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Abstract

The optimization of some fermentation parameters for bioethanol production from cassava fibres
and corncobs by a paimwine yeast was studied. The Malt Extract Agar was used for the
isolation of the yeast from raffia palmwine using the spread plate technique. The yeast was
used for the production of bioethanol from acid hydrolysed cassava fibres and corncobs at
different fermentation time. Various inoculum sizes and substrate concentrations were employed
to determine the optimum for bioethanol production. The effect of UV irradiation on bioethanol
production by the palmwine yeast was also conducted. The result of the study revealed that the
yeast strain isolated from the palmwine was Saccharomyces cerevisiae DBVPG6765. It was
observed that maximum ethanol concentration of 8.0 %v/v was recorded after 72 h for corncobs,
while 6.8 %v/v was recorded for cassava fibres after 96 h respectively. Optimum ethanol yield
of 8 %v/v for corncobs and 6.8 %v/v for cassava fibres was observed at 1 %v/v inoculum size.
The optimum ethanol yield of 8.3 %v/v for corncobs and 7.2 %v/v for cassava fibres was
observed at a substrate concentration of 200g/l. The UV irradiated strain of the yeast, recorded
8.9 and 7.5%(v/v) of ethanol from corncob and cassava fibre respectively. The study has been
able to establish that cassava fibre and corncob could be used as substrates for bioethanol
production. It has also revealed that optimization of some fermentation parameters could
enhance bioethanol yield.

Keywords: Bioethanol, Saccharomyces cerevisiae, palmwine, fermentation time, inoculum size,
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1. Introduction

Fossil energy resources has provided about 50% of total energy globally (Ohimain, 2010) and
about 86% of total transportation fuel (Atadashi, 2011). Presently, it is depleting (Izah and
Ohimain, 2013) due to increased population and economic growth (Daud et al., 2012). To avert
the looming energy crisis, governments all over the world have encouraged the use of alternative
sources of energy. Renewable energy sources provide several solutions to the challenge of
conventional energy resources such as emission of pollutant gases into the atmosphere. The
higher price of oil has attracted the greater attention to biofuels, especially bioethanol, biodiesel,
biohydrogen, to list a few. Biofuels may be classified under the categories of first or second
generation biofuels (Naik et al., 2010). First generation biofuels are generally made from
carbohydrates, lipids and oils or agro industrial wastes using conventional technologies. Second
generation biofuels are generally derived from lignocellulosic biomass including cellulosic plant
biomass such as the stalks, stems, wood. Many second generation biofuels such as biohydrogen,
biomethanol and mixed alcohols are under development. Bioethanol can be used as a fuel, either
pure or blended with gasoline (gasohol). In the United States, it is used as 10% solution in
gasoline (E-10) while in Brazil it is used both blended (24% ethanol, 76% gasoline) and hydrated
in flexible-fuel vehicles (Zabed et al., 2014). Others mixtures are E-15 (15% ethanol, 85%
gasoline) and E-85 (85% ethanol , 15% gasoline). Using ethanol as a gasoline fuel additive as
well as transportation fuel helps to alleviate global warming and environmental pollution.
Bioethanol can also replace other additives, as octane boosters, in gasoline fuel, and ethanol-
gasoline blend provides the highest brake power (Elfasakhany 2015). Other benefits come from
using bioethanol as biofuel: it is totally basically non-flammable, non-toxic, biodegradable (I1zah
and Ohimain, 2013; Sameera et al., 2011), sulphur free and the products from its incomplete
oxidation (acetic acid and acetaldehyde) are less toxic in comparison to other alcohols (Minteer,
2006).

Bioethanol is an example of liquid biofuel produced from renewable resources (Prasad et al.,
2009) through fermentation (Nzelibe and Okafoagu, 2007). The major pathway for bio-ethanol
production from biomass is biochemical conversion through saccharification and fermentation
(Balat, 2011). Bioethanol producing nations depend on sugarcane (Brazil), sugar beets (Europe),
cassava (China, Thailand), sorghum (India, Philippines), Corn (USA). The production of
bioethanol from these feedstocks could cause adverse effects due to its edibility. These
challenges could be reduced through the use of non-edible grasses and wastes cellulosic/
lignocellulosic biomass such as switch grass (Panicum virgatum), Miscanthus sp giant reed
(Arundo donax) and reed canary grass (Phalaris arundinacea) (Lewandowski et al.,2003),
elephant grass (Pennisetum purpureum) (Ohimain, 2013), wild sorghum etc.

Lignocellulose materials are abundant renewable resource for the production of bio-fuel. The
major components of lignocelluloses are cellulose, hemicellulose and lignin while the minor
components are extractive liquid and ash.

Nigeria is the highest producer of cassava in the world, producing higher than Brazil, Thailand
and Indonesia. Industrial and local processing of cassava to food and other product has led to
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useful products (Mohammed et al, 2013). In Nigeria, corn is processed to a variety of diets
including pap which is a major diet for weaning, and the capacity for corn production in Nigeria
is high (Orji et al, 2016). Corn cobs form 30% of maize agro wastes (Zakpaa et al, 2009). These
wastes end up polluting the surface and underground water (Mohammed et al, 2013). Most of
the ethanol utilized in the country are imported, which involves spending huge amount of
foreign exchange. Nigeria can explore the abundant agricultural wastes to produce enough
ethanol for consumption and exportation.

In our previous study (published), it was possible to hydrolyse cassava fibres and corncobs
using various concentrations of sulphuric acid and hydrochloric acid. The hydrolysed substrates
were thereafter used for bioethanol production (Okpalla and Eleanya, 2020).

The aim of this work was to carry out optimization of bioethanol production from cassava
fibres and corncobs using palmwine yeast.

2. Materials and Methods

Isolation of yeast from palmwine

A Sample of fresh palmwine from raffia palm was collected in a pre-sterilized container and
immediately transported to the Department of Microbiology Laboratory at Chukwuemeka
Odumegwu Ojukwu University, Uli Anambra State. The palmwine was allowed to stand for 12 h
and thereafter 10 fold serial dilution was performed and aliquot of 0.1 ml of 10°° of dilution was
inoculated on plates of Malt Extract Agar (MEA) using the spread plate technique. The plates
were incubated at 27 °C for 48 h. The isolated colonies with distinct morphological appearances
were aseptically sub-cultured in freshly prepared agar plates and incubated at 27 °C for 48h. A
distinct colony was selected from all the agar plates and pure culture of it was preserved in agar
slant. The morphological characteristics were observed by adopting the method of Ogbo (2005).

Molecular characterization and identification of the palmwine yeast

The pure culture of the yeast was sucultured into fresh agar Malt Extract Agar plates and sent
to Macrogen Inc. Seoul Republic of South Korea for molecular identification.

Inoculum preparation:

Two(2) loopfuls of the palmwine yeast were collected from the agar slant and inoculated into a
test tube containing 2 %(w/v) glucose solution. The solution was incubated for 24 h under room
temperature.

Effect of fermentation time on bioethanol production from hydrolysed corncobs and
cassava fibres by the palmwine yeast

The effect of fermentation time on bioethanol production from hydrolysed corncobs and cassava
fibres by the palmwine yeast was determined. Each of the hydrolysed corncobs and cassava
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fibres (150g) was added into each cotton plugged vessels (4L size) containing 1 litre of sterile
distilled water and pH was adjusted to 5.0. The fermentation medium was sterilized and
thereafter one percent (v/v) of a 24h seed inoculum of the palmwine yeast was used to inoculate
the medium. The fermentation was carried out at 27°C for 168 h. At interval of 24 h, samples
were taken from the medium and used for determination of ethanol, reducing sugar
concentration and pH.

Effect of inoculum size on bioethanol production from hydrolysed corncobs and cassava
fibres by the palmwine yeast

The effect of inoculum size on bioethanol production from hydrolysed corncobs and cassava
fibres by the palmwine yeast was studied. Each of the hydrolysed corncobs and cassava fibres
(150¢g) was added into each cotton plugged vessels (4L size) containing 1 litre of sterile distilled
water and pH was adjusted to 5.0. The fermentation medium was sterilized and thereafter
different inoculum sizes (0.5, 1, 1.5 and 2.0% v/v) of the palmwine yeast were used to inoculate
the various media. The fermentation was carried out at 27 °C for 72 h in the case of corncobs,
while 96h was used for cassava fibres. Experiments were performed in duplicate and samples
were collected and used for the determination of ethanol.

Effect of substrate concentrations on bioethanol production by the palmwine yeast

The effect of substrate concentrations on bioethanol production from hydrolysed corncobs and
cassava fibres by the palmwine yeast was determined. Various concentrations (100 — 200 g/l) of
hydrolysed corncobs and cassava fibres were added into each cotton plugged vessels (4L size)
containing 1 litre of sterile distilled water and pH was adjusted to 5.0. The fermentation medium
was sterilized and thereafter one percent (v/v) of a 24h seed inoculum of the palmwine yeast was
used to inoculate the medium. The fermentation was carried out at 27 °C for 72 h in the case of
corncobs, while 96h was used for cassava fibres. Experiments were performed in duplicate and
samples were collected and used for the determination of ethanol.

Effect of UV irradiation on Bioethanol production from hydrolysed corncobs and cassava
fibres by the palm wine yeast

UV irradiation of palmwine yeast

The method of Singh and Sharma (2015) was adopted. The palm wine yeast (Saccharomyces
cerevisiae strain DBVPG6765) culture was diluted by ten fold serial dilution method.
Aseptically, 0.1 ml was collected from dilution 10 and spread plated on Malt Extract Agar
Petri-dishes. The Petri-dishes were exposed to UV light at a distance of 55cm at various time
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intervals (5, 10, 15, 20 and 25 min). The treated Petri-dishes were covered with dark paper and
incubated in the dark at 27°C for 3 days. A mutant strain of Saccharomyces cerevisiae strain
DBVPG6765 developing on one of the agar plates was subsequently subcultured on malt extract
agar and preserved in agar slant.

Bioethanol production by mutant of the palmwine yeast (Saccharomyces cerevisiae strain
DBVPG6765)

The effect of fermentation time on bioethanol production from hydrolysed corncobs and cassava
fibres by the mutant strain of the palmwine yeast was determined. Each of the hydrolysed
corncobs and cassava fibres (150g) was added into each cotton plugged vessels (4L size)
containing 1 litre of sterile distilled water and pH was adjusted to 5.0. The fermentation medium
was sterilized and thereafter one percent (v/v) of a 24h seed inoculum of the mutant was used to
inoculate the medium. The fermentation was carried out at 27 °C for 72 h in the case of corncobs,
while 96 h was used for cassava fibres. At the end of fermentation, sample of the medium was
collected and used for determination of ethanol.

Ethanol determination

The method of lzah and Ohimain, (2015) was adopted. The percentage ethanol yield was
determined with this formula

% Ethanol yield = Volume of distillate x 100
Volume of sample

Determination of Reducing Sugar

Reducing sugar was estimated using the method of Miller(1959). One millilitre of
Dinitrosalicyclic acid (DNS) was added to 1 ml of the hydrolysates in test tubes and mixtures
heated in a water at 100 °C for 10 min. The test tubes were cooled rapidly in tap water and
volume adjusted to 12 ml with distilled water. A blank containing 1ml of distilled water and 1ml
of DNS was prepared. The optical density (OD) was read against the blank in a
spectrophotometer at 540 nm. The concentration of the reducing sugar was estimated from
standard glucose curve.

pH determination

The pH was determined in-situ using pH meter (Hanna model 9605).
Statistical analysis

The data generated from the study were analysed using T test (unpaired, 2 tail).

GSJ© 2020
www.globalscientificjournal.com



GSJ: Volume 8, Issue 6, June 2020
ISSN 2320-9186 737

3. Results

The yeast strain isolated from raffia palmwine was identified as Saccharomyces cerevisiae
DBVPG6765

Figure 1 shows the effect of fermentation time on bioethanol production from corncobs by
Saccharomyces cerevisiae DBVPG6765. Maximum ethanol yield 8.0 (%v/v) was recorded at 72
h and the yield reduced progressively with increase in fermentation time. It was noticed that both
the pH and reducing sugar, decreased progressively till the end of the fermentation. . There was
no significant difference in ethanol yield between cassava fibre and corn cob.

M Ethanol yield(%v/v)
4 B Reducing sugar(mg/ml)

mpH

Ethanol yield/Reducing sugar/pH

0 24 48 72 9% 120 144 168

Fermentation time (h)

Figure 1: Effect of Fermentation Time on Bioethanol production from corncobs by
Saccharomyces cerevisae DBVPG6765
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The effect of fermentation time on bioethanol production from cassava fibre by Saccharomyces
cerevisiae DBVPG6765 is as shown in Figure 2. Maximum ethanol yield 6.8 (%v/v) was
recorded at 96 h and the yield reduced progressively with increase in fermentation time. It was
noticed that both the pH and reducing sugar, decreased progressively till the end of the
fermentation. There was no significant difference in ethanol yield between cassava fibre and corn
cob.

m Ethanol yield(%v/v)
® Reducing sugar(mg/ml)

mpH

Ethanol Yield/Reducing sugar/pH
D

0 24 48 72 96 120 144 168
Fermentation time(h)

Figure 2: Effect of Fermentation Time on Bioethanol production from cassava fibres by
Saccharomyces cerevisae DBVPG6765.

Figure 3 shows the results of the effect of inoculum size on bio-ethanol production from
corncobs and cassava fibres by Saccharomyces cerevisiae DBVPG6765. Optimum ethanol yield
of 8.0 and 6.8 (%v/v) was produced by 1(%v/v) inoculum size for both corncobs and cassava
fibres respectively.
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M Cassava fibre

m Corn cob

Ethanol yield (%v/v)

1 1.5 2
Inoculum size (%v/v)

Figure 3: Effect of inoculum size on bio-ethanol production from corncobs and cassava
fibres by Saccharomyces cerevisiae DBVPG6765.

The results of the effect of substrate concentrations on bioethanol production from corncobs
and cassava fibres by Saccharomyces cerevisiae DBVPG6765 is shown in Figure 4.. Optimum
ethanol yield of 8.7 and 7.3 % (v/v) was obtained using 200 g/l concentration for both corncobs
and cassava fibres respectively.
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Figure 4: Effect of substrate concentration on bio-ethanol production from corncobs and
cassava fibres by Saccharomyces cerevisae DBVPG6765.

Table 1 shows the results of the effect UV irradiation on Saccharomyces cerevisiae for bio-
ethanol production from corncobs and cassava fibres. Ethanol yield of 8.9 and 7.5 (%v/v) was

obtained from corncobs and cassava fibres respectively.
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Table 1: Ethanol yield from corn cob and cassava fibre using the mutant strain of
Saccharomyces cerevisiae DBGVG6765

Substrate Ethanol yield (%v/v)
Corn cob 8.9

Cassava fibre 75

4. Discussion

In this research it was observed that the optimum ethanol production from hydrolyzed cassava
fibres by the palmwine yeast was at 72 h. This was in contrast with the report of Akponah and
Akpomie (2012), who observed enhanced ethanol yield from cassava effluent after 24 h. Again,
it was observed in this study that reducing sugar concentration decreased progressively with
increase in fermentation time, this is similar to the findings of Akponah and Akpomie (2012) and
Akponah (2011). The progressive decrease In reducing sugar concentration could be due to the
efficiency of the yeast in the utilization of reducing sugars. Decrease in reducing sugar
concentrations beyond the time for maximum ethanol yield in both substrates could be attributed
to increased production of aldehydes, phenols, lactic acid and an increased tolerance of the
palmwine yeast to ethanol (Shyam et al., 2011). According to the report of Archibong et al.
(2016), yeasts isolated from natural sources such as palmwine possess a very high level of

ethanol and sucrose tolerance that enables them to grow well in various substrates.

Maximum ethanol yield was obtained using 1% (v/v) inoculum size, while higher inoculum sizes
produced lesser yield of ethanol as reported in this work. This observation is in contrast with the
report of Bukhari and Loh (2015) and Udharayaraja and Narayanan (2012), who observed that
10%v/v inoculum size produced highest ethanol yield.

It was observed in the study that the ethanol yield increased with increase in substrate
concentration. This finding corroborated the report of Shyam et al. (2011), who observed an
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increase in ethanol yield with increase in substrate concentration (1-10%). However, a
contradictory report was made by Magnaye et al. (2015), who observed that substrate
concentration was inversely proportional to the percentage ethanol yield from elephant foot yam.
Utilization of substrate during fermentation might have been influenced by various factors such

as pectin, complex sugar, hemicelluloses, fiber and lignin.
5. Conclusion

The work has been able to establish that cassava fibre and corncob could be used as substrates
for bioethanol production. It has also revealed that optimization of some parameters enhanced
the yield of bioethanol produced. Further research is needed to study the optimization of other

parameters for optimum bioethanol accumulation by Saccharomyces cerevisiae.
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