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ABSTRACT 

Agricultural wastes arise from several agricultural activities and might later become 
environmental encumbrances if not properly utilized. Three agricultural wastes; Orange Peel 
(OP) Sugarcane bagasse (SB) and Banana Peel (BP) were dried, pulverized and utilized for 
bioethanol production using Saccharomyces cerevisiae in 250ml Erlenmeyer flask. The 
anaerobic fermentation was carried out by adding 40 g/L of each agricultural waste to triplicate 
samples of the 50 ml fermentation media. Fermentation broths with 40 g/L of glucose in the 
fermentation media served as control. Fermentation bioreactors were incubated at 30oC and 
samples were withdrawn for ethanol test at 3 h intervals for a period of 24 h. The maximum 
bioethanol (g/L) obtained from these wastes were 5.62, 4.00, 3.43 g/L in OP, SB and BP 
respectively. The control samples recorded an average bioethanol concentration of 6.75 g/L. This 
study shows that the conversion of agricultural wastes for biochemical production is a viable 
means of mitigating pollution, climate change and other problems associated with wastes 
generation. Future application of pretreatment and optimization of this study could enhance 
higher recovery of bioethanol from the materials and encourage scale-up biorefinery for 
bioethanol production. 
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Introduction 

The increasing world energy demand is 
driving the use of biofuels as alternative 
source of energy and liquid biofuels 
contributes up to 40% of the world’s total 
energy consumption (Tan et al., 2008).  
Factors such as increase in technology, 
growth in human population and 
industrialization are the major reasons for 
driving the upsurge in the energy demand 
(Demirbas 2010). In years to come, energy 
demand will be enormous for one energy 
source, especially fossil fuel, to cope with. 
Energy from biological sources does not only 
help make fuel readily available, they are 
renewable and also encourage green 
technology for energy sources (Kiran et al., 
2014). Thereby, they immensely contribute to 

mitigation of climate change and 
sustainability of the environment (Demirbas 
and Balat 2006) 

Bioethanol is one of the leading biofuel used 
as alternative energy to fossil fuels. It is 
chemically known as ethyl alcohol with the 
molecular formula C2H5OH.  It is sometimes 
used in pure form or combined in ratios with 
petroleum to power engines and it posses lots 
of advantages over fossil fuel (Staniszewski, 
et al., 2007; Balat and Balat 2009; John et al., 
2011).  It is an energy source derivable from 
agricultural wastes that poses no threat to 
important agricultural produce that supplies 
the food chain (Daroch and Mos 2011; Ishola 
et al., 2014).  
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Agricultural wastes are produced in tones 
during the processing of food material and 
agricultural operations. Waste from several 
agricultural activities can become 
environmental pollutant if not properly 
managed and utilized. These wastes find their 
ways into the dung hill, get burnt and become 
environmental pollutants due to improper 
waste disposal (Chan 2017; Yadav and Devi 
2018). Agricultural wastes are ligno-cellulosic 
materials whose major content is cellulose, 
hemicellulose and lignin. Their percentage 
compositions vary from one plant to another 
and may occur in range 35-50% cellulose, 20-
35% hemicellulose, and 5-30% lignin 
(Amarasekara 2013). The presence of these 
polymers serves as energy source for growth 
and production of chemicals by 
microorganism. 

This study sought to isolate bioethanol 
producing organism for fermented corn and 
utilize agricultural wastes as the sole source 
of carbon for bioethanol production in simple 
anaerobic bioreactor.  

Materials and methods 

Agricultural wastes 

Agricultural wastes (Orange peel, sugarcane 
baggase and banana peel) used for this study 
were collected from a local market, Bodija 
market, Ibadan. These wastes were oven 
dried, pulverized and Sieved with 2 mm sieve.  

Isolation of organism 

Microorganism, Saccharomyces cerevisiae, 
used for bioethanol production was isolated 
from fermented blended-maize popularly 
called pap.  1g of local pap was weighed into 
a test tube already containing 9 ml of distilled 
water under aseptic conditions. Pap aliquot 
was subjected serial dilution 101 - 1010 

sterilized distilled water. 1 ml of the diluted 
solutions in 103, 105, 107 and 109 tubes were 

transferred to sterile Petri dish containing 
Potatoe Dextrose Agar (PDA). 1 ml of sterile 
disttiled waster was transferred to PDA to 
serve as control. The inoculated plates were 
incubated at 37 oC for 24 h. The viable colony 
grew forming units and they were 
morphologically observed.  

Fermentation medium and fermentation 
procedure 

Media used for bioethanol production was 
prepared with 9g yeast, 0.5g KH2PO4, 0.5g 
(NH4)2SO4, 0.125g MgSO4  all in one liter. 50 
ml of the media prepared with these 
constituents and 40 g/L glucose serves as 
control, while 40 g/L of the agricultural waste 
added with 50 ml of the media were used in 
each case. A simple bioreactor was designed 
to consist of a 250 ml Erlenmeyer flask, 5 ml 
syringe and a cork to keep the fermentation in 
perfect anaerobic conditions.  The bioreactors 
were autoclaved at 121°C at 0.5mpa for 15 
min and kept till use. 

Inoculums used for the experiments were 
standardized against McFarland Standard 
solution.  1.0 McFarland standard was 
prepared using 0.10 ml of 1% BACL2 and 
9.90ml of 1% H2SO4. Saccharomyces 
cerevisiae grown on PDA as described above 
were introduced to sterilized distilled water 
and compared with 1.0 McFarland standard 
solution. The resulting solution contains 
approximately 3.0 x 108 of the yeast (Murray 
et al., 1999).  5 ml of the standardized 
solution was introduced to each of the 
bioreactor flask and kept at 30 oC for 
fermentation to occur. All the experiments 
were carried out in triplicate and cultures with 
pure glucose served as control.  

Analytical methods 

Ethanol concentration was determined by the 
principle of complete oxidation of alcohol to 
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carboxylic acid in the presence of good 
oxidizing agent (eqn i and ii) 

ROH              RCHO……..eqn i 

RCHO              RCOOH…eqn ii 

In this study, acidified potassium dichromate 
solution was used as the oxidizing agent to 

determine the ethanol from the fermented 
substrate. Acidified potassium dichromate is a 
good oxidizing agent which oxidizes ethanol 
to ethanoic acid accompanied by color 
changes from orange to green (eqn iii). 

2K2Cr2O7 + 8H2SO4 + 3CH3CH2OH  2Cr2(SO4) + 2K2SO4 + 3CH3COOH + 11 H2O….eqn iii 

                                                  Orange-yellow alcohol                                                        blue-green 

Based on the above principle, a standard 
curve was prepared with known concentration 
of ethanol (0, 0.5, 1.0, 2.0, 4.0 and 6.0 g/L) 
which were subjected to ethanol test. The 
volume of each standard was made up to 1 ml 
by distilled water and 4 ml of K2Cr2O7 was 
added to each test tube and mixed thoroughly 
with a vortex mixer. The aliquots were 
incubated at 55°C for 10 min and absorbance 
was read at 600 nm. A standard curve of 
absorbance against concentration of ethanol 
was plotted.  

1.5 ml Sample was withdrawn from the 
bioreactor at 3 h interval and centrifuged at 
4000rpm for 3 min. 1 ml of the supernatant 
was subjected to the ethanol concentration 
determination described above.  

Results and discussion 

The PDA media used supported the growth of 
and the proper isolation of the organism used 
for this study. Pure cultures of the organism 
grew on the plates and the colonies population 
occurred commensurately to the serial 
dilution (Fig. 1). Although, there are many 
organisms that could produce ethanol during 
fermentation, Saccharomyces cerevisiae is an 
excellent producer of ethanol (Bhadana and 
Chauhan 2016; Azhar et al., 2017). One of the 
advantages of isolation and utilization of 
organism from local sources is that it is cheap 
and could reduce the cost production of 
important chemicals used by the industries 
(Kasavi, et al., 2012; Lin et al., 2012). On the 
other hand, it also provides avenue for the 
discovery of novel strains that could better the 
previously used ones in the laboratory and 
industry.   

Figure 1: Growth and morphology of Saccharomyces cerevisiae isolated from pap 

The method used for ethanol estimation in the standard proved efficient with the standard curve 
having a regression R2 = 0.996 with the linear equation y = 0.013 + 0.001 (Figure 2)   

              103                    105                      107                                    109                          Control 
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Figure 2: Standard curve for bioethanol determination  

The result of this study showed that the 
fermentation of agricultural wastes could 
produce bioethanol. The maximum amount of 
bioethanol obtained from the fermentation 
broths were 6.75, 5.62, 4.00, 3.43 g/L in the 
control, OP, SB and BP respectively (Fig 3). 
Previous studies have used wide range of 

agricultural wastes as substrates for ethanol 
production. These include 
coconut fibre, Banana pseudo stem, sugarcane 
bagasse and oil palm empty fruit bunches 
(Gonçalves et al., 2016; Ingale et al., 2014; 
Dias et al., 2009; Ishola 2014). 
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Figure 3: Concentration of bioethanol produced from Saccharomyces cerevisiae 
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The highest value of bioethanol obtained from 
the control could be due to the purity of the 
sugar used for this group and attain the overall 
maximum obtained in this study. It was 
observed that fermentation began earlier in 
the control flasks and maximum ethanol 
produced was obtained at 18 hr. the 
concentration decline thereafter, probably due 
to the quick exhaustion of the pure energy 
source present in the media. Fermentation of 
agricultural wastes for bioethanol production 
was not spontaneous as observed in the 
control. These wastes are lignocellulosic 
material whose sugar constituents may not be 
easily accessible as those in the control with 
pure sugar. Agricultural wastes are made up 
of materials such as lignin, cellulose and 
hemicellulose. The lower yield of bioethanol 
obtained from the agricultural wastes when 
compared to the control could be due to the 
inaccessible nature of the sugar polymers in 
the wastes (Mosier et al., 2005). The 
organism could not easily access the sugars 
for growth due to the recalcitrant nature and 
the inhibitory components of the 
lignocellulosic material (Palmqvist and Hahn-
Hagerdal 2000). Together, these results open 
new opportunities for bioprocess 
developments for the conversion of 
agricultural wastes for bioethanol production.   

Conclusions 

An efficient process for production of 
bioethanol using agricultural waste was 
developed with the simple laboratory 
anaerobic bioreactor. This process clearly 
shows the possibility of diverting agricultural 
wastes to wealth via the production of an 
important industrial chemical. This process 
will contribute immensely to making our 
environment clean and have significant 
impact on the reversal of climate change. 
Though the amount of bioethanol obtained 
from this study is not bogus, it could be 

improved on by the application of 
pretreatments to the lignocellulosic materials 
for higher recovery of their sugar contents. 
Likewise, optimization of the fermentation 
conditions will provide an adoptable method 
for industrial scale production of bioethanol. 
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