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Abstract 
Environmental concern and limited resources of petroleum oil has increased 
the demand of biofuel. One way of reducing the biofuel production costs is to 
use the less expensive feedstock. Ethanol as a renewable and an 
environmentally friendly bio-fuel will reduce dependence on fossil fuel and 
enhance energy security. This paper analyzed the composition of Cadaba 
farinosa forssk for biofuel production. The lipid fraction of Cadaba farinosa 
forssk was extracted and analyzed for their chemical and physical properties 
such as kinematic viscosity, density, cloud point, pour point and heat of 
combustion. Ethanol was successfully produced from Cadaba farinosa forssk 
shrub through the yeast fermentation process with an appreciable bio-
ethanol yield of 50.7%. By this result Cadaba farinosa forssk has great 
potential as a feedstock for biofuel production. 
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Introduction 
The use of energy is inevitable for human survival and a secure and accessible 
supply of it is crucial for the sustainability of modern societies.  Energy is an 
essential ingredient for socio-economic development and hence, is a veritable 
indicator for economic growth. The world relies heavily on fossil fuels to meet 
its energy requirements. Fossil fuels such as oil, gas and coal at present  
provides  almost 80% of the total global energy demand while renewable 
energy (solar, hydro, biomass and geothermal) and nuclear powers are 
contributes  only 13.5% and 6.5%  respectively of the total energy needs. At 
present, energy systems employed for power generation are no doubt 
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overburdened and unable to cope with the future energy requirements. Fossil 
fuel reserves are fast depleting, and this has made nuclear power the 
predominant choice of the developed countries. The enormous amount of 
energy being consumed across the world is having an adverse impact on the 
natural ecosystem. Fossil fuels, as the main source of energy are taking their 
toll on the environment. It is on record that technologies for fossil fuel 
extraction, transportation, processing and their combustion have harmful 
impacts. Storage of petroleum fuels, spills and gas leaks cause water pollution. 
Biomass is a term for all organic material that stems from plants (including 
algae, trees and crops). Biomass is produced by green plants converting 
sunlight into plant material through photosynthesis and includes all land and 
water-based vegetation, as well as all organic wastes. Also amongst these 
categories are few alternative fuels such as; Ethanol and Methanol. Ethanol 
can be produced from crops with high sugar or starch contents. Some of these 
crops include; sugarcane, sorghum, corn, barley, cassava, sugar-beets etc. 
Ethanol is a volatile, flammable, colorless liquid that has a strong 
characteristic odor. It burns with a smokeless blue flame that is not always 
visible in normal light. Ethanol or ethyl alcohol has existed since the beginning 
of recorded history. Ethanol is a versatile solvent, miscible with water and 
with many organic solvents, such as acetic acid, acetone, benzene, carbon 
tetrachloride, chloroform, diethyl ether, ethylene glycol, glycerol, nitro 
methane, pyridine and toluene. It is also miscible with light aliphatic 
hydrocarbons, such as pentane, hexane, and with aliphatic chlorides such as; 
trichloroethane and tetrachloroethylene.   
Cadaba farinosa forssk is a plant found in the North-eastern region of Nigeria. 
It is a slender shrub with strongly furrowed stem belonging to the family of 
Capparidaceae. The plant grows in African Sahel and Saudi Arabia. It is a West 
African plant known by different African native names, such as; Dangarfa and 
Legel by the Hausas and Fulanis in northern Nigeria, Maure in Mauritania and 
Senegal; Quinquemini in Guinea; Balamji in Niger. However, the plant contains 
large number of active constituents like alkaloids, sugar, carbohydrates, 
lycoside, protein, amino acid, falconoid, saponin, tannins, phenolic 
compounds, gums, mucilage and steroids. 
In this research,   an attempt was made to produce ethanol from Cadaba 
farinosa forssk by fermentation method. Ethanol fermentation is the 
biological process by which sugars such as; glucose, fructose, and sucrose are 
converted into cellular energy and thereby producing ethanol and carbon 
dioxide as products. The introduction of yeasts into sugar facilitates ethanol 
fermentation in the absence of oxygen. Hence, because the process does not 
require oxygen, ethanol fermentation is classified as anaerobic. 
However,  in a bid to stem the tide of the growing anxiety over the future of 
the world’s crude oil reserve, this paper intends to examine the technical 
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potentials of biofuel production using Cadaba farinosa forssk to reduce the 
inordinate reliance on petroleum products as fuel for automobile transport, 
and to mitigate the emission of greenhouse gas emission caused by the 
combustion of petroleum products, and also expand its agricultural potentials. 
 
Methodology 
The Production of Ethanol from Cadaba Farinosa Forssk Plant 
The ethanol production processes include; plant collection, chipping of 
materials, sugar conversion, fermentation, filtration, distillation, testing and 
characterization. These processes are discussed as follows; 
The Cadaba farinosa forssk species were obtained from Bayara Market, in the 
southern out sketch of Bauchi metropolis, Nigeria. The material were chipped 
and cut into smaller sizes of about 0.5 𝑡𝑜 2.2𝑐𝑚 and allowed to dry under 
room temperature to reduce the water content by 80% for at least 24hours. 
These size reductions of Cadaba farinosa forssk enhance faster diffusion of the 
yeast. A mass of  400𝑔 of dry Cadaba farinosa forssk were added to 667𝑚𝑙 of 
water in a bucket. 4.7𝑔 of sodium hydrogen phosphate (𝑁𝑎2𝑃𝐻𝑂4) was added 
to the sample in the bucket. The slurry was then transferred to a 2500𝑚𝑙 
round bottom flask, after which 229𝑔 of solution of sucrose was added to the 
sample in flask. The sample was then shacked to complete mixing and allowed 
for six (6) hours for the conversion to take place. After the conversion, the 
flask was then fitted with a one whole rubber stopper containing a bent glass 
tube dipped in a test tube containing a saturated aqueous solution of calcium 
hydroxide. The seal is to prevent air and other unwanted enzymes from 
entering the flask, but allowed gasses (i.e.CO2) to escape. The flask containing 
the sample was then placed in a warm place for one (1) week until the 
evolution of CO2 gas ceases. After fermentation, 133𝑔 of celite was added to 
the sample in the flask and stirred vigorously. The sample was then filtered 
with a filter paper. The filtrates are dilute solution of bio-ethanol 
contaminated with bits cellular and other organic compound which can be 
distilled. The filtrate of the sample was then distilled by heating to 80℃ in a 
fractional distillation apparatus for eight (8) hours. The bio-ethanol was 
allowed to evaporate during this time and later condensed in a receiver. The 
process was repeated seven (7) times for an average of four (4) hours to 
reduce the water content and have good percentage of bio-ethanol which is 
flammable and can be used as a fuel. After distillation, the distillate was ignited 
to demonstrate the presence of ethanol.  
The percentage yield of the bio-ethanol is determined by the relationship in 
equation 1 below.  

                                                … 
(1) 
 1

100
% x

sampleofweight

ethanolofweight
yield =
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Characterization of Bio-Ethanol from Cadaba Farinosa Forssk plant 
The following tests were employed for the characterization of the bio-ethanol. 
The range of the ethanol blend was 4%-10%. 
 
Determination of density 
The density of the gasoline fuel was determined by employing the ASTM D97-
93 standard methods. In this case, the weight of a small empty bottle was 
determined using an electronic weighing balance. The bottle was then filled 
to the brim with the gasoline sample and the weight of the bottle and sample 
determined. The density was calculated using the formula below. 

Density (ρ) =  
𝑤2− 𝑤1

𝑣
                                                                          … (2) 

 
Determination of specific gravity  
An improvised specific gravity bottle was washed and rinsed with acetone 
dried in the oven. The bottle was cooled at room temperature in a desiccators 
and the weight of the empty bottle determined using an electronic weighing 
balance. The weight of bottle filled with water was recorded, then the water 
was poured out and the bottle rinsed with acetone and dried in the oven. The 
specific gravity was calculated using equation 20 below: 

Specific gravity = 
𝑤3− 𝑤2

𝑤1
                                                              … (3) 

Kinematic viscosity test 
The viscosity of the bio-ethanol was taken using the U-tube viscometer 
(Ostwald viscometer), the ethanol in the lower bulb was sucked to a point 
above the top white ring mark of the second bulb of the viscometer. The bio-
ethanol meniscus was adjusted by releasing the thumb till it is at the same 
level with white ring mark on top of viscometer second bulb. The bio-ethanol 
was then allowed to flow and a stopwatch was used to take the time interval 
of the flow. The time for the ethanol to pass the second ring mark was 
recorded.  The viscosity was calculated from the results obtained.  

                            𝑣 =   
𝑇𝑠 − 𝑇𝑤

𝑇𝑤
                                                                                    … (21) 

 
Measurement of the calorific value  
The sample was poured in the capsule. A fuse wire was inserted in the sample 
which was then placed in the bomb. The bomb was then charged with oxygen 
from the oxygen cylinder after which it was covered. The calorimeter bucket 
was then filled with 2 liters of water. The bomb was then lowered partially in 
the bucket. The two ignition lead wires were then pushed into the terminals 
of the bomb head. The wires were oriented away from the stirrer shaft so that 
they do not tangle. The calorimeter cover was closed. The calorimeter takes 
over the running of the test and the calorific values of samples are read. 
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Fuel Quality Properties Test 
The following tests were used to determine the fuel quality. They are:  
 

Flash point determination 
A 150ml conical flask with a branch opening and a cork with an opening to 
allow the entrance of the thermometer were fitted into the flask and the 
thermometer put in place. The tip of the thermometer was immersed in such 
a way that it does not touch the bottom of the flask. The set up was place on a 
hot plate. The flask was filled with 5ml of bio-ethanol and was heated at slow 
constant rate on the hot plate. The flash point was taken at the lowest 
temperature when an application of the test flame caused the vapour leaving 
the flask opening to ignite. 
 

Pour point determination  
A portion of the bio-ethanol was poured into a test tube and the mercury point 
of the thermometer with calibration below 1oC, was inserted in the test tube. 
The set up was inserted in a beaker containing ice and left to solidify. When 
the solidification was confirmed, the test tube was removed and tilted and 
closely observed till it started to flow. The lowest temperature at which the oil 
was observed to flow was recorded as the pour point. 
 

Cloud point determination 
A portion of the bio-ethanol was poured into a test tube and the mercury point of the 
thermometer with calibration below 1oC, was inserted in the test tube. The set up 
was inserted in a beaker containing ice. The bio-ethanol was observed closely. After 
some time, the bio-ethanol was observed to form a cloud of gel. The temperature was 
taken.  
 

RESULT AND DISCUSSION 
Table 1; Physio-chemical properties 

Parameter Value 
Density(kg/m3) 742 
Kinematic viscosity (mm2/s) 5.02 
Cloud point(0C) 4.67 
Flash point (0C) 28 
Pour point (0C) 17 
Heat of combustion 33.38 
Calorific value(MJ/kg) 46.1 
Physical state at room temperature Liquid 

 

The findings from the foregoing study could be summarized as follows: 
1. Ethanol was successfully produced from Cadaba farinosa forssk shrub 

through the yeast fermentation process with an appreciable bio-
ethanol yield of 50.7%. 
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2. The physico-chemical properties of the bio-ethanol produced from 
Cadaba farinosa forssk was found to be ; 

I. The density and specific gravity of the bio-ethanol were  742kg/mm3-
761kg/mm3, as the proportion of ethanol in the blend rose from 4%-
10%. 

II. The kinematic viscosity and octane rating of the tested bio-ethanol  
rose slightly from 5.02 𝑚𝑚2 𝑠⁄ -5.516 𝑚𝑚2 𝑠⁄ , and 94.1-97.3 
respectively as the proportion of ethanol in the blended fuel samples 
were varied from 4%-10%. 

III. The pour point and cloud point of the bio-ethanol were found to be   
from -17oC to -9oC, and -13oC to -7oC respectively, as the proportion of 
ethanol in the blend rose from 4%-10%. 

IV. The flash point, calorific value and heat of combustion of the tested bio-
ethanol were found to be  rose  from 28oC-31.2oC, 46.1mJ/kg-
43.5mJ/kg, and 33.28mJ/kg-30.70mJ/kg as the blended proportion of 
ethanol was varied from 4%-10%. 

 
Conclusion. 
Ethanol was successfully produced from Cadaba farinosa forssk shrub 
through the yeast fermentation process with an appreciable bio-ethanol yield 
of 50.7% and the physico-chemical properties of the ethanol from Cadaba 
farinosa forssk was evaluated through standard testing. Cadaba farinosa 
forssk was found to be a suitable plant for ethanol production. 
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