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Abstract
Bioethanol is an attractive source of energy when compared to fossil fuel. It
is renewable and environmentally friendly due to its low toxicity and biodegradability. The first generation bioethanol derived from is limited by the
high cost of production of these crops and danger posed to food security.
This study investigated the use of wild maerua shrub in production of bioethanol in comparison to cultivated food crops. Fermentation was done using Yeasts Y1, Y2 and Y3. Yeasts Y1 and Y2 were isolated from finger millet
malt, while Y3 was the commercial yeast Saccharomyces cerevisiae. Fermented
plant samples were distilled, oxidized and analysed at 595nm using UV-Visible
spectrophotometer. Statgraphics centurion XVI.I was used for statistical analyses. The concentration (g/L) was obtained from a formula and converted to
(g/L).The ethanol concentration (g/L) and productivity (g/L/h) were as follows; cassava (64.052 ± 0.098; 1.334), maize (66.670 ± 0.227; 1.389), sorghum
(62.382 ± 2.148b; 1.300) and maerua shrub (61.988 ± 0.160, 1.291) which
were significantly higher compared to sugarcane molasses (49.978 g/L, 1.041)
when fermented by Y2. Mean ethanol concentration (g/L) and productivity
(g/L/h) for plants across all yeasts were comparable (p-value = 0.4239). Maerua
Shrub should be used as an alternative sugar source for bioethanol production.
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1. Introduction
Biofuels are chemicals that contain energy generated and derived from biomass
DOI: 10.4236/jacen.2021.103019
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in which they are sustainable and renewable sources. Biofuel includes bioalcohols mainly bioethanol, biodiesel, biogas [1]. Bioethanol is ethyl alcohol produced through biomass conversion via biochemical processes [2]. The bioethanol-gasoline blend is used as a source of energy, also used to synthesize ethyl tertiary butyl ether (ETBE) in which both are blended with gasoline to reduce pollutant levels such as CO, NOX in vehicles [3].
Biofuels are alternative energy sources because they are non-toxic, biodegradable and their combustion releases remarkably less amount of greenhouse gases
and particulate matter [4]. Bioethanol is used as transportation fuel in its pure
form or mixed with gasoline which enhances octane in gasoline and oxygenated
fuel mix reduces air pollution [5]. Bioethanol application in the compressionignition engine is enhanced by blending biodiesel-diesohol which shows good
performance especially when a dual fuel operation system is used, a maximum of
80% ethanol ratio can be attained when loads are increased [6].
Alcohol-based hand sanitizers are prepared using ethanol, isopropyl alcohol
and n-propanol with solutions containing alcohol above 60% v/v being most
effective in inactivating SARS-CoV-2 also commonly known as COVID-19
[7].
Bioethanol is used as cooking fuel especially by using bioethanol stoves that
are currently in the market; this fuel mix reduces air pollution significantly from
within the house as compared to fuels such as kerosene as a result use of bioethanol reduces cardiovascular health problems [8].
Greenhouse gas and aerosol emissions are associated with climate change.
The use of biodiesel and bioethanol remarkably decrease emitted greenhouse
gases from engines. Particulate number and particulate matter emission decrease remarkably when oxygen-containing fuel, blends with gasoline [8].
First generation employ methods that use food crops to produce various forms
of biofuels, however, it is associated with many disadvantages such as food insecurity because it competes with food supply unlike other generations [10]. Maerua

subcordata is a wild shrub found in arid and semiarid land of East Africa, especially in burned regions of grassland [11]. This plant was used to investigate bioethanol production because it is known to contain high carbohydrate concentration.
Despite being an attractive renewable and environmentally friendly source of
energy than fossil fuels, various factors have hindered bioethanol production.
First generation bioethanol is expensive because it is produced from food crops,
which account for more than half of its cost. In addition, the use of food crops in
bioethanol production would cause food insecurity a situation that causes a lack
of food and increases their cost further. There is increased demand for alcohol-based sanitizers currently because of COVID-19 disease. The use of lignocellulosic feedstock is challenging due to the high cost of pretreatment despite
the fact that they are readily available. Therefore it is necessary to research other
non-food crops for bioethanol synthesis.
DOI: 10.4236/jacen.2021.103019
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2. Materials and Methods
Chemicals and reagents used were Potassium dichromate (Griffin &George), concentrated Sulphuric acid, absolute ethanol (Griffchem Fine chemicals), α-amylase
enzyme (Loba chemie) and distilled water distilled from University of Eldoret
Laboratory.
Finger millet, maize, sorghum, cassava and maerua shrub were collected from
Kaplelwo village, Emining division, Baringo County. The samples were collected
randomly and also depended on availability, consent of the farmers, maturity and
health of the plant.
About 4 kg of each fresh cassava and maerua shrub tubers were weighed and
washed in clean fresh water. Exactly 1 kg of freshly harvested grains of sorghum
and maize, were weighed. About 2 litres sugarcane molasses in plastic container
was purchased at an Agrovet in Eldoret town. Exactly 100 g of standard yeast
(Saccharomyces cerevisiae) was supplied by the Agrochemicals Company of Kenya
at Muhoroni.

2.1. Preparation of Samples
20 g of each plant samples were weighed and placed into clean 250 mL Erlenmeyer flask. The flasks were labelled as; A-maerua shrub, B-cassava, C-sorghum,
D-maize and E-molasses. Exactly 120 mL of distilled water was measured, poured
into the flasks containing samples and stirred to soak completely. The level of
the mixture was marked, then sample were autoclaved at 121˚C for 15 minutes
[12]. Distilled water was added to the initial mark and cooled to 40˚C. Exactly 1
g of α-amylase enzyme was (in excess) followed by 1 g of yeasts to each sample
resulting in 5% inoculums size and allowed to ferment. Each flask was covered
with aluminium foil secured using a rubber band. They were incubated for 48
hours at 35˚C which are optimum conditions for fermentation. Figure 1 show
the summary of the procedures for processing samples.
The filtrates were distilled using well assembled apparatus with thermostatic
heater as source of heat. The temperature was maintained at 85˚C to extract most
of the vapour from the fermentation broth [13].
The distillate was tested for ethanol by adding 1 mL of potassium dichromate
to 1 mL of 10% diluted absolute ethanol. The procedure was done using 1 mL of
distillate and 1 mL of potassium dichromate, heated in water bath for 10 minutes
for the colour to develop.
A calibration curve on absorbance against ethanol concentration (%) v/v was
drawn according to modified procedure by [14]. Exactly 0.5 mL was added to about
4.5 mL of distilled water so as to dilute it ten folds to lower the concentration to a
measurable concentration. Accurately measured 2.0 mL of the resultant solution
was mixed with 2.0 mL of 0.298 M acidified potassium dichromate solution.

2.2. Data Analysis
Descriptive statistics (mean and standard deviations) were used to summarize
DOI: 10.4236/jacen.2021.103019
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Figure 1. Flow chart on procedures of fermentation and extraction of samples.

ethanol concentration. One-way analysis of variance (ANOVA) was used to determine significant difference in ethanol concentration of maerua shrub, cassava,
sorghum, maize and sugarcane molasses. Statgraphics centurion XVII was used
to carry out the statistical analyses. LSD-Fishers least significant difference was
used.

3. Results and Discussion
The green colour of the standard ethanol and samples in potassium dichromate
confirms the presence of ethanol in the distillate. Calibration curve was constructed
basing on the results obtained by determining absorbance of the standard solution prepared. Dichromate solution was used as blank. A graph was plotted obtaining a straight line. Where R2 = 0.9983 there was a strong correlation between
absorbance and ethanol concentration. Concentration of samples was obtained
by substituting X with absorbance. Ethanol concentration in (g/L) was obtained
by converting percentage ethanol v/v in 100 mL to a liter (1000 mL) then multiplied by density of ethanol (0.789 g/mL). The results were represented using
bar graphs as shown in Figure 2 below.
Maerua shrub produced ethanol concentration which is comparable to that of
maize (p = 0.1) and sugarcane molasses (p = 0.4109) when fermented with Y1,
however, cassava (p = 0.0061) and sorghum produce ethanol concentration that
are significantly higher. To the best of our knowledge, there are no other similar
studies that have been conducted with Maerua shrub and therefore no data was
DOI: 10.4236/jacen.2021.103019
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NB: Values represent means of duplicate experiments were determined for significant difference at p
< 0.05. Mean ethanol concentration (g/L) and productivity (g/L/h) for plants across all yeasts were
comparable (p-value = 0.4239, F ratio = 1.03).

Figure 2. Concentration of ethanol concentration (g/L) produced upon fermentation of
the various plants using different yeast strain.

available in the literature to be used for comparison. Nonetheless, we consider
our findings to be novel in this regard. Fermentation of plant materials with high
glucose concentration has been shown results in proportionately higher ethanol
concentration and productivity [15]. Other favourable conditions that determine
ethanol yields include carbon source and nitrogen [16]. This could be the reason
why sorghum produced higher concentration of ethanol than maize and sugarcane molasses despite the two having higher concentration of reducing sugar
than sorghum.
Reference [17] used Saccharomyces cerevisiae, which produced maximum ethanol concentration 106 g/L in 24 h of fermentation, productivity of 4.4 g/L/h
which is high than ethanol concentration of sorghum whose value was (1.30 g/L/h).
The observed disparity may be attributed to the high concentration of reducing
sugar (250 g/L) because hydrolysis was done using alpha-amylase and glucoamylase. In the present study only alpha-amylase enzyme was used to hydrolyse
starch.
Cassava, maize, sorghum and maerua shrub produced ethanol concentration
and productivity which were significantly higher compared to that of sugarcane
molasses whose concentration and productivity when fermented using Y2. When
Y1 and Y3 were used to ferment maize and cassava the results had significant
difference compared to that of Y2. Reference [18] obtained ethanol productivity
of 1.35 g/L/h when cassava starch was fermented using wild type of S. cerevisiae,
these results were in agreement to the results obtained using Y2.
Cassava yielded significantly higher ethanol concentration compared to concentration from maerua shrub, sorghum, maize and sugarcane molasses when
DOI: 10.4236/jacen.2021.103019
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fermented by (Saccharomyces cerevisiae) Y3. Cassava produce high ethanol concentration due to high concentration of reducing sugars, this is supported by
[19]. Reference [20] obtained ethanol concentration (30 - 35 g/L), when cassava
was fermented for 24 h using Saccharomyces cerevisiae with complete conversion of sugar. The productivity from these results is (1.250 - 1.458 g/L/h) which
are higher than the results from Y3 (S. Cerevisiae). The reason for the difference
is the complete conversion of sugar to ethanol by the yeast.
Sugarcane molasses produced lower ethanol level compared to maize, cassava
and sorghum, the high concentration of reducing sugar could have interfered with
yeast cellular physiology therefore reducing fermentation efficiency. The lower
ethanol concentration from sugarcane molasses is caused by its lower nitrogen
concentration than concentration of other plants it contains (0.61% w/w) obtained
by and does not contain lipids which are important substances as amino acid.
Amino acids provide raw material for energy generation, biosynthesis of structural or defensive compounds against abiotic and biotic stress, while the role of
lipids are adaptation to stress, membrane structure and signalling molecule in
yeasts [21].
Maerua shrub should be used in production of cheaper bioethanol because of
producing high ethanol concentration and productivity when fermented by Y2,
this result has insignificant difference compared to the concentration from maize,
cassava, and sorghum. These crops are food sources therefore the cost of production for bioethanol is higher than the cost of using maerua shrub.
The cost of raw materials considerably affects the sustainability of bioethanol
production [22]. It implies the low cost feedstock such maerua shrub contribute
lower percentage of the total cost an idea supported by [23], while the food crops
contribute a higher cost because of high demand for food, consequently increasing
bioethanol production cost and food shortage. Production of bioethanol from
sugarcane molasses is also costlier due to its use as food and animal feed.
Maerua shrub is plant that can grow on marginal lands and produce bioethanol
is advantageous because it ensure food security and does not compete with food
crops for arable fertile lands an idea supported by [24].

4. Conclusion and Recommendations
Based on our findings, Maerua shrub showed ethanol productivity that is comparable to that of cassava, sorghum, sugarcane molasses and maize, therefore the
plant can be used to substitute these food crop plants. Bioethanol produced from
maerua shrub would enhance food security since it is a non-food plant and also
translate to lower costs of production. Further, the commercial farming of this
plant by farmers is highly recommended as it will enhance the cultivation of arid
and semi-arid land because of its resistance to drought.
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