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Abstract–The growing depletion of fossil fuel reserves and the associated environmental concerns have
intensified the search for sustainable and renewable energy alternatives. Bioethanol is a promising
renewable biofuel that can be produced through microbial fermentation of organic waste. The present study
investigated the feasibility of ethanol production from household organic waste using Saccharomyces
cerevisiae. Fruit peels, vegetable peels, sugarcane bagasse and leftover rice were collected, processed into
slurries and subjected to acid and enzymatic pretreatment to enhance the availability of fermentable sugars.
The pretreated substrates were inoculated with S. cerevisiae and incubated under submerged fermentation
conditions for 21–30 days. Ethanol was recovered using fractional distillation with a rotary evaporator at
78–79 °C. Qualitative confirmation of ethanol was carried out using the dichromate and Lucas tests, while
quantitative estimation was performed using UV–visible spectrophotometry. The highest ethanol
concentration was obtained from leftover rice (H”70%), followed by fruit peels (H”69.7%), bagasse (H”65%)
and vegetable peels (H”24%). The findings demonstrate that household organic waste can serve as an
economical and environmentally sustainable feedstock for bioethanol production, contributing to waste
valorization and renewable energy generation.

INTRODUCTION

Bioethanol is a renewable, non-polluting energy
source produced primarily through the
fermentation of sugars derived from biomass.
Increasing concerns regarding fossil fuel depletion,
greenhouse gas emissions and climate change have
led to intensified research on alternative energy
sources (Chandel et al., 2018; Zabed et al., 2017).
Conventional bioethanol production relies largely
on food-based feedstocks such as sugarcane and
corn, which raises issues related to land use, water
consumption and food security.

Household kitchen waste, including fruit and
vegetable peels, leftover rice and agro-industrial
residues such as sugarcane bagasse, is generated in
large quantities and is rich in carbohydrates.
Improper disposal of such waste contributes to
environmental pollution and greenhouse gas
emissions. The conversion of organic waste into
bioethanol offers a dual advantage of renewable
energy production and sustainable waste
management (Matsakas et al., 2014).

Saccharomyces cerevisiae is the most widely used
microorganism for ethanol fermentation due to its
high ethanol tolerance, robustness and efficiency in
converting glucose into ethanol. Effective
pretreatment and saccharification of waste
substrates are essential for improving sugar
availability and fermentation efficiency. The
objective of the present study was to evaluate the
production of bioethanol from selected household
organic wastes using S. cerevisiae and to analyse the
ethanol obtained using qualitative and quantitative
methods.

MATERIALS AND METHODS

Substrates

Household organic wastes, including fruit peels
(banana, orange and mixed fruit residues), vegetable
peels, leftover cooked rice containing starch, and
sugarcane bagasse, were used as substrates for
bioethanol production. These substrates were
selected based on their abundance, low economic
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value, and high carbohydrate content, which makes
them suitable for microbial fermentation (Matsakas
et al., 2014; Awogbemi et al., 2022). All substrates
were collected from household kitchens and local
vendors and processed within 24 h of collection to
minimise microbial spoilage.

Preparation of substrates

The collected substrates were washed thoroughly
with distilled water to remove adhering dirt and
contaminants. Fruit and vegetable peels were cut
into small pieces, shade-dried and ground using a
mixer grinder with the addition of distilled water to
obtain homogeneous slurry. Sugarcane bagasse was
air-dried, powdered and mixed with distilled water,
while leftover rice was homogenised to form slurry.
Submerged fermentation was employed, as liquid-
state fermentation has been reported to enhance
mass transfer, microbial accessibility and ethanol
yield compared to solid-state fermentation (Zabed et
al., 2017).

efficiency ( Jamaldheen et al., 2018). Enzymatic
hydrolysis was performed using amylase and
cellulase to further convert starch and cellulose into
glucose. Amylase was extracted from sweet potato
following ammonium sulphate precipitation, as
described by Ikemiya and Deobald (1966). Cellulase
activity was generated in situ using Aspergillus niger
cultures grown on potato dextrose agar, which is a
commonly employed method for cellulase
production (Salihu et al., 2015).

Table 1. Depicts the content of substrates and Ethanol
obtained.

S. no. Content of the Jar WT of jar Ethanol OBT

1 Fruit peels 833g 150 ml
2 Left over rice and rice water793g 340 ml
3 Leafy vegetables 866g 250 ml
4 Bagasse 52g 180 ml

 
Fig. 1. Jar containing fruit peels, vegetables and rice and

rice water slurry

Pretreatment and enzymatic hydrolysis

To enhance the release of fermentable sugars, the
prepared slurries were subjected to dilute acid
pretreatment followed by enzymatic hydrolysis.
Acid pretreatment was carried out using dilute
sulphuric acid to partially hydrolyse complex
polysaccharides into simpler sugars. This step
improves substrate digestibility and fermentation

Fig. 2. Jar containing bagasse slurry

Preparation of yeast inoculum

Saccharomyces cerevisiae was used as the fermenting
microorganism due to its high ethanol tolerance and
widespread application in industrial fermentation
processes. The yeast inoculum was prepared by
dissolving 3 g of Sabouraud’s broth powder in 100
mL of distilled water, followed by sterilisation by
autoclaving. After cooling, 5-6 granules of yeast
were inoculated into the broth and incubated at
ambient temperature for 24 h until turbidity was
observed, indicating active growth.

Fermentation process

Each pretreated substrate slurry was adjusted to a
pH of approximately 6.0 and inoculated with 2 mL
of the prepared yeast culture. Fermentation was
carried out under submerged anaerobic conditions
at ambient temperature for a period of 21-30 days.
Saccharomyces cerevisiae metabolised the
fermentable sugars to ethanol and carbon dioxide
according to the classical glycolytic pathway (Zabed
et al., 2017).

Ethanol recovery and purification

Following fermentation, the samples were filtered to



Ethanol Production from Organic Waste Using Saccharomyces Cerevisiae: A Sustainable Biofuel 149

remove residual solids. Ethanol was recovered using
fractional distillation with a rotary evaporator
operated at 78-79 °C, corresponding to the boiling
point of ethanol. Rotary evaporation enables
efficient solvent separation at reduced pressure and
lower temperatures, thereby minimising thermal
degradation (Chandel et al., 2018).

Table 2. Depicts the OD of the standard Ethanol solution.

Serial number Percentage of ethanol OD at 595 nm

1 0 0
2 40 0.442
3 50 0.55
4 60 0.602

Table 3. Depicts the OD of the sample solution.

Serial number Sample OD

1 vegetable peels 0.252
2 fruit peels 0.636
3 baggasse 0.598
4 rice and starch 0.639

Fig. 5. Percentage of ethanolFig. 4. Ethanol obtained

Fig. 3. Extraction of ethanol

Qualitative and quantitative analysis of ethanol

The presence of ethanol was confirmed qualitatively
using the dichromate test, based on the oxidation of
ethanol to acetic acid with a characteristic colour

change from orange to green (Timmer, 1986). The
Lucas test was employed to confirm the formation
of a primary alcohol (Ritter, 1953). Quantitative
estimation of ethanol concentration was performed
using UV–visible spectroscopy by comparing the
absorbance values of the samples with those of
standard ethanol solutions prepared at known
concentrations (Phanomsophon et al., 2019).

RESULTS AND DISCUSSION

All substrates produced ethanol upon fermentation,
although yields varied depending on substrate
composition. Leftover rice showed the highest
ethanol concentration (H”70%), followed by fruit
peels (H”69.7%), bagasse (H”65%) and vegetable
peels (H”24%). The higher yield from leftover rice
can be attributed to its high starch content and
efficient enzymatic hydrolysis. Similar trends in
ethanol production from kitchen waste substrates
have been reported previously; however, reported
yields are often lower or require process
optimisation, specialised enzymes or controlled
bioreactor conditions (Tang et al., 2008; Wang et al.,
2008; Uncu and Cekmecelioglu, 2011).

Compared with earlier studies, the present work
differs in several key aspects. Many previously
published studies on bioethanol production from
food or kitchen waste focus on optimisation studies
using response surface methodology, high enzyme
dosages, genetically modified or flocculating yeast
strains, and controlled fermentation systems (Tang
et al., 2008; Wang et al., 2008; Awogbemi et al., 2022).
In contrast, the present study demonstrates efficient
ethanol production using locally available
household waste substrates, a conventional strain of
Saccharomyces cerevisiae, and simple pretreatment
and fermentation conditions without the use of
sophisticated bioreactors or expensive commercial
enzymes. This highlights the practical applicability
of the process for small-scale or decentralised
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bioethanol production.
Furthermore, several recent studies emphasise

circular bioeconomy frameworks and integrated
waste management systems, often requiring
complex downstream processing and techno-
economic optimisation (Bibra et al., 2023; Kasirajan
et al., 2024). The present study instead focuses on
experimental feasibility and comparative yield
assessment across multiple waste substrates under
uniform conditions, providing clear insight into
substrate suitability. The comparatively high ethanol
yields obtained from leftover rice and fruit peels
indicate that carbohydrate-rich kitchen waste can
serve as an effective feedstock with minimal
processing requirements.

feasibility of converting organic waste into a
renewable biofuel, offering an environmentally
friendly approach to waste management and
sustainable energy production.
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Fig. 6. Dichromate Test

The dichromate test showed a characteristic
colour change from orange to green, confirming
ethanol presence, while the Lucas test indicated the
production of a primary alcohol. UV–visible
spectroscopic analysis enabled quantitative
estimation of ethanol concentrations using a
standard calibration curve. These analytical
approaches are consistent with established
qualitative and quantitative methods reported in
previous bioethanol studies (Timmer, 1986; Siggia
and Hanna, 1961).

Overall, the findings of this study contribute to
existing literature by demonstrating a low-cost,
easily reproducible approach to bioethanol
production from household organic waste, with
minimal infrastructure requirements and
competitive ethanol yields when compared with
previously published work.

CONCLUSION

The present study demonstrates that household
organic waste can be effectively utilised for
bioethanol production using Saccharomyces
cerevisiae. Among the substrates tested, leftover rice
yielded the highest ethanol concentration, followed
by fruit peels and bagasse. The study confirms the
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