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ABSTRACT 

Corn stover from the yellow variety of sweet corn (Zea saccharata) contains 36.23% of cellulose, which can be 

readily converted into bioethanol by a process of separate hydrolysis and fermentation (SHF). The production 

process of bioethanol from the corn stover entails dilute alkaline pre-treatment, dilute acid hydrolysis and 

fermentation using Saccharomyces cerevisiae (Yeast). The independent variables of the production process of 

bioethanol from corn stover using Saccharomyces cerevisiae were optimized by the response surface 

methodology (RSM). The Box Behnken design (BBD) was used in the experimental design in order to 

investigate the effects of the independent variables level in the bioethanol production process. The independent 

variables whose effects were investigated were sulphuric acid concentration (%), hydrolysis time (hrs), 

fermentation time (hrs), S. cerevisiae yeast concentration (g/L), fermentation temperature (
o
C) and pH of 

hydrolysate. A second order polynomial empirical model was developed using the response surface 

methodology (RSM) with these variables as factors and bioethanol yield as response. The model was found to 

be a good fit (R
2
 = 0.765), implying that all tested factors except hydrolysis time had pronounced effect on the 

yield of bioethanol.   
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1. INTRODUCTION 

Recently, the excessive consumption and depletion of petroleum oil has resulted in an increased demand for 

alternative renewable sources of fuels such as bioethanol. Bioethanol is a product of the hydrolysis and 

fermentation of cellulosic materials. A major source of these cellulosic materials is corn starch. Bioethanol 

available today in the market, is produced from starch materials, however, the quantity produced is usually 

insufficient to meet the current market demand for ethanol fuel [1]. Alternatively, bioethanol can also be 

produced from lignocellulosic materials, which has its cellulosic components encapsulated by layers of lignin 

and hemicelluloses respectively. 

Lignocellulosic materials are cheap, renewable resources available in large quantities, from a wide variety of 

materials; mostly agricultural wastes, such as corn stovers [2]. Pretreatment procedures are essential for 

removal of the hemicelluloses and lignin, for reducing cellulose molecular structure and for increasing the 

porosity of the materials [1]. Alkaline pre-treated and acid hydrolysed biomass can be efficiently fermented to 

produce bioethanol. Several researchers have reported the pre-treatment processes (both alkaline and acid) 

using cheaply available agricultural substrates such as sugarcane bagasse [1], citrus peel waste [3], rice straw 

[4], corn stover [5] and empty fruit bunches [6] for bioethanol production. The hydrolysis of cellulose is a 
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function of the porosity of lignocellulosic biomass and as such, dilute acid is used to improve the porosity of the 

material. The dilute acid hydrolysis process, which is described as one of the most effective way of solubilizing 

hemicelluloses, results in an aqueous phase (hydrolysate) containing mostly xylose and glucose [7, 8]. 

Microbial fermentation of the hydrolysate, using Saccharomyces cerevisiae, is an essential aspect of the 

production of bioethanol from cellulosic materials through the process of separate hydrolysis and fermentation 

(SHF). The yeast species, Saccharomyces cerevisiae converts carbohydrates, by a process known as 

fermentation  to carbon dioxide and alcohols which have been used for decades for baking and in the 

production of alcoholic beverages respectively [9]. In this study, Response Surface Methodology (RSM) was 

employed in conjunction with Box-Behnken Design of experiment to determine the effects of some process 

parameters on bioethanol yield from corn stover. Response Surface Methodology is a statistical technique for 

the modelling and optimization of multiple variables which determines optimum process conditions by 

combining experimental designs with interpolation by first or second-order polynomial equations in a 

sequential testing procedure [10]. This methodology has been applied successfully by Susana et al. [11], for the 

optimization of enzymatic hydrolysis of several substrates including cellulose. In the present study, the 

Response Surface Methodology (RSM) and Box-Behnken Design of experiment is used to determine the effects 

of six (6) independent variables on bioethanol yield from a lignocellulosic material. This is an improvement on 

the maximum of four (4) variables used by previous workers. By means of the Box-Behnken experimental 

design, a mathematical correlation between the six (6) independent variables was developed and their 

interactive effects on bioethanol production from corn stover determined. 

 

2. MATERIALS AND METHODS 
2.1 Corn stover preparation   

Fresh corn stover from a yellow variety of sweet corn was collected from a farm in Udu L.G.A of Delta State, 

Nigeria. The corn stover was cleaned, chopped and oven-dried at 60 °C for 48hrs to a moisture content of 10 % 

dry basis. It was then milled and sieved to produce a uniform particle size between 0.180 – 0.250mm and stored 

in a sealed plastic jar at room temperature. The composition of the sieved corn stover was then analyzed using 

the TAPPI (Technical Association of Pulp and Paper Industry) method. 

2.2 Dilute-alkaline pre-treatment of corn stover 

The milled corn stover was pre-treated with dilute sodium hydroxide (2% w/w NaOH) by adding 98g of corn 

stover in 800ml of distilled water containing 2g of NaOH; which amounts to a solid to liquid weight ratio of 

1:8. The mixture was autoclaved at 121
o
C for 25 min, allowed to cool to room temperature and filtered to 

separate the solid residue from the liquid. The solid residue was thoroughly washed with distilled water to 

remove the residual alkaline until neutral pH was attained, then oven dried at 65
o
C and stored in a sealed plastic 

jar at room temperature. 

2.3 Dilute-acid hydrolysis 
The alkaline pre-treated  corn stover  was hydrolyzed  with  dilute  sulphuric  acid (H2SO4)  at different 

concentrations of H2SO4 (i.e. 1, 2  and  4  % H2SO4 in distilled water (v/v) respectively).  After hydrolysis, the 

liquid fraction, which is the hydrolysate sample was filtered and adjusted to a pH value of 5 by adding 

controlled amounts of concentrated sulphuric acid and 2N Sodium hydroxide, and stored in flasks. The flasks  

containing  the hydrolysate samples  were covered  with  cotton  wool wrapped  with aluminium  foil and then 

autoclaved  for  15  minutes at 121  °C  and allowed  to  cool at room temperature. 

 

2.4 Fermentation of Hydrolysate 

Fermentation of the hydrolysate samples at various pH (5, 6.5, 8), were carried out in an air-tight 250 ml 

Erlenmeyer flask using varying concentrations of S.  cerevisiae (3 g/l, 6 g/l and 9 g/l) at incubation 

temperatures of 30 °C [12]. The fermentation time was also varied with each inoculation at 12, 24, and 48 hours 

respectively. 20ml each of the fermented samples were withdrawn at the various time intervals for bioethanol 

content determination.  
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2.5 Analytical Methods 

All fermented samples were analyzed for bioethanol concentration by Gas chromatograph (GC 600) equipped 

with flame ionization detector (FID). A fused silica capillary  column  (30 - 32mm)  coated  with  95%  

methylpolysiloxane (stationary  phase)  was fitted  to  the instrument to provide for column injection. The 

injector and detector temperature were maintained at 210 and 250°C, respectively.  The oven initial temperature 

was set at 50 °C, with a hold-up time of one minute and at a heating rate of 30 °C to 155
o
C per minute. 

Isopropanol was used as internal standard while nitrogen at a flow rate of 1 kg/cm 
2
 /min was used as carrier 

gas [13]. 

2.6 Experimental design 

Experimental design was done using a three (3) level factorial Box-Behnken Design (BBD) in order to identify 

optimum parameter levels for bioethanol production process from corn stover [14, 15]. Sulphuric acid 

concentration, A (X1, %), hydrolysis time, B (X2, hr), fermentation time, C (X3, hr), concentration of yeast, D ( 

X4, g/l),  fermentation temperature, E (X5, 
o
C) and  pH of hydrolysate, F (X6) were chosen as the independent 

variables, while the dependent output variable was bioethanol concentration, (Y, mg/l), in the fermented 

hydrolysate; these are as shown in Tables 1 and 2. 

For statistical calculations, the variables X1, X2, and X3 were coded as x1, x2, and x3 according to the equation 

below [16]: 

 

i

ii

i
x

xx
x




  , i =1, 2, 3,.....n        (1)  

Where xi is a dimensionless value of the independent variable, xi is the mean value of the independent variable 

at the centre point and ∆xi is the step change. To optimize the parameters, a total of 54 experiments were 

performed as shown in Table 2. The coefficient of the polynomial model was calculated using Equation (2) and 

the linear regression features of Design Expert software (7.0.0): 

 

Y = b0 + b1 X1 + b2 X2 + b3 X3 + b4 X4 + b5 X5 + b6 X6 + b11X1
2
+ b22 X2

2
+ b33 X3

2
 + b44X4

2 

+ b55 X5
2
+ b66 X6

2
 + b12 X1 X2 + b13 X1 X3 + b14 X1 X4 + b15 X1 X5 + b16 X1 X6 + b23 X2 X3  

+ b24 X2 X4 + b25 X2 X5 + b26 X2 X6 + b34 X3 X4 + b35 X3 X5 + b36 X3 X6 + b45 X4 X5 + b46 X4 X6  

+ b56 X5 X6            (2) 

 

where: Y is the predicted response or bioethanol concentration (mg/l); X1, X2,......, X6 subsequently represented by 

A, B, ...., F respectively, are the independent variables; b0 is the offset term; b1, b2, ....., b6 are the linear effects; 

b11, b22, ....., b66 are the square effects; and b12, b13,...., b56 are the cross effects of the interaction terms. 

 

 

Table 1. Box-Behnken design matrix employed for the six independent variables showing actual values in 

relation to coded values 

 

S/N Independent Variable Symbol Range and Levels 

-1 0 +1 

I Sulphuric Acid Concentration (%) A 1.00 2.50 4.00 

Ii Hydrolysis Time (Hrs) B 2.00 4.00 6.00 

Iii Fermentation Time (Hrs) C 12.00 30.00 48.00 

Iv Concentration of Yeast (g/L) D 3.00 6.00 9.00 

V Fermentation Temperature (
o
C )  E 30.00 35.00 40.00 

Vi pH of Hydrolysate  F 5.00 6.50 8.00 
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Table 2. Box-Behnken design of experiment for the bioethanol production process. 
 

Run Order Coded Values of Variables 

A B C D E F 

1 0 0 0 0 0 0 

2 +1 0 +1 0 0 -1 

3 +1 0 -1 0 0 +1 

4 0 0 -1 +1 0 +1 

5 -1 +1 0 +1 0 0 

6 0 +1 -1 0 +1 0 

7 -1 -1 0 +1 0 0 

8 +1 0 0 +1 +1 0 

9 0 0 0 0 0 0 

10 0 +1 0 0 +1 -1 

11 0 -1 0 0 +1 -1 

12 0 -1 0 0 -1 +1 

13 +1 0 +1 0 0 +1 

14 -1 0 0 -1 +1 0 

15 0 0 +1 -1 0 -1 

16 0 0 +1 +1 0 +1 

17 0 0 0 0 0 0 

18 0 0 +1 -1 0 +1 

19 0 +1 -1 0 -1 0 

20 -! 0 -1 0 0 -1 

21 +1 -1 0 -1 0 0 

22 +1 0 0 -1 -1 0 

23 0 -1 0 0 +1 +1 

24 0 -1 +1 0 -1 0 

25 -1 0 +1 0 0 -1 

26 0 0 +1 +1 0 -1 

27 0 0 0 0 0 0 

28 0 -1 -1 0 +1 0 

29 +1 +1 0 -1 0 0 

30 +1 -1 0 +1 0 0 

31 0 0 -1 +1 0 -1 

32 -1 0 0 +1 +1 0 

33 -1 0 0 -1 -1 0 

34 -1 0 -1 0 0 +1 

35 0 0 -1 -1 0 +1 

36 0 -1 +1 0 +1 0 

37 0 0 0 0 0 0 

38 -1 -1 0 -1 0 0 

39 -1 0 +1 0 0 +1 

40 +1 0 -1 0 0 -1 

41 0 +1 0 0 +1 +1 

42 0 +1 +1 0 -1 0 

43 +1 +1 0 +1 0 0 

44 -1 +1 0 -1 0 0 

45 +1 0 0 -1 +1 0 

46 +1 0 0 +1 -1 0 

47 0 -1 0 0 -1 -1 

48 -1 0 0 +1 -1 0 

International Journal of Emerging Trends in Engineering and Development                Issue 6, Vol. 6 (November 2016) 

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                           ISSN 2249-6149_________________________

IJE
TED

_________________________
©2016 RS Publication, rspublicationhouse@gmail.com                                                                                    Page 323



 
 

49 0 -1 -1 0 -1 0 

50 0 +1 0 0 -1 +1 

51 0 +1 0 0 -1 -1 

52 0 0 -1 -1 0 -1 

53 0 0 0 0 0 0 

54 0 +1 +1 0 +1 0  

3. RESULTS AND DISCUSSIONS 
 

3.1. Components of corn stover. 

The compositional analysis of the corn stover from the yellow variety of sweet corn gave its percentage 

components on a dry basis as 36.23 % cellulose, 18.69 % lignin, 4.95 % protein, 4.42 % ash, 6.6 % moisture 

[17]. Thus, 36.23 % of the corn stover is made up of cellulose which can be hydrolyzed and fermented into 

bioethanol; an indication that corn stover from the yellow variety of sweet corn is an ideal feedstock for the 

bioethanol production process. 

 

3.2. Response surface analysis of bioethanol production process from corn stover 

The factors with the main interactive actions that affect the yield of bioethanol production from corn stover are 

sulphuric acid concentration, hydrolysis time, fermentation time, yeast concentration, fermentation temperature, 

and pH of hydrolysate [18].  The experimental bioethanol yields (mg/l) resulting from the BBD of experiment 

are shown in Table 3. Based on these results an empirical model, which is a second order polynomial was 

developed applying the linear regression feature of the Design Expert given in Equation (3) in line with the 

method of Kocabaş [14]. 

  

Bioethanol yield, Y (mg/L) = 552.60398 - 0.31052*A + 30.95642*B - 0.24796*C - 0.45356*D 

 - 32.31703*E + 3.87830*F + 1.51625*A*B + 0.17611*A*C - 0.52667*A*D - 0.36650*A*E  

- 5.76556*A*F + 0.19990*B*C + 0.65479*B*D - 0.47694*B*E - 2.14083*B*F - 0.26625*C*D  - 5.09722E-

003*C*E - 4.67593E-003*C*F + 0.82208*D*E - 1.30000*D*F + 1.19600*E*F 

 + 5.38883*A2 - 1.72941*B2 + 0.015355*C2 - 1.06696*D2 + 0.32959*E2 - 0.64617*F2         ( 3) 

 

This empirical model, based on Table 4, is a second order response surface model for six independent variables 

which can be used to generate response surfaces and contour plots that indicate the combined effects of the 

factors or independent variables on the bioethanol yield (mg/l).  

The predicted values of bioethanol yield (mg/l) were therefore, derived from Eq. (3). The predicted and 

experimental values of bioethanol yield are given in Table 3. There was parity between the predicted and 

experimental values of bioethanol yields as indicated in Figure 1.  

 

To test the fit of the BBD model, the regression equation and determination coefficient (R
2
) were computed by 

the Design Expert. The results are shown in Table 5 and Table 6. The value R
2
 = 0.7651, implied that it was a 

good fit and that 76.51% of the variation could be explained by the model. 

 

From the result of analysis of variance presented in Table 4, it was observed that the F-value of the model is 

3.14 which implies that the model is significant and the P-value of the model is 0.0023 which means that the 

probability of this  F-value occurring due to noise (i.e. uncontrollable factors) is only 0.23%. 

A model reduction is considered in order to improve the quadratic model and this was done on the basis that 

any model term with P–value less than 0.05 is a significant model term, while model terms with P–value 

greater than 0.1000 are not significant model terms [1]. Hence, the model terms in Table 4 that are significant 

are A, F, AF, CD, A2. Thus the quadratic model is to be reduced to only these terms; Equation (4): 

Bioethanol yield (mg/L), Y = 552.60398 - 0.31052*A + 3.87830*F - 5.76556*A*F- 0.26625*C*D  

+ 5.38883*A2              (4) 
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In line with the findings of Tesfaw and Assefa [19], the factors that had the greatest influence on the bioethanol 

yield were sulphuric acid concentration, fermentation time, concentration of yeast and the pH of hydrolysate. 

3.3. Optimization of Process Parameters 

Optimization of the bioprocess parameters for optimum bioethanol yield was obtained through the numerical 

optimization feature of the Design Expert software. The optimum value of bioethanol yield was 149.412 mg/L 

at conditions of 1.08%, 3.32hrs, 14.32hrs, 6.43g/l, 39.34 
o
C and 7.64 for H2SO4 Concentration, Hydrolysis 

Time, Fermentation Time, Enzyme Concentration, Fermentation Temperature and pH respectively. 

3.4. Validation of Model. 

To confirm the validity of the model, a triplicate confirmation experiment was performed at the specified 

optimum process conditions (1.08%, 3.32hrs, 14.32hrs, 6.43g/l, 39.34
o
C and 7.64 for H2SO4 Concentration, 

Hydrolysis Time, Fermentation Time, Concentration of Yeast, Fermentation Temperature and pH respectively). 

The average result of all three experiments gave an experimental bioethanol yield of 143.15mg/l; as shown in 

Table 7. This result compared closely with the predicted optimum bioethanol yield of 149.412mg/l, indicating a 

good fit of the model. 
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Table 3.  Experimental and predicted yields by RSM for bioethanol production process. 

Run No. Coded Variables Experimental  Predicted Std 

A B C D E F Bioethanol Yield 

(mg/l) 

Bioethanol Yield 

(mg/l) 

 

1 0 0 0 0 0 0 58.14 69.30 51 

2 +

1 

0 +1 0 0 -1 52.77 71.87 44 

3 +

1 

0 -1 0 0 +

1 

53.28 51.83 46 

4 0 0 -1 +

1 

0 +

1 

87.44 80.72 23 

5 -1 +1 0 +

1 

0 0 63.89 91.47 7 

6 0 +1 -1 0 +1 0 65.74 65.04 14 

7 -1 -1 0 +

1 

0 0 86.19 91.80 5 

8 +

1 

0 0 +

1 

+1 0 54.52 67.61 32 

9 0 0 0 0 0 0 66.89 69.30 52 

10 0 +1 0 0 +1 -1 81.88 55.10 36 

11 0 -1 0 0 +1 -1 53.36 50.87 35 

12 0 -1 0 0 -1 +

1 

37.48 68.60 37 

13 +

1 

0 +1 0 0 +

1 

87.21 64.93 48 

14 -1 0 0 -1 +1 0 88.32 92.61 29 

15 0 0 +1 -1 0 -1 69.56 63.02 18 

16 0 0 +1 +

1 

0 +

1 

39.34 55.56 24 

17 0 0 0 0 0 0 67.33 69.30 49 

18 0 0 +1 -1 0 +

1 

86.64 93.73 22 

19 0 +1 -1 0 -1 0 72.86 68.82 10 

20 -! 0 -1 0 0 -1 79.25 88.27 41 

21 +

1 

-1 0 -1 0 0 61.26 41.83 2 

22 +

1 

0 0 -1 -1 0 68.29 70.72 26 

23 0 -1 0 0 +1 +

1 

109.23 100.92 39 

24 0 -1 +1 0 -1 0 66.77 63.13 11 

25 -1 0 +1 0 0 -1 68.14 82.86 43 

26 0 0 +1 +

1 

0 -1 57.33 48.25 20 

27 0 0 0 0 0 0 88.76 69.30 50 

28 0 -1 -1 0 +1 0 88.68 88.06 13 

29 +

1 

+1 0 -1 0 0 41.44 43.98 4 

30 +

1 

-1 0 +

1 

0 0 39.88 31.52 6 

31 0 0 -1 +

1 

0 -1 66.73 72.90 19 

32 -1 0 0 +

1 

+1 0 134.88 124.29 31 

33 -1 0 0 -1 -1 0 111.87 106.93 25 

34 -1 0 -1 0 0 +

1 

139.56 133.73 45 

35 0 0 -1 -1 0 +

1 

65.56 61.38 21 

36 0 -1 +1 0 +1 0 68.22 76.59 15 

37 0 0 0 0 0 0 67.33 69.30 53 

38 -1 -1 0 -1 0 0 87.93 92.63 1 

39 -1 0 +1 0 0 +

1 

147.64 127.81 47 

40 +

1 

0 -1 0 0 -1 51.69 58.26 42 

41 0 +1 0 0 +1 +

1 

63.42 79.45 40 

42 0 +1 +1 0 -1 0 83.02 87.98 12 

43 +

1 

+1 0 +

1 

0 0 62.24 49.39 8 

44 -1 +1 0 -1 0 0 76.38 76.59 3 

45 +

1 

0 0 -1 +1 0 28.62 45.40 30 

46 +

1 

0 0 +

1 

-1 0 39.74 43.61 28 

47 0 -1 0 0 -1 -1 66.13 54.43 33 

48 -1 0 0 +

1 

-1 0 114.23 89.29 27 
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Figure 1. Parity plot showing the experimental vs. predicted values of bioethanol yield. 
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Table 4. Coefficients estimates, F-value and significance probability of the model for Eq. (2). 

 

Source Coefficient 

Estimate 

Sum of 

Squares 

DF Mean 

Square 

F-value P-value 
(Prob. >F) 

 

Model 69.30 25373.11 27 939.74 3.14 0.0023 Significant 

A-H2SO4 23.22 12942.83 1 12942.83 43.20 < 0.0001  

B-Hydrolysis Time 0.46 5.04 1 5.04 0.017 0.8978  

C-Ferm. Time 1.92 88.82 1 88.82 0.30 0.5907  

D-Conc. of Yeast 1.14 31.33 1 31.33 0.10 0.7490  

E-Ferm. Temp 2.42 140.65 1 140.65 0.47 0.4993  

F-pH  9.63 2226.07 1 2226.07 7.43 0.0113  

AB 4.55 165.53 1 165.53 0.55 0.4639  

AC 4.76 180.88 1 180.88 0.60 0.4441  

AD -2.37 89.87 1 89.87 0.30 0.5886  

AE -2.75 60.45 1 60.45 0.20 0.6570  

AF -12.97 1346.29 1 1346.29 4.49 0.0437  

BC 7.20 414.29 1 414.29 1.38 0.2503  

BD 3.93 123.48 1 123.48 0.41 0.5265  

BE -4.77 363.95 1 363.95 1.21 0.2805  

BF -6.42 329.99 1 329.99 1.10 0.3036  

CD -14.38 1653.70 1 1653.70 5.52 0.0267  

CE -0.46 1.68 1 1.68 5.620E-03 0.9408  

CF -0.13 0.26 1 0.26 8.513E-04 0.9769  

DE 12.33 1216.48 1 1216.48 4.06 0.0543  

DF -5.85 273.78 1 273.78 0.91 0.3479  

EF 8.97 643.69 1 643.69 2.15 0.1547  

A
2
 12.12 1512.13 1 1512.13 5.05 0.0334  

B
2
 -6.92 492.21 1 492.21 1.64 0.2112  

C
2
 4.97 254.56 1 254.56 0.85 0.3651  

D 
2
 -9.60 948.45 1 948.45 3.17 0.0869  

E 
2
 8.24 698.35 1 698.35 2.33 0.1389  

F 
2
 -1.45 21.74 1 21.74 0.073 0.7897  

Residual  7788.91 26 299.57    

Lack of Fit  7268.22 21 346.11 3.32 0.0932 Not Significant 

Pure Error  520.69 5 104.14    

Cor Total  33162.02 53     
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Table 5. Adeq Precision and various R– Squared values for quadratic model. 

R-Squared Adj R-Squared Pred R-Squared Adeq Precision 

0.7651 0.5212 -0.1677 8.309 
 

Table 6. ANOVA for the full quadratic model. 

Source of 

variation 

Sum of 

squares (SS) 

% Sum of 

squares (SS) 

Mean squares 

(MS) 

F-value P- value (Prob > F) 

Regression 25373.11 76.51 939.74 3.14 0.0023 

Residual 7788.91 23.49 - - - 

Total 33162.02 100 - - - 
 

Table 7. Model Validation Result 

 

 

 

 

 

 

 

 

3.5. Interaction Effects of Factors 

 

The interactive effects on bioethanol yield of H2SO4 concentration versus other factors such as  hydrolysis time, 

fermentation time, concentration of yeast, fermentation temperature and pH of hydrolysate are shown in Fig. 2 - 

6 respectively. In the five respective response and contour plots, maximum bioethanol was attainable with a 

decreasing H2SO4 concentration, in the range of 1.50 - 1.00%.  

 

The interactive effects on bioethanol yield of hydrolysis time versus other factors such as fermentation time, 

concentration of yeast, fermentation temperature and pH of hydrolysate are shown in Fig. 7 - 10 respectively. In 

the four respective response and contour plots, maximum bioethanol was attainable with an increasing 

hydrolysis time, in the range of 3 - 6hrs. 

 

The interactive effects on bioethanol yield of fermentation time versus other factors such as  concentration of 

yeast, fermentation temperature and pH of hydrolysate are shown in Fig. 11 - 13 respectively. In the three 

respective response and contour plots, maximum bioethanol was attainable with an increasing fermentation 

time, in the range of 12 - 30hrs. 

 

The interactive effects on bioethanol yield of concentration of yeast versus other factors such as fermentation 

temperature and pH of hydrolysate are shown in Fig. 14 - 15 respectively. In the two respective response and 

contour plots, maximum bioethanol was attainable with an increasing concentration of yeast, in the range of 4.5 

- 7.5g/l. 

 

Finally, the interactive effects on bioethanol yield of fermentation temperature versus pH of hydrolysate is 

shown in Fig. 16. From the response and contour plots, a maximum bioethanol yield was attainable with an 

increasing  fermentation temperature and pH of hydrolysate in the ranges of 35 – 40
o
C and 6.0 – 8.0 

respectively. 

 

Summarily, the role and influence of the factors using BBD shows that a maximum bioethanol yield of 149.412 

mg/L is attainable within the following ranges of the operating conditions; H2SO4 concentration (1.50 - 1.00%), 

hydrolysis time (3 - 6 hrs), fermentation time (12 - 30hrs), concentration of yeast (4.5 - 7.5g/l), fermentation 

A 

(%) 

B 

(Hrs) 

C 

(Hrs) 

D 

(g/l) 

E 

(
o
C) 

F Predicted 

Optimum 

Bioethanol 

yield (mg/l) 

Experimental 

Bioethanol Yield (mg/L) 

1
st
 2

nd
 3

rd
 Average 

1.08 3.32 14.32 6.43 39.34 7.64 149.412 148.12 133.34 147.99 143.15 
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temperature (35 – 40
o
C) and pH of hydrolysate (6.0 – 8.0).  These indicate that the model, Equation 3, could be 

useful in attaining an optimum bioethanol yield. 

   

 

 

 

 

 

     (a)  (b) 

Figure 2. Response surface and contour plots of hydrolysis time and H2SO4 concentration versus bioethanol 

yield for fermentation time, concentration of yeast, fermentation temperature and pH   

of 30.00hrs, 6.00g/l, 35.00 
o
C and 6.50 respectively. 

 

 

 

 

 

 

 

 

 

 

 

     (a)  (b) 

Figure 3. Response surface and contour plots of fermentation time and H2SO4 concentration versus bioethanol 

yield for hydrolysis time , concentration of yeast, fermentation temperature and pH of 4.00hrs, 6.00g/l, 35.00 
o
C 

and 6.50 respectively. 

 
 

 

 

 

 

 

 

 

 

 

 

            (a)  (b) 

Figure 4. Response surface and contour plots of concentration of yeast and H2SO4 concentration versus 

bioethanol yield for hydrolysis time , fermentation time, fermentation temperature and pH of 4.00hrs, 30.00hrs, 

35.00 
o
C and 6.50 respectively. 
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          (a)      (b) 

Figure 5. Response surface and contour plots of fermentation temperature and H2SO4 concentration versus 

bioethanol yield for hydrolysis time, fermentation time, concentration of yeast and pH of 4.00hrs, 30.00hrs, 

6.00g/l and 6.50 respectively 

 

 

 

 

 

 

 

 

 

 

 

 

         (a)  (b) 

Figure 6. Response surface plot and contour plots of pH of hydrolysate and H2SO4 concentration versus 

bioethanol yield for hydrolysis time , fermentation time, concentration of yeast and fermentation temperature of 

4.00hrs, 30.00hrs, 6.00g/l and 35.00 
o
C respectively.  

 

 

     (a)  (b) 

Figure 7. Response surface and contour plots of fermentation time and hydrolysis time versus bioethanol yield 

for H2SO4 concentration, concentration of yeast, fermentation temperature and pH of 2.50%, 6.00g/l, 35.00 
o
C 

and 6.50 respectively 
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     (a)  (b) 

Figure 8. Response surface and contour plots of concentration of yeast and hydrolysis time versus bioethanol 

yield for H2SO4 concentration, fermentation time, fermentation temperature and pH of 2.50%, 30.00hrs, 35.00 
o
C and 6.50 respectively. 

 

 

(a)       (b) 

Figure 9. Response surface and contour plots of fermentation time and hydrolysis time versus bioethanol yield 

for H2SO4 concentration, fermentation time, concentration of yeast and pH of 2.50%, 30.00hrs, 6.00g/l and 6.50 

respectively. 

 

 

.     (a)        (b) 

Figure 10. Response surface and contour plots of pH and hydrolysis time versus bioethanol yield for H2SO4 

concentration, fermentation time, concentration of yeast and fermentation temperature of 2.50%, 30.00hrs, 

6.00g/l and 35.00 
o
C respectively. 
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                (a)  (b) 

Figure 11. Response surface and contour plots of concentration of yeast and fermentation time versus 

bioethanol yield for H2SO4 concentration, hydrolysis time, fermentation temperature and pH of 2.50%, 4.00hrs, 

35.00 
o
C and 6.50 respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                (a)  (b) 

Figure 12. Response surface and contour plots of fermentation temperature and fermentation time versus 

bioethanol yield for H2SO4 concentration, hydrolysis time, concentration of yeast   

and pH of 2.50%, 4.00hrs, 6.00g/l and 6.50 respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

     (a)  (b) 

Figure 13. Response surface and contour plots of pH of hydrolysate and fermentation time versus bioethanol 

yield for H2SO4 concentration, hydrolysis time, concentration of yeast and fermentation temperature  of 

2.50%, 4.00hrs, 6.00g/l and 35.00 
o
C respectively. 
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                  (a)  (b) 

 

 

 

 

 

 

 

 

 

                 (a)  (b) 

Figure 14. Response surface and contour plots of fermentation temperature and concentration of yeast versus 

bioethanol yield for H2SO4 concentration, hydrolysis time, fermentation time and pH of 2.50%, 4.00hrs, 

30.00hrs and 6.50 respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          (a)  (b) 

Figure 15. Response surface and contour plots of pH and concentration of yeast versus bioethanol yield for 

H2SO4 concentration, hydrolysis time, fermentation time and fermentation temperature of 2.50%, 4.00hrs, 

30.00hrs and 35.00 
o
C respectively. 

 

 

 

 

         (a)  (b) 

 

 

 

 

 

 

 

 

 

        (a)  (b) 

Figure 16. Response surface and contour plots of pH and fermentation temperature versus bioethanol yield for 

H2SO4 concentration, hydrolysis time, fermentation time and concentration of yeast of 2.50%, 4.00hrs, 30.00hrs 

and 6.00g/l respectively. 
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4. CONCLUSIONS 

The development of an empirical model is a crucial step in the process of bioethanol production from corn 

stover. The present research work using BBD and RSM resulted in a second order polynomial model for 

describing the bioethanol yield from a dilute-alkaline pre-treated corn stover. The determination coefficient, R
2
 

of 0.7651 indicates that the model was a good fit of the experimental values and predicted values of the 

bioethanol yield. The result of this study also shows that sulphuric acid concentration, fermentation time, 

concentration of yeast and pH of hydrolysate are the factors that mostly influenced the bioethanol yield from 

corn stover through a process of SHF. This knowledge of the factors that need to be controlled in the 

bioprocess, will save time and cost of production. 
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