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Abstract
Biofuel is a transportation fuel that is created from biomass materials, which are
renewable, organic material originating from plants and animals. In this study, fruit peels were
used as the biomass materials to be fermented by Saccharomyces cerevisiae into bioethanol.
Using this experimental methodology, this study aims to investigate the optimal volume of yeast
solution to obtain the greatest volume of bioethanol after the fermentation process. Therefore, in
this study, we utilized S. cerevisiae which has been proven to be effective in the fermentation of
fruit peels into bioethanol, as well as peels from the fruit Citrus sinensis. To maximise the sugar
concentration in the experiment, lignin removal was conducted using aqueous sodium hydroxide,
followed by acid hydrolysis using hydrochloric acid to break down the cellulose in the fruit peels
into the monosaccharides glucose, fructose and xylose. Different volumes of solutions of S.
cerevisiae were incubated with the fruit samples for 147 hours, and the increase in volume of the
mixture was identified. The volume in the control setup remained constant. As the volume of
yeast solution added increases, the increase in volume increases. However, when the volume of
yeast solution added increased from 5.0ml to 6.0ml, the increase in volume remained constant at
6.0ml. Thus, the optimal concentration to produce the greatest yield of bioethanol should be
between 5.0ml and 6.0ml.
1. Introduction
Biofuel is a transportation fuel that is created from biomass materials, which are
renewable, organic material originating from plants and animals. Fruit processing industries
contribute more than 500 million tons of waste worldwide, and these fruit production waste,
inclusive of fruit peels and seeds can be used to extract valuable chemicals such as pectin and
lipids. In addition, the large number of wastes produced from the majority of the extraction
process can be further developed as renewable sources for production of biofuels (Banerjee et al.,
2017).
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Biofuel can be produced through various methods; however, it is generally done through
chemical reactions, metabolic engineering, fermentation as well as heat to break down sugar and
starch molecules in the feedstock, which are plants (Nunez, 2021). Countries such as the United
States of America (USA) and Brazil, the top two biofuel producers in the world, have
spearheaded the implementation of biofuel in their fuel, with their fuel typically having 10% and
27% of biofuel respectively, with the remainder being gasoline (Kang & Lee, 2015).
Various fungi and bacteria possess the ability to degrade cellulose, lignin and other plant
polymers in the fermentation process to produce biofuel, as justified by research conducted in the
mid-twentieth century. Yeasts can be used to directly ferment simple sugars into ethanol while
other types of feedstocks must be converted to fermentable sugars before it can be fermented to
ethanol (Mohd Azhar et al., 2017). The high amount of carbohydrates, such as sugars in fruits,
offer the ideal raw material to be converted into biological biofuel (Taghizadeh-Alisaraei et al.,
2017). Saccharomyces cerevisiae is the most commonly employed yeast in industrial bioethanol
production as it tolerates a wide range of pH (Mohd Azhar et al., 2017). In which these
researches on biofuels were intensified after the oil shock in 1973 to 1974, expanding into
exploration of avenues to branch into commercialization (Elshahed et al., 2010). Microorganisms
that have been used in the fermentation of foodstock into biofuels include the yeast S. cerevisiae,
and the bacteria Escherichia coli (Kang & Lee, 2015).
However, when fruits with lower sugar contents are used, the production of biofuel may
be instead detrimental as more energy is used in the production process than what is conserved.
On the other hand, citrus fruits (Citrus sinensis, Citrus limon, Citrus maxima, etc.) contain high
amounts of sugars and polysaccharides, as well as organic acids, nitrogenous constituents and
lipids; carotenoid colour pigments; vitamins and minerals, and flavonoids; limonoid glucosides.
The high amount of carbohydrates in the form of polysaccharides along with sugars offer the
ideal raw material to be converted into biological biofuel (Taghizadeh-Alisaraei et al,. 2017).
Using statistics from their home nation, Iran, for comparison, the researchers found that in 2014,
citrus fruits produced 682,987.97 tonnes of waste, from which 27 million litres of biofuel
(ethanol) was produced. This equates to approximately 40 litres of biofuel per 1 tonne of citrus
waste. Therefore, the effectiveness and feasibility of usage of specifically citrus waste in the
production of biofuel has been shown above, making the waste fruits under the Citrus genus to
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be excellent specimens to be used as the feedstock. With their high sugar content, we will use
citrus fruit peels in this experiment so that it is more energy efficient.
In recent years, the demand for biofuel has been on a continuous increase due to its
significant economic importance (Casabar et al,. 2019). According to the U.S. Energy
Information Administration (EIA) in 2020, bioethanol can be blended with petroleum fuels to
burn cleaner, reducing air pollution. With biofuel being an environmentally-friendly fuel source
due to it being a cleaner-burning fuel as compared to pure gasoline, as well as providing an
alternative to crude oil, it also reduces the need for extraction of these non-renewable
underground oils. Usage of fruit wastes as alternative biofuel is also beneficial in terms of legally
reducing sources of wastes and reducing wastewater burden on biological treatment plants
(Eleren et al,. 2017).
Main areas of implementation of biofuel include the transport sector, namely the aviation
and shipping industries. In the USA, over 150,000 flights have utilized biofuel; however, in
2018, the total amount of biofuel produced for aviation accounted for less than 0.1% of total fuel
consumption. Moreover, in shipping, only approximately 22 megatonnes of oil equivalent (Mtoe)
had been utilized, far below the 2030 expectations set by the International Energy Agency
(Nunez, 2021). The USA is averaging an annual production growth of about 1.9% and Brazil’s is
at 1.7%, whereas an average annual production growth of 7% and 5% respectively is required to
meet the ideal Sustainable Development Scenario (SDS), and thus both nations are not on track
to fulfil meet this SDS demand. Worldwide, an increase to support 9% of global transport fuel
demand in 2030, from 3% in 2018, is the intended goal (International Energy Agency [IEA],
2020). The importance of a major shift towards usage of biofuels has been further strengthened
by the IEA’s SDS, along with its goal for a more sustainable environment in the future.
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2. Objective and Hypothesis
This study aimed to investigate which fruit peels, from C. sinensis, C. limon and C.
maxima, produce the highest yield of bioethanol. It also aimed to investigate the optimal volume
of yeast solution that would produce the greatest volume of bioethanol after the fermentation
process of the citrus fruits. We hypothesized that C. sinensis has the greatest yield of bioethanol,
in addition to hypothesizing that as the volume of yeast solution increased, the volume of
bioethanol produced would increase until an optimum concentration was reached.
3. Methods and Materials
Obtaining of Materials
Orange (C. sinensis) peels from Sunkist brand oranges were collected from a fruit juice
stand. Other apparatus and S. cerevisiae were obtained from the Science Research Centre to be
used in the experiment.
Grounding of Orange Peels
200g of orange peels were broken up into small pieces by hand and mixed with 300ml of
deionised water. They were then blended with a blender for 5 min, until a smooth consistency
was obtained. The mixture was then filtered using a sieve and then the filter bag to fully separate
the solid grounded peels from the juice mixture. Both products were then autoclaved for 60 min.
The juice mixture was collected and kept in the refrigerator while the solid grounded peels were
separated into different beakers of 50g each for more efficient alkaline pretreatment and acid
hydrolysis.
Alkaline Pretreatment
100ml of deionised water was mixed with 100ml of 1.0M NaOH solution to prepare the
2% w/w NaOH solution, where 50ml of the solution was added to each beaker of fruit peels. The
reaction was allowed to take place at 121°C for 60 min on a hot plate for lignin to be solubilized
and extracted from the cells of the fruit peels. A magnetic stirrer was used to mix the fruit peel
mixture constantly. The final mixture was centrifuged for 10 min at a temperature of 25.0°C and
a speed of 11000 rpm. The resulting supernatant was removed via decantation before rinsing the
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pellets with 50ml of deionised water to remove impurities, where they were then collected for
use in the acid hydrolysis process.
Acid Hydrolysis
500ml of deionised water was mixed with 100ml of 1.0M HCl solution to prepare the 6%
w/v HCl solution, where 50ml is added to each beaker of fruit peels for cellulose in the fruit
peels to be broken down into useful products for the fermentation process, such as glucose,
fructose and xylose. The reaction will be allowed to take place at 75°C for 60 min on a hot plate.
A magnetic stirrer was used to mix the fruit peel mixture constantly. The final mixture was
centrifuged for 10 min at a temperature of 25.0°C and a speed of 11000 rpm. The resulting
supernatant was removed via decantation before the pellets were rinsed with 50ml of deionised
water to remove impurities. The fruit peels were then collected for use in the incubation and
fermentation process.

Fig. 3.1: Setup for alkaline treatment and acid hydrolysis
S. cerevisiae Inoculation
Under a laminar flow cabinet, 11.0ml of potato dextrose broth was added to two separate
50ml centrifuge tubes. Two samples of S. cerevisiae were then scraped off using an inoculation
loop, with each sample placed in each tube. The tubes were then incubated in the shaking
incubator at 32.3°C for 20 hours.
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Incubation and Fermentation of Fruit Peels with S. cerevisiae
15g of fruit peels and 20g of the collected juice mixture were weighed on an electronic
mass balance and used for each of the 7 samples (as shown in Fig. 2 below), with each sample
being stored in 50ml centrifuge tubes. 0ml (control), 1.0ml, 2.0ml, 3.0ml, 4.0ml, 5.0ml and 6.0ml
of the S. cerevisiae solution was added to each of the 7 centrifuge tubes. The samples were then
incubated in the shaking incubator at 32.3°C for 147 hours.

Fig. 3.2: Preparation of Samples for Incubation and Fermentation
Quantification of Bioethanol
Due to the time constraints imposed by the COVID-19 pandemic, the process of
fractional distillation was unable to be carried out. Thus, the best alternative solution to quantify
the volume of bioethanol produced after the fermentation process was by measuring the increase
in volume, since only ethanol is produced via the fermentation reaction, with carbon dioxide as a
byproduct. With this methodology, the final volume of mixture within each 50ml centrifuge tube
was measured using a 50ml measuring cylinder. Then, the increase in volume of mixture was
then calculated to determine the optimal volume of yeast solution that should be added.

6

4. Results and Discussion
Orange peel extract was prepared and yeast fermentation was conducted. The optimal
volume of yeast solution could be estimated based on the graph in Fig. 4B.

A

B

C
Fig 4: Effect of volume of yeast solution on the increase in volume/ml and final volume of
mixture/ml
A: Image showing the final volumes of mixtures in the seven 50ml centrifuge tubes (Greatest to smallest volume of
S. cerevisiae solution added; left to right) B: 15g of orange peels and 20g of juice mixture was added to different
volumes of S. cerevisiae, and left in a shaker incubator at 32.3°C for 147 hours. Upon completion, it can be observed
that as the volume of S. cerevisiae added increased, the increase in volume of the mixture increased. C: As the
volume of yeast solution added increased, the final volume of the mixture increased.
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When the volume of yeast solution added increased from 1.0ml to 5.0ml, the increase in
volume of the mixture increased from 2.0ml to 6.0ml. However, when the volume of yeast
solution added increased from 5.0ml to 6.0ml, the increase in volume remained at 6.0ml. As the
volume of yeast solution increases, there is an increased rate of the formation of
enzyme-substrate complexes. Thus, more sugar molecules will be fermented into ethanol when
S. cerevisiae respires anaerobically, in the reaction shown below.
C6H12O6 → 2C2H5OH + 2CO2
As shown in Fig 4B, an outlier is present when 3.0ml of yeast solution was added, where
the increase in volume decreased to 3.5ml. With this set of results, the optimal volume of yeast
solution is predicted to be around 5.0ml.
The results reflected that the volume of mixture had increased, which is a possible
indication of bioethanol being synthesized. However, due to limitations, further proof was unable
to be obtained.
With reference to other studies, maximum ethanol production was obtained at 400°C
from orange (C. sinensis) peels by fermentation using S. cerevisiae. Under optimal pH and
temperature conditions, and an incubation period of 48 hours, the yield of ethanol peaked at
5.07% v/v, with the use of S. cerevisiae to ferment the C. sinensis substrate (Lin et al., 2012).
Limitations and Areas of Improvement
Due to COVID-19 restrictions, an inadequate amount of fruit peels were obtained within
the time frame to conduct triplicates for the experiment. This implies that the accuracy of the
results may be limited and future research has to be conducted to find out a more accurate value
of the yield of ethanol produced, allowing for the most optimal condition for biofuel production.
With the time constraints set by the COVID-19 pandemic, the aims of the study were
unable to be fully fulfilled. We were unable to obtain an adequate amount of each type of fruit
peels due to the COVID-19 restrictions, thus we were unable to test for the citrus fruit peels with
the greatest yield of bioethanol. In addition, the use of fractional distillation to distill bioethanol
produced via the fermentation process, followed by utilising a hydrometer to quantify the
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concentration of bioethanol, was also not included in the study, resulting in a potential decrease
in the accuracy of the quantification of bioethanol.
Another limitation due to experimental errors includes the transferring of substances from
one apparatus to another. Due to the nature of our experiment, some material was lost after every
transfer, resulting in less accurate quantities of substances. However, this was minimized since
careful planning was taken to reduce the number of transfers.
Another limitation is that the volumes of yeast solution added were limited between 0ml
to 6.0ml. Given the time and logistical constraints, the use of a greater range of volumes of yeast
solution was unable to be conducted, thus limiting the precision of the study.
5. Conclusion and Recommendations for Future Work
In this study, using the results obtained by varying the volume of yeast solution added,
we have concluded that 5.0ml is the approximated optimal volume of yeast solution. With these
findings, the production process of biofuel can be optimized such that minimal resources are
used to make biofuel, allowing it to be energy efficient.
As mentioned in the literature review, the demand for biofuel has been on a continuous
increase due to its significant economic importance as a cleaner energy source. As climate
change progresses into a more pressing issue of the present day and age, people are becoming
more environmentally conscious than ever, opting for cleaner fuels like bioethanol to reduce
greenhouse gas emissions and thus reducing air pollution. By substituting our primary energy
source with biofuel, we are able to utilize the large amount of food waste produced to generate
more bioethanol, decreasing reliance on non-renewable and less environmentally friendly energy
sources, such as coal, natural gas and crude oil.
Future research can be done to further optimize the bioethanol production process.
Different types of fruit peels with different sugar contents can be tested. Under the alkaline
pretreatment stage, different concentrations and/or volumes of different alkalis can be tested.
Under the acid hydrolysis, different concentrations and/or volumes of different acids can be
tested as well. Under the fermentation process, different species of yeast and even bacteria can be
used to ferment the sugar content in different conditions, being varied by yeast/bacteria
concentration, temperature, fermentation duration, oxygen concentration, etc. With future
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research, these parameters can be set so that the biofuel production process is most efficient to
produce the greatest yield of bioethanol in the shortest amount of time.
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