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Abstract 
 Ethanol production is being done from many sugar and starch crops, out of which maize plant seems to be 
commonly used. Parts of the maize plant like its stalk, cobs, kernelsetc have been put to use for the extraction of 
ethanol. The cellulosic portions of the plant requires essential pretreatment methods in order to efficiently convert 
the biomass into ethanol. Drymilling is commonly preferred to wet milling for reasons like high efficiency and low 
operating costs. Physical and chemical treatments are adopted in cases where enzymes are not chosen. Fermentation 
could be carried out in many types of reactors like batch, fedbatch, fluidized bed reactors etc. But there are several 
problems associated with the pretreatment and fermentation methods. The aim is to overcome such issues and to 
provide the conditions essential for a better yield.This paper reviews about a few original research work carried out 
in optimizing various parameters influencing the effective production of ethanol.The co culture of organisms like 
Aspergillus niger and Saccharomyces Cerevisiae were used in the Simultaneous Saccharification and Fermentation. 
 
Keywords: Ethanol, maize, pretreatment, Simultaneous Saccharification and Fermentation(SSF).   

I. Introduction
The interest in biotechnology-based production 

of fuels tends to augment with the concern about 
exhaustion of fossil fuels and the increase in their price 
[5]. The use of  petrol blended with20–24% ethanol is a 
standard practice in Brazil. Therefore, it is highly 
desirable for a country like India to use ethanol–petrol 
blend as transportation fuel to save valuable foreign 
exchange in importing crude oil as well as in reducing 
the environmental pollution caused by the vehicular 
emission. The most critical element for the success of 
bioethanol technology is the availability of celluloses at a 
nominal cost. Major R&D effort is required to produce 
cellulase with high yield and productivity [6,7]. 
Alternatively, thermo-tolerant high activity liquefying 
and saccharifyingenzymes (a-amylase and glucoamylase) 
would be required for the development of cost-effective 
starch-based ethanol production in India [8,9]. For the 
last two decades, ethanol production by the yeast 
Sacchoromycescerevisiaehas been studied extensively 
[10]. S.cerevisiaeis capable ofmetabolizing few types of 
sugar such as glucose, fructose and sucrose [11,12]. Corn 
starch, an agricultural product, is a cheap substrate that is 
easily available in tropical countries like India. 
Lignocelllosic biomass can be utilized to produce 
ethanol, a promising alternative energy for the limited 
crude oil.The hydrolysis of cellulose is usually catalysed 
by cellulase enzymes. During the enzymatic hydrolysis, 
cellulose is degraded by the cellulase to reducing sugars 
that can be fermented by yeast or bacteria to ethanol [13] 
the optimization of cellulose enzymes and enzymes 

loading can also improve the hydrolysis. The contents of 
cellulose, hemicellulose and lignin in corn cob are 45%, 
35% and 15% respectively. 

A corn variety containing more than 19% oil in 
the kernel was found in North Korea by researchers from 
the University of Minnesota.The breeding research and 
development programs at the University of Minnesota 
produced six new varieties from the initial Korean high 
oil (KHO) corn seeds over the years. These new varieties 
contain 4–21% of oil. The high oil content of these corn 
seeds will enable them to compete with soybean (15–
20% oil content)[14] as a major biodiesel feedstock [15] 
Combined with the ethanol production, the Korea high 
oil corn will become an excellent energy crop. In KHO 
corn seeds, the germ contains almost 80% of total oil or 
lipid while starch is mainly conserved in endosperm [16], 
it is likely that the most efficient way is to produce 
ethanol  from endosperm and to produce biodiesel from 
germ. In the conventional processing of normal corn for 
energy, corn seeds are first fermented to produce ethanol 
and a byproduct named as distillers dried grains with 
soluble (DDGS). The DDGS is used as animal feed or 
extracted for oil [17] which is then converted to biodiesel 
through the transesterification. 
Ethanol Conversion Process  

In order to convert any kind of biomass into 
ethanol, several processes must occur. The biomass must 
be broken down into simple glucose chains. Cellulosic 
biomass undergoes the following processes [18]. 
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1. Pretreatment to break the rigid structure of the 
lignocellulose in order to access the lignin, hemicellulose 
and cellulose molecules inside the lignocellulose  
2. Hydrolysis to break down the cellulose and 
hemicellulose into glucose chains  
3. Microbial fermentation via yeast or bacteria to 
produce ethanol  
4. Distillation to separate the products of fermentation  
Pretreatment 

The physical pretreatments typically involve 
some sort of process that applies an external force onto 
the rigid structure of the lignocellulose in order to break 
it down. Physical pretreatments include steam explosion, 
dry/wet milling, and hot water baths. 
Chemical pretreatments use chemical agents to degrade 
the structure of the lignocellulose. such as catalyzed 
steam explosion, solvent baths using chemicals such as 
ozone, and acid are the most common types of chemical 
pretreatment. Ultimately, the pretreatment must expose 
the lignin, cellulose and hemicellulose without forming 
any products that may inhibit hydrolysis. [19] 
Hydrolysis 

The hydrolysis process breaks down the 
cellulosic molecules exposed during pretreatment into 
glucose molecules and short chains. Hydrolysis can be 
carried out chemically via acid washes or biologically via 
enzymatic reactions. 
Acid Hydrolysis  

Acid hydrolysis occurs by exposing the 
cellulosic material to either a dilute or concentrated acid. 
The acid reacts with the cellulosic material to produce 
glucose molecules and short chains. 

Dilute acid hydrolysis occurs under high 
temperature and high pressure. The process is costly to 
run and produces a low yield of usable glucose. The 
severe physical requirements that dilute acid hydrolysis 
occurs under subsequently decomposes the glucose as it 
is produced. [20] 

Concentrated acid hydrolysis occurs at low 
temperatures and atmospheric pressure. The process is 
more efficient than its counter-part and has a high 
glucose yield. However, the process is time consuming, 
taking up to 120 hours to complete. [21]Additionally, the 
process requires an acid recovery system because any 
excess concentrated acid would kill yeast introduced to 
the product glucose. Both processes form inhibitory 
byproducts; acetic acid and furfural are products of the 
polysaccharides breaking down into glucose. Both the 
products inhibit ethanol production by limiting yeast 
growth and causing cell death. 
Enzymatic Hydrolysis  

Enzymatic hydrolysis occurs when enzymes are 
exposed to the pretreated biomass to decompose the 
biomass into simple sugars. The enzymes typically used 

are endocellulase, exocellulase, and Beta-glucosidase. 
The enzymes digest the lignin surface yielding cellulose. 
The polysaccharide molecules are then digested by the 
Beta-glucosidase yielding the final glucose product [22] 
The reaction occurs around 50°C and at a pH of about 5.  
There exist two fundamental problems with 
Simultaneous Saccharification and Fermentation, 
1)Hydrolysis and fermentation both require specific 
temperature ranges for optimal operation. 
S.cerevisiaeferments best at temperatures around 25°C 
with a pH of between 4 and 5 [23]Any extreme of 
temperature during fermentation, either high or low, 
produces minimal concentrations of ethanol. This is 
partly because yeast does not grow well in temperatures 
much lower than 20C or much higher than 40C. The 
hydrolysis process, however, performs best at 
temperatures of about 47°C. [24] If the temperature 
drops too low, the enzymes will not digest material.  
2)The presence of the ethanol produced from the glucose 
fermentation during SSF has the possibility of inhibiting 
the fermentation reaction. 
Nutrients 

The fermentation medium that the yeast 
ferments glucose in also plays a role in the effectiveness 
of ethanol production. Yeast has a complex nutritional 
requirement to undergo optimal fermentation.  

Vitamins are necessary in enzymatic reactions. 
However, yeast is not capable of digesting many 
essential vitamins (those in which the yeast cannot create 
itself); therefore, specific type of vitamins are required 
for fermentation. These vitamins include: biotin, 
nicotinic acid, vitamin B, pantothenic acid, and vitamin 
C. Biotin is the most important of the vitamins yeast use 
in fermentation. Biotin is involved in all enzymatic 
reactions and helps create proteins, DNA, carbohydrates 
and fatty acids that comprise the makeup of yeast. [25] 
Phosphorus is a main component of DNA as well as the 
phospholipids in cell membranes. The yeast requires 
ample sources of phosphorus in order to ensure adequate 
cell replication both structurally and internally. 

The minerals required for efficient yeast 
fermentation include potassium (K), calcium (Ca), 
magnesium (Mg), and Zinc (Zn). Specifically, 
magnesium is the most important mineral that the yeast 
requires. Without magnesium present, the yeast will not 
grow. Magnesium is a critical component in ATP 
development, and without it the cells would have no 
energy. Magnesium also acts as a strengthening device, 
allowing the cell to withstand stress and chemically toxic 
situations for longer periods of time.  
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Fig1: Dry and Wet milling 

 
II. Materials And Methods 

2.1.1. Materials 
Corn flour, Zea mays L was obtained from a 

flour mill and stored in an air tight container. The 
proximal composition of flour in g/100 g of corn flour is 
found to be protein – 8.8, oils -4.4, sugars -1.7, fiber -8.5, 
ash -1.7 and starch – 74.9. 
2.1.2. Microorganisms and Culture Conditions 

S. cerevisiaeMTCC 463 procured from 
IMTECH, Chandigarh, INDIA was maintained in YMP 
agar medium with a composition of yeast extract 3.0 g/l, 
malt extract 3.0 g/l, peptone 5.0 g/l and agar 20 g/l at a 
pH of 5.5 and 28°C. 
 
2.1.3. Media composition 

The growth medium used for preparing S. 
Cerevisiaecontained in grams per 100 ml Glucose, 5; 
peptone, 0.5; yeastextract, 0.5; potassium dihydrogen 
phosphate, 0.1.Thefermentation medium used for ethanol 
production from cornflour was identical to growth 
medium except that starchconcentration of pretreated 
corn starch solution was variedfrom 5 to 20 g per 100ml 
in different experiments. The Cornflour was pretreated 
with fungal amylase to liquefy the starchpresent in it. 
The pretreated solution was filtered and thesupernatant 
was analyzed for the reducing sugarconcentration. The 
amount of starch present in the sample wasthen analyzed 
by phenol sulphuric acid method. 
2.1.4. Pretreatment 

A 25% (w/v) solution of corn flour was 
gelatinized in an autoclave at a pressure of 15 psi for one 
hour. The solution was cooled and pretreated using 
fungal α-amylase enzyme 
“Diastase” obtained from Hi media laboratories with 
enzyme activity of 1300 IU/g .The pretreatment was 
carried out in an Applikonfermentor at controlled 
conditions of pH 6 and temperature 70 °C for two hours 
using 2 g of Diastase enzyme to liquefy the starch 
present in the flour. 

2.1.5. Simultaneous Saccharification and 
Fermentation (SSF) 

Ethanol production by co-culture of mold and 
yeast was carried out using known activity of 
amyloglucosidase enzyme procured from Sigma 
Chemicals, U.S.A and 24 h-old slants of S. Cerevisiae 
simultaneously. Fifty ml of 24 h old S.cervisiaecell 
culture containing 20x106 cells were inoculated to 1000 
ml of pretreated corn flour solution of known starch 
concentration in Applikonfermentor equipped with 
controllers for pH, temperature, agitation 
speed.Fermentations were carried out at various 
controlled temperatures, pH, Enzyme Concentration and 
substrate concentration. 

Experimental design and statistical analysis was 
done using MINITAB 14. 

Cell mass and chemical analysis was carried out 
using DNS method and Bio spectrophotometer.Ethanol 
concentration in the fermented broth was determined 
using NUCON 5765 Gas Chromatography (GC). 
 
2.2.1. Preparation of Corn Cobs for Hydrolysis 

A total of 40 corn cobs weighing 70-120g each 
were dried in the sun and then pulverized with the aid of 
a hammer mill. The resultant corn powder was sieved 
with a fine- mesh sieve. 

A weight of 45g of the resultant maize cob 
powder was then suspended in 500ml distilled water in 
1000ml conical flask.The flask with its contents was then 
autoclaved at 121°C at 151b pressure for a period of 15 
minutes after which it was cooled to room temperature. 
 
2.2.2. Preparation of Growth Medium 

A. nigergrowth medium was prepared by mixing 
Dmannitol(50.0g), NaN02 (2.0g), K2HP04 
(0.35g),MgS04 .7H20 (0.25g), FeS04.7H20 (0.001g), 
ZnS04(0.00088g), CuS04. 5H20 (0.0002g), MnS04. 
4H20 (0.00012g),NaMo04. 2H20 (0.00005g), Distilled 
water (1000ml). The pHwas adjusted to 4 with H2S04 
and the whole mixture was thensterilized by autoclaving 
at 121°C at 15psi for 15minutes.Main while, 
Saccharomyces cerevisiaegrowth medium wasprepared 
using yeast – malt broth at pH 5.5 [26]. 
2.2.3. Preparation of Inocula and Fermentation 
Procedure 

A. nigerinoculum was prepared in 
250cm3cotton–plugged conical flask containing 100cm3 
of the different substrates growth media. The flasks were 
sterilized and inoculated with 0.11 (OD) A. nigerspores. 
Each of the flasks was incubated on a shaker with 
agitation rate of 300 rpm at 30°C for five days. S. 
cerevisiaeinoculum was prepared in the same way as the 
A.nigerinoculum except that yeast malt broth was used. 
The growth medium was inoculated with 0.08 (OD) 
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yeast cells and incubated for 24 hours. The fermentation 
medium used for ethanol production was identical to the 
growth medium as indicated above. Ethanol fermentation 
was carried out in 500cm3 conical flasks each containing 
300cm3 of medium. The medium was sterilized and 
inoculated with 5% (v/v) growth media containing A. 
nigerand S. Cerevisiaeand incubated on a shaker. 
2.2.4. Analytical Procedure 

Thirty cubic centimeters (30cm3) of the sample 
was collected from the flask at 24 hours interval and 
27cm3 was centrifuged at 400rpm for 30 minutes to 
remove the cells. The supernatant fluid was filtered 
through whatman filter paper No.1 and the filtrate was 
used for determining ethanol and reducing sugar 
concentration. The remaining 3cm3 was used to 
determine the cell density. 
2.2.5. Determination of Cell Density 

Three cubic centimeters (3cm3) of the sample 
was used to determine the cell density at 690nm using 
CECILCE 1020 spectrophotometer.  
2.2.6 Determination of Cell Dry Weight 

The residue (cells) obtained after centrifugation 
was filtered using whatman filter paper No.1, washed 
with distilled water to remove the residual substrates and 
dried in the hot air oven at 700°C. The filter paper was 
pre–weighed before filtering and reweighing after drying 
until a constant weighed was obtained.  
2.2.7. Qualitative and Quantitative Analysis of 
Reducing Sugar Present in the Samples 

The qualitative analysis was carried out using 
Benedict’s solution [27]while the quantitative analysis 
was carried out using 3, 5–dinitrosalicylic acid. 
Thenconcentration of the reducing sugar present in the 
samples was determined by adding 1cm3 of 3, 5 –
dinitrosalicylic acid to 1cm3 of each of the samples and 
boiled for 5 minutes and 10cm3 distilled water was 
added. The absorbance of each of sample was 
determined at 540nm using JENWAY 6400 
spectrophotometer.  
2.2.8. Qualitative and Quantitative Analysis of 
Ethanol Present in the Distillate  

The filtrates were distilled at 70°C using rotary 
evaporator.Thequalitative analysis was carried out using 
ethanolic acid.Two cubic centimeters of ethanolicacid 
was added to 1cm3of the distillate and heated in the 
water bath for 5 minutesuntil characteristics sweet smell 
of esters was perceived.Thus, concentrations of the 
distillates were extrapolatedfrom the density standard 
curve. Furthermore, the pH,refractive index, and specific 
gravity values wereextrapolated from the standard 
curves prepared from eachparameter since the 
concentrations of the distillates wereknown [27]. 
 

2.3.1. Six KHO corn varieties (LH 119 _ LH59, LH119_ 
(LH59 _ AHO-1), LH59 _ AHO-1, AHO-1_ (LH59 _ 
KHO), open-pollinated KHO,AHO-1) were provided by 
the plant pathology in University ofMinnesota.  
2.3.2. Drying 

Harvested corn kernels were oven dried by at 50 
°C and kept atroom temperature and RH (Relative 
Humidity) 15%. 
2.3.3. Milling 

A disk crusher (Model 4E, Straub, Hatboro, PA) 
was used to grind the corn kernels. For each grinding, 
10–50 g of corn kernels were added into the hopper, and 
allowed to drop to the moving disks.  
2.3.4. Separation of germs from endosperms 

Hundred grams of corn kernels were steeped in 
water containing3% of lactic acid and 10,000 ppm of 
Na2S2O3 for 3 h at room temperature (25°C) to soften the 
pericarp. The steeped corn kernelswere carefully cut with 
a blade and the germ was separatedfrom endosperm with 
a pair of tweezers. Then the proportion ofgerm and 
endosperm was weighed using a forced air oven at103°C 
for 72 h according the standard method 44-15A [28] 
2.3.5. Yeast fermentation 

The fermentation procedure was modified from 
the literatures[29]Briefly, 5 g of dried sample and 100 ml 
DIwater were added to a serum bottle. The mixture was 
gelatinizedby autoclaving at 121°C for 10 min, followed 
by liquefaction with0.04 ml a-amylase (500 units/mg) at 
pH of 6.0–6.5 (adjusted using 3N sodium hydroxide or 
3N phosphoric acid) at 85–90°C for 2 h.The liquefied 
sample was mixed with 0.04 ml glucoamylase(5000 
units/ml), adjusted to pH 4.2–4.4, and held at 55°C 
withcontinuous stirring for 12 h to facilitate 
saccharification. 

Dry yeast was activated 5 days prior to 
fermentation by cultivating3 g dry yeast on 100 ml of 
potato dextrose (PD) culture mediumat 35°C for 2 days. 
10 ml of this culture broth was transferredto a fresh PD 
culture medium and cultured at 35°C for another2 days, 
resulting in second generation yeasts.10 ml of the second 
generation yeast was added to the fermentationbottle 
containing 100 ml of the saccharified liquid whose 
pHwas adjusted to 4.5 ± 0.1 using 3N sodium hydroxide 
or 3N phosphoricacid. After filling nitrogen, sealing the 
bottleneck using aluminium cover and connecting an 
empty gas bag, the bottle was 
maintained at 35°C for 72 h.The fermentation liquor was 
centrifuged and supernatant was 
filtrated using 40 lm millipore filter for further tests. If 
the fermentationwas followed by transesterification, the 
centrifuge residuewas gathered and dried in the oven at 
105°C for 24h, and usedfor transesterification. 
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2.3.6. Processing routes 
Three processing routes differing in sequence of 

the processes were investigated for ethanol andbiodiesel 
yields and economic performance. In the first 
routedubbed M–F–T, whole corn kernels were milled 
(M), fermented(F) for ethanol, and then subjected to in 
situ transesterification(T) for biodesiel production. In the 
second route dubbed M–T–F,whole corn kernels were 
milled (M) followed by transesterification(T) and 
fermentation (F). In the third route dubbed (S–T|F), 
germsand endosperm were first separated (S) from whole 
corn kernels,and the resultant germs were used for 
transesterification (T), andthe resultant endosperms and 
in situ transesterification residuewere used for 
fermentation (F). All experiments started with thesame 
amount of corn samples and the material 
changesthroughout the experiments were recorded and 
considered in massbalance. The ethanol and biodiesel 
yields are expressed as gram per100 g of starting corn 
sample. 
2.3.7. Measurements and analyses 
The moisture content of KHO was measured using a 
forced air oven at 103°C for 72 h according the standard 
method 44-15A[28] The oil content of KHO was carried 
out using the one-step extraction method [30] 
2.3.8. Ethanol yield 

Ethanol concentration of supernatant of 
fermentation liquorwas measured using gas 
chromatography (7820A, Agilent Technologies Co., Ltd., 
Santa Clara, CA)For M–T–F, the ethanol yields were in 
the range of 18–23 g/100 g corn and always lower than 
those for M–F–T(30 g/100 g corn). 
2.4.1. Temperature of reaction, substrate concentration, 
and pH were studied to determine their effect on the 
simultaneous saccharification and fermentation of 
cellulosic biomass into ethanol.  

For each physical condition, three runs were 
conducted over a period of approximately one week. 
Within the three runs, each individual run tested the 
physical condition at a varying degree, e.g. varied 
substrate conditions, varied temperature of reaction, 
varied pH within the reaction flask. Temperature 
experiments were run at 30, 35, and 40°C. Substrate 
concentration was varied at 40, 80, and 100 g/L of 
glucose. pH was varied at 4.5, 5, 5.5 and 6. In every run, 
Saccharomyces Cerevisiae, or common baker’s yeast, 
was used. 

Inoculation media, nutrient and growth media 
was prepared for the cultivation of yeast. 

The growth medium was separated into three 50 
mL uncontrolled volume flasks. 3 g/L of yeast was added 
to each 50 mL bottle after which the bottles were sealed.  
 

2.4.2. Samples Taken for Ethanol Concentration and 
Cell Count  

At zero hour and every 24 hours after that, 
samples were taken from the growth bottles to determine 
cell density and ethanol content in order to track the 
fermentation progress. The pH of each sample gathered 
was measured using a standard pH probe calibrated for a 
region of pH less than 7.  

Cell count was measured using a 
spectrophotometer calibrated to 600 nm and 0% 
Absorbance via blank cuvette.  
Ethanol concentration was measured using a high-
performance liquid chromatograph (HPLC).  
2.4.3. Temperature Variations  

Temperature experiments were first carried out 
to estimatewhat the optimal temperature for SSF was. 
Experiments were carried out over a range of 30 to 40 °C 
as this temperature range is the middle range of 
temperatures optimal for fermentation (25-35°C) and 
hydrolysis (35-47°C).  

250 mL of solution was prepared using 3 g/L 
yeast, approximately 44 g/L substrate, and 0.4 mL of 
nutrient medium. The solution was divided into three 50 
mL uncontrolled volume flasks; each flask was sealed 
with an air-tight cap and placed into a shaker at a 
controlled temperature. Samples were taken from the 
sealed flasks every 24 hours.  
2.4.4. Substrate Variations  

Based on the results of the temperature 
experiments, the substrate concentration was studied to 
determine the effects of glucose substrate inhibition on 
the SSF. Experiments were carried out with a range of 40 
to 100 g/L of glucose in the solution.  

250 mL of solution was prepared using 3 g/L 
yeast, varied substrate composition, and 0.4 mL of 
nutrient medium. The solution was divided into three 50 
mL uncontrolled volume flasks; each flask was sealed 
with an air-tight cap and placed into a shaker at a 
controlled temperature. Samples were taken from the 
sealed flasks every 24 hours. Additionally, the flasks 
were emptied of any excess gas that had accumulated as 
a byproduct of the fermentation reaction.  
2.4.5 pH Variations  

1L of solution was prepared using 3 g/L yeast, 
40 g/L substrate composition, and 1.6 mL of nutrient 
medium. The solution was placed into a batch reactor at 
a controlled temperature of 35°C where volume was 
fixed and controlled to 2L. pH was controlled to 4.5, 5, 
5.5, and 6 by a controller that used NaCl and NaOH to 
keep the pH constant. Every 24 hours, samples were 
taken. 
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III.  Results And Discussion 
3.1.1. Optimization of process variables on ethanol 
production: 

The factors affecting the Simultaneous 
saccharification and fermentation of Corn flour with 
Glucoamylase enzyme and S. cerevisiaeculture was 
studied using CCD ( central composite 
Design)experiments. 
3.1.2. Effect of inoculum age on ethanol production: 

The 24 hour old slant of S.cereviasaegave  
higher yield of ethanol compared to 48hours old slant. 
3.1.3. Kinetics and Modeling 

Monod model (growth) and Leudeking-Piret 
model (product formation) was studied. 
The relation between the specific growth rate (µ) of a 
population of microorganisms and the substrate 
concentration(S) 

The optimum values of substrate concentration, 
the pH, the temperature and the enzyme concentration 
were found to be 160 g/l, 5.5, 30°C and 50 IU 
respectively. The maximum ethanol yield of 63.04 g/l 
was obtained at the optimum conditions of SSF. 
3.2.1 Biomass Yield and Cell Dry Weight 

The yeast and mould (biomass) yield was 
obtained by determining the absorbance of the samples at 
690nm which represented the cell density.The yeast and 
mould biomass yield obtained from corn cobs (CC) 
fermentation medium increased gradually from 0.03 
(OD) on the first day to 0.59 (OD) on the seventh day. 
The microbial cell dryweights obtained increased from 
0.47mg/cm3 on the first dayto 0.88mg/cm3 on the 
seventh day respectively. 

 
Fig2: Effect of fermentation period on Yeast and mould 

yield 
 

 
Fig 3: Effect of fermentation period on microbial cell dry 

weight 
 
3.2.2. Reducing Sugar Concentration 

The ability of the Aspergillus niger amylase and 
cellulose to breakdown the corn cobs into reducing sugar 
was studied. The results are represented in Fig. 4 in terms 
of the amount of reducing sugars (mg/cm3) produced at 
24 hours interval for seven days. Corn cob was rapidly 
hydrolyzed to produce 0.63 mg/cm3 reducing sugar and 
the concentration decreased gradually as the fermentation 
period increased. 

 
Fig 4: Effect of fermentation period on reducing Sugar 

Concentration 
 
3.2.3. The pH Values of the Fermentation Medium 

The results of the pH values of the corn cob 
fermentation medium are shown.The values ranged 
between 3.05 and 7.58. The gradual decrease in pH as 
recorded in this study is an indication that acids are 
accumulated in the fermentation medium during the 
fermentation process. Thisagrees with the report of that 
A. nigerproduces organic and by fermentation. 
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Fig 5: Effect of fermentation period on pH of corn cobs 

fermentation medium 
3.2.4. Ethanol Field Obtained from Corn Cobs 
Fermentation 

The results of the ethanol yield are shown. 
Ethanol yield of 1.87% (v/v) was obtained on the first 
day and gradually increased to 10.08% (v/v). This result 
is not comparable to that obtained from ethanol produced 
from ground corn [31]. Reference [31] showed that 
2.69kg of ground corn yielded 95% pure ethanol. 
Although ground corn gave a higher ethanol yield than 
corn cobs, the cost of production from corn is one of the 
most significant factors affecting the economy of 
ethanol; hence efforts are more concentrated on using 
cheap raw materials such as agricultural wastes. 

 
Fig 5: Effect of fermentation period on ethanol yield 

The results of the study clearly showed that 
simultaneous saccharification and fermentation of corn 
cobs to ethanol by a mixture of starch digesting fungus 
A. niger and a non-starch digesting sugar fermenter S. 
cerevisiaeis feasible. The results of this study suggest 
that agricultural wastes that contain fermentable sugars 
can no longer be discarded into our environment, but 
should be converted to useful products like bio-ethanol. 
3.3. Three processing routes (M–F–T, M–T–F, and S–
T|F) for the production of biodiesel and ethanol from 

different KHO corn varieties were investigated. M–F–T 
route produced the highest ethanol yieldwhile S–T|F 
route produced the highest biodiesel yield. 
3.4. Based on the experiments run, the following 
conditions are considered to be the optimal conditions for 
SSF reactions. These conditions ensure that the possible 
inhibitory effects on the system are minimal. These 
conditions ensure that a minimum of 60% ethanol yield 
will be produced from the SSF reaction.  
The temperature should be fixed to 35°C.  
The substrate glucose concentration should be 40 g/L 
initially.  

The pH of the reaction should be fixed to 3.5.  
There are a number of experiments that should 

be conducted in order to confirm these results. Foremost, 
a complete SSF reaction should be carried out at 35°C, 
with a 3 g/L yeast concentration, a 40 g/L glucose 
concentration, and a pH controlled to 4.5. 
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