63 669.71 <0.0001

Residual 12.19 7 1.74

Lack of Fit 12.19 3 4.06

Pure Error 0.000 4 0.000

Core Total 2720.03 12

Table 4: Analysis of variance of quadratic model 1 (Partial sum of squares type III).

Std. Dev. 1.32 R-Squared 0.9955
Mean 59.95 Adj R-Squared 0.9923
C.V. % 2.20 Pred R-Squared 0.9681
PRESS 86.71 Adeq Precision 43.110

Table 5: Standard deviation and correlation coefficients.
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