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The present study compared the ethanol and starch content of seven 
varieties of cassava (Manihot esculenta Cruntz) grown and consumed in 
Bayelsa state for their possible use as biofuels and energy nutrient sources. 
Also the functional groups in cassava and other energy food crops - maize 
and sugarcane used as biofuels were compared. Mild acid hydrolysis of 
cassava tubers was done with 0.5% sulphuric acid, while fermentation was 
carried out using yeast preparation (Saccharomyces cerevisae strains).  The 
concentration of ethanol in sample was then carried out using dichromate 
colorimetric method. Analysis of starch in samples was achieved by 
combined acid and enzymatic hydrolysis. Infrared spectroscopy was 
employed for functional groups determination. Results showed that the 
ethanol concentration was from 3.11 – 29.33 (%), while the starch content 
was between 26.3 to 56.3 (%) for the seven cassava varieties. Infrared 
spectroscopy of the three crops showed the presence of alcoholic groups in 
the following decreasing order: sugarcane > cassava > maize. Although 
minimal levels of SO2   and NO2 groups were implied, pollutant producing 
ability thereby followed same decreasing order. Among those common 
biofuel crops, cassava compared favourably in terms of alcoholic content 
and ability to prove environmental friendly. The varieties of cassava 
traditionally named "Oguru", “Agric Rowaina” and "Yomugha",which 
produced the highest concentration of ethanol, could be further explored for 
more efficient utilization as such; whereas those containing high starch 
levels employed as energy nutrients and other uses.  
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INTRODUCTION 
 
The need for energy security, reduction in oil prices and 
concern over greenhouse gas emission from fossil fuels are 
among the factors that support the search for alternate 
energy sources. Uses of biofuels as alternate energy sources 
have therefore continued to gain increased public and 
scientific interest and recognition (Adelekan, 2010; 
Akihiko, 2009; BAS, 2007). The International Agency for 
Energy (IAE) has estimated that biofuels had the potential 
to meet more than a quarter of the world's demand for 
transportation by the year 2050 (DA-BAR, 2008). 

Agricultural products that have been tapped for biofuel 
production include Soyabeans, Sweet Sorghum, Jatropha, 

Cassava, Sugarcane and Maize (DA-BAR, 2008; BAS, 2007; 
Hguyen, 2007). The present focus is on the prospective use 
of the cassava varieties, traditionally named – Accra, Agric, 
Janet, Oguru, Rowaina, Agric Rowaina and Yomugha 
produced in Bayelsa State, as biofuel and starch energy 
sources. Information about the origin of these cassava 
varieties is already documented, (Madukosiri and Amos-
tautua, 2008).  

This study therefore intends to determine the 
concentration of ethanol and starch in the cassava varieties. 
Also, in order to compare the environmental friendliness of 
cassava   to   those    of   other   crops   mentioned above, the  
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Table  1. Number of Leaves, Tuber Root Diameter (cm) and weight (Kg) of Cassava 
Varieties Grown and Consumed in Bayelsa State (Mean ±SD). 

      
Variety Number of leaves/Plant       Tuber Root Diameter      Tuber weight               
Accra 100 ± 7.8                     1.5 ± 0.1                 0.39 ± 0.29 
Agric 96 ± 11.1                       1.9 ± 0.2                0.22 ± 0.16 
Janet 93 ± 9.6                        1.6 ± 0.2                0.32 ± 0.31 
Oguru 90 ± 10.0                       1.7 ± 0.1                0.32 ± 0.26 
Rowaina 88 ± 5.6                         1.4 ± 0.2                0.32 ± 0.31 
Yomugha 79 ± 10.2                       1.3 ± 0.2                 0.37 ± 0.25 
Mean 91 ± 7.3                        1.6 ± 1.6                  0.32 ± 0.05 

 

The tabulated values were means (± SD) of three determinations 

 
 
 
functional groups present in them would be determined. 
This is with the understanding that the reaction of organic 
compounds or molecules is primarily determined by the 
nature of their functional groups and not by their sizes or 
complexities. 
 

 

MATERIALS AND METHODS 
 

Samples 1 to 3 (S1 to S3) of seven varieties of cassava 
(Manihot esculenta cruntz), traditionally named Accra, 
Agric, Janet, Oguru, Rowaina, Agric Rowaina and Yomugha 
were harvested from farms in Okutukutu, Yenagoa town of 
Bayelsa state, in the months of February and April, 2007 
(for samples 1 and 2 respectively), and 2013 (for sample 3). 
The plants were identified by a taxonomist. 
 

GMO Screening 
 

The leaves of the various varieties of cassava were screened 
for GMO (Genetically Modified Organism). Gene extraction, 
purification, DNA amplification using PCR (Polymerase 
Chain Reaction) and Agarose gel-electrophoresis of the 
chloroplast gene in cassava leaves were done using the 
method explained by Esiobu, (2008). 
 

Preparation of Samples of Cassava Tubers 
 

Cassava tubers were washed, peeled (to remove the skin), 
soaked for 24hours in distilled water to remove any 
impurities and thereafter dried in an oven at 70°C and 
finally milled to powder in a warring blender. The milled 
samples were stored in clean sterile containers until 
required for use. 
 

Starch Composition of Flour  
 

The percent moisture, dry matter and starch content were 
determined by the methods of AOAC (1980), and Woods 
and Aurand (1977) respectively. 
 

Ethanol Determination 
 
Acid hydrolysis of  sample was  carried  out  using  0.5ml  of 

0.5% (v/v) sulphuric acid and autoclaving at 115° C for 
20min, while fermentation was accomplished using freshly 
harvested yeast cells – Saccharomyces cerevisae strain 
(Adesanya et al, 2008). Ethanol determination was then 
carried out by dichromate  colorimetric method of Atkins, 
(2002). Oxidation of ethanol was done using potassium 
dichromate(VI), while the concentration was determined 
spectrophotometrically at 540nm and read off a standard 
prepared the same way using graded ethanol concentration 
(from 20 – 100% v/v). 
 
Infrared (IR) Spectroscopy 
 
The determination of functional groups in samples was 
carried out according to the method explained by Skoog et 
al., (2008). The dried samples of residues, aqueous and 
ethanol extracts were mixed with Nujol (a heavy 
hydrocarbon). The resulting mull was examined as a film 
between flat salt plates in an IR Spectrometer. 
  
 
RESULTS 

 
Morphological Measurements, Starch, and Ethanol from 
Cassava  

 
Cassava varieties produced in Bayelsa state were analyzed 
to determine their starch, ethanol and functional groups 
content. Samples were obtained at deferent occasions, from 
the year 2007 to 2013. Morphological studies showed that 
the number of leaves per plant was 91±7.3, tuber root 
diameter 6±1.6 cm and tuber root weight 0.32 ± 0.05 (kg) 
(Table 1). Tuber root weights (kg) for samples 1, 2 and 3 
were between 0.4 to 0.75, 0.01 to 0.03, and 0.2 to 0.5 
respectively. The values of starch determined were 56.3, 
47.5, 40.0, 31.3, 27.5, 26.3, and 25.0 (%) for Rowaina, Agric, 
Accra, Yomugha, Oguru, Agric Rowaina, and Janet 
respectively. (Table 2). On the other hand, ethanol 
determination was between 3.11 – 29.33 (% ), (Table 2). 
The functional groups determination from sugarcane, 
cassava, and maize extracts showed the presence of 
alcoholic      groups,     OH     and     C-O.    The OH   bending, a  
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Table  2.  Starch (%) and Ethanol Concentration (% v/v) in Seven Cassava 
(Manihot esculenta) Varieties Produced in  
Bayelsa State 

 
Cassava Varieties Starch (%) Ethanol Concentration (g)/ sample 
Accra 40.0 4.33 
Agric Rowaina 26.3 4.96 
Janet 25.0 3.33 
Oguru 27.5 29.33 
Oguru 56.3 3.11 
Yomugha 31.3 4.88 

 

 
Table 3. Functional Groups Present in Aqueous and Petroleum Ether  Extracts of Cassava.                                    

 
Functional Group                   IR-Range(cm-1)   Aq. Residue       Aq. Ext.         P. Eth. Ext 
O-H                    3600 – 3200(s) + - - 
OH-bending           1450 –  1200             + - - 
C-H                    2830 – 2695 - - - 
C=O                    1800 – 1600 + + + 
OH str                3700 – 2980 + - + 
C-O str                1300 – 900 + + + 
CH2OH          1075 – 980(s) + + + 
CHOH          1440 – 1375(m)          + + + 
 C-OH                       1220 – 1120(s)            - - + 
C-Cl                     760 –  660 + - + 
SO2        1350 – 1300(s)             - - - 
        1175 – 1100(s)             - - + 
NO2        1375 – 1300(s)             + + + 
        1575 – 1490(s)             - - - 

 

+,                                        , Absence of the functional group; Aq.Residue , Aqueous residue; 
Aq.Ext., aqueous extract; P.Eth.Ext , Petroleum ether extract. S, strong peak; m, medium peak; and str, 

stretching vibration. 
 
 
 
characteristic of alcoholic group was indicated in all spectra 
(figures 1 – 8). The presence of alcohol in the three crops 
was according to the decreasing order: sugarcane > cassava 
> maize. 

 Although minimal levels of SO2   and NO2 groups were 
implied, pollutant producing ability was also rated in the 
decreasing order: sugarcane > cassava > maize. The 
sulphone group, -SO2-, was indicated only in the petroleum 
ether extract of samples, while the nitro group, -NO2, was 
implicated more at ranges 1375 – 1300cm-1 in virtually all 
the samples, (tables 3-5, figures 1-8). 
 
GMO Screening 
 
Genetic studies showed that these cassava varieties were 
not GMO plants. The results of Agarose gel electrophoresis 
indicated the presence of only one plant gene (the  
chloroplast gene) in each variety. The absence of CMV35s 
(Cemien Mosaic virus attached to the gene) and the Ns 
terminator bands was a confirmation that the leaves 
contained no GMO. One band was observed for each variety 
against the 3 bands obtained in the control.             

DISCUSSION 
 
The adequacy of cassava as biofuel source has been the 
concern of many scholars (BAS, 2007; Adesanya 2008; 
Adelekan; 2010). The present work has determined the 
starch and ethanol content of seven cassava varieties in 
Bayelsa and assessed their ability to prove  environmental 
friendly in comparison to other crops such as sugarcane 
and maize. 
 
Starch and Ethanol  
 
The highest starch values determined were obtained from 
cassava varieties – Rowaina, Agric and Accra. The values 
obtained were higher than some levels reported in 
literature (Ebuehi and Ahmed, 2005). However the amount 
of starch determined from the rest varieties particularly 
Oguru and Yomugha were comparable to those obtained 
from TMS and NR varieties in the cited reference. The 
percentage starch determined in the present study was 
according to the decreasing order (from highest to lowest),  
Rowaina  >  Agric  >   Accra   >  Yomugha  >    Oguru >   Agric 
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Table 4. Functional Groups Present in Aqueous and Petroleum Ether Extracts of 
Sugarcane 

 
Functional Group               IR-Range(cm-1)   Aq. Residue       Aq. Ext.         P. Eth. Ext 
O-H              3600 – 3200(s)                   +       +       + 
OH-bending     1450  - 1200                  +       +       + 
C-H              2695  - 2830                  -       -       - 
C=O              1800  - 1600                  +       +       + 
OH str           3700 – 2980       +       +       + 
C-O str           1300 – 900       +       +       + 
CH2OH  1075 – 980(s)       +       +       + 
CHOH  1440 – 1375(m)                +       +       + 
 C-OH               1220 – 1120(s)                  -       -       + 
C-Cl                760 –  660       -       +       + 
SO2  1350 – 1300(s)                   -       -       + 
  1175 – 1100(s)                   -       -       + 
NO2  1375 – 1300(s)                   +       +       + 
  1575 – 1490(s)                   +       -       - 

 
                                          , Absence of the functional group; Aq. Residue, 
Aqueous residue; Aq. Ext., aqueous extract; P. Eth. Ext, Petroleum ether extract. S, strong 
peak; m, medium peak; and str, stretching vibration.        

 
 

Table 5. Functional Groups Present in Aqueous and Petroleum Ether Extracts of 
Maize 

 
Functional Group               IR-Range(cm-1)   Aq. Residue       Aq. Ext.         P. Eth. Ext 
O-H                    3600 – 3200(s)       -       +       - 
OH-bending           1450 –  1200                   +       +       + 
C-H                    2830 – 2695       -       -       - 
C=O                    1800 – 1600       +       +       + 
OH str                3700 – 2980       -       +       - 
C-O str               1300 – 900       +       +       + 
CH2OH      1075 – 980(s)       +       +       + 
CHOH      1440 – 1375(m)                +       +       + 
 C-OH                   1220 – 1120(s)                  +       -       + 
C-Cl                    760 –  660       +       -       + 
SO2      1350 – 1300(s)                   -       -       - 
      1175 – 1100(s)                   -       -       + 
NO2      1375 – 1300(s)                   +       -       + 
      1575 – 1490(s)                   -       -       + 

 

+,                                        , Absence of the functional group; Aq. 
Residue,=Aqueous residue; Aq. Ext., aqueous extract; P. Eth. Ext , Petroleum ether extract. S, 
strong peak; m, medium peak; and str, stretching vibration. 

 
 
 
Rowaina > Janet. 

On the other hand, cassava varieties which produced 
higher concentration of ethanol were in the order Oguru > 
Agric Rowaina > Yomugha > Accra >Janet > Rowaina. It was 
observed that varieties with high starch content did not 
produce a correspondingly high ethanol concentration. This 
could mean the presence of other more hydrolysable / 
fermentable materials in Oguru and to a lesser extent in 
Agric Rowaina and the other varieties in that order. 
However these results are in consonance with others in 
literature which showed high ethanol yield of csassava 
product in comparison to other crops such as sugarcane, 

carrot, sweet sorghum, maize, wheat and rice (Adelekan 
2010; DA-BAR, 2008; Akihiko et al., 2009).      

Major factors which favour the use of biofuels against 
those of fossil fuels are well documented (BAS, 2007) and 
include its renewability in nature, low cost of production 
and environmental friendliness. The issue of low 
production cost of cassava is explained by the fact that the 
crop has remained one of the most drought tolerant crops 
that can successfully grow in marginal soils where other 
crops fail to grow well and requires marginal farm input in 
its cultivation. Controversies surrounding the use of 
cassava  as     biofuel     commonly    focus  on the   perceived  
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Figure 1: Infrared spectra of aqueous cassava residue  

 
 

 
 

Figure 2: Infrared spectra of aqueous cassava extract  
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Figure 3: Infrared spectra of cassava ether extract  

 
 

 
Figure 4: Infrared spectra of sugarcane aqueous residue  
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Figure 5:Infrared spectra of aqueous extract of sugarcane  
 
 

 
 

Figure 6: Infrared spectra of ether extract of sugarcane  
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Figure 7: Infrared spectra of aqueous residue of maize  
 

 
 

Figure 8: Infrared spectra of aqueous extract of maize  
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negative impact on human and animal nutrition. It is argued 
that such a move could create a strong competition for 
cassava which has hitherto remained a major energy 
nutrient (in developing countries). A possible outcome 
could be the diversion of the cassava commodity away from 
human food chain, thereby encouraging price hike, making 
cassava unavailable for the hungry masses that depend on 
such staple for their caloric requirement. It is therefore 
commonly believed that such an attempt could end up 
increasing the incidence of malnutrition and other 
associated health problems. However those who oppose the 
use of cassava as biofuel should not also forget the other 
side of the coil, which is the aspect of the positive impact it 
could make on the majority of the rural dwellers who are 
cassava producers, most of whom are subsistent farmers. 
One such anticipated impact is an increase in family income 
as a result of high demand for the product with consequent 
job opportunities. The fact is, issues of this nature are 
multi-faced and therefore require a multi-factorial 
approach. One way is to allow market factors to take their 
natural course. Cassava should be subjected to as many 
uses as possible (if it is environmentally / economically 
viable to do so), while allowing market factors and other 
variables to adjust themselves to stability.   
 
Functional Groups Determination 
 
The fuel production efficiency of crops was assessed and 
compared in terms of the nature of their functional groups. 
Assessment was done using the IR spectra of the extracts of 
the crops samples. This is with the understanding that 
functional groups tend to undergo their characteristic 
reactions in every molecule of which they are part, 
irrespective of the size of the molecule (Skoog et. al, 2008). 
The size and complexity of interaction of biomolecles 
notwithstanding, their functional groups and chemical 
reactions are not different from those of simpler organic 
molecules.  Comparison between the IR spectra of cassava 
and that of maize samples showed some similarities in the 
level of alcoholic groups present, whereas a sharp 
difference was observed when compared to that of 
sugarcane. All samples of sugarcane, cassava, and maize (in 
that decreasing order) showed the presence of the alcoholic 
groups OH, OH-Bend, C-O and OH-Stretch. Also sugarcane 
and cassava extracts possessed more of the primary and 
secondary alcoholic groups than the tertiary alcohols. The 
reverse was the case for the maize extracts. Oxidation [O] 
converts the primary and secondary alcohols to carbonyl 
groups. Contrarily, tertiary alcohols are not easily oxidized 
thus due to the absence of a hydrogen on the carbon atom 
to which the -OH group is bonded. These trends or 
characteristics might be related to the production cost for 
the various biofuel materials. The usage of the samples of 
sugarcane, followed by cassava, might prove a more 
efficient biofuel production than that of maize. 

The environmental friendliness of these major biofuel crops 

 
 
–cassava, sugarcane and maize, were also compared. 
Comparison between the IR spectra of the acid-forming 
groups showed that the sulphone groups, –SO2-, were 
virtually absent in aqueous samples of extracts, but showed 
up in some of the petroleum ether extracts, particularly that 
of sugarcane at different IR ranges. On the other hand the 
nitro groups appeared to occur at same levels in the two IR 
ranges shown. Although the levels at which these were 
present might be deemed low, continual production may 
make a significant contribution to environmental pollution 
in the long run and subsequently give rise to formation of 
acid rain. The primary cause of acid rain, apart from the 
natural sources such as volcanoes and lightning bolts, is 
from industrial and automotive pollution. High amount of 
sulphur dioxide (SO2) gas is released into the atmosphere 
where some is oxidized by air to produce sulphur trioxide 
(SO3). Oxides of sulphfur or nitrogen (NO2), when dissolved 
by rain form dilute sulphurous (H2SO3) and sulphuric acid 
(H2SO4) or dilute nitric acid (HNO3) and nitric oxide (NO), 
as the case may be. The result of acid rain is a significant 
decrease in the pH of rain water. The overall outcome of 
these is worsened in geographical locations where the soil 
buffering capacity is poor. The consequence is a negative 
ecological impact on both terrestrial or vegetative and 
aquatic life. Since one major drawback for the current use 
of hydrocarbon fuel is its significant release of pollutants 
into the environment, it should also be worthwhile to limit 
the use of biofuel materials to those that have the least 
pollutant content.  
 
GMO  
 
The analysis of cassava varieties for presence of GMO was 
deemed necessary due to high traffic of GM products among 
countries and consequently high demand from consumers 
for freedom of choice between GM and non-GM foods. In 
many European countries, the co-existence of GM plants 
with conventional and organic crops has been raising 
significant concern (Konia and Cockburn, 2004). Research 
work on agricultural product should clearly indicate if the 
product is a natural or genetically modified organism. The 
varieties determined in the present study revealed the 
absence of GMO. This fact was strengthened by the result of 
the morphological studies which obtained a mean value of 
91 ± 7.3 for the number of leaves per plant – a fact which 
was in consonant with the literature report for non GM 
products (Sayre et al, 2006).  The present study has 
therefore provided information for those who do not want 
GMO cassava products on one hand, and on the other hand 
for the law enforcement agents who may want to track and 
regulate the release or use of GMO products. It is the 
responsibility of the public and scientist to ensure that 
public health and policy concerning agro-biotechnology is 
enforced and observed. Since many of such products have 
gone into the markets, measures should be undertaken to 
monitor     the     presence of    GM  plants in  the  developing  



Int.J.Agric.Policy Res.         165 
 
 
 
countries so that consumers' right of choice would not be 
undermined for any reason.  
 
 
Conclusion 
 
In summary this study has determined high to moderate 
levels of starch and ethanol in varieties of cassava used in 
Bayelsa state. It is also demonstrated that these samples of 
sugarcane, followed by cassava, could yield more alcohol 
than maize samples when used as biofuels. They are 
deemed to be capable of delivering a more efficient alcohol 
yield. The environmental friendliness of the food crops 
were investigated by comparing the content of acid-forming 
groups. Although minimal levels of SO2   and NO2 groups 
were implied, pollutant producing ability was rated in the 
same decreasing order as the presence of alcoholic groups: 
sugarcane > cassava > maize. Among those common biofuel 
crops, cassava compared moderately in terms of alcoholic 
content and ability to prove environmental friendly. 
However other spectroscopic techniques such as NMR 
(Nuclear Magnetic Resonance) and MS (Mass spectroscopy) 
would be necessary to confirm the presence / absence of 
those constituents that determine the environmental 
friendliness of materials. It is recommended that the 
cassava variety, Oguru , which produced the highest ethanol 
concentration be used more as biofuel source since it is also 
considered moderate among biofuels in its pollutant 
content. On the other hand, the varieties, Rowaina, Agric 
and Accra should serve as starch sources for both home and 
other uses.   

Future work should consider fuel production from Oguru, 
Agric Rowaina and Yomugha varieties, on industrial scale. 
The chemical reactions of other biofuel materials should be 
determined.    
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