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Abstract

Saccharomyces cerevisiae, widely known
as baker's or brewer’s yeast, is a unicellular fungus
with  exceptional industrial and scientific
relevance. Traditionally employed in food and
beverage fermentation, this yeast has evolved
into a cornerstone of modern biotechnology. Its
desirable features—rapid growth, Generally
Recognized as Safe (GRAS) status, and genetic
tractability—have enabled its application across
multiple domains, including biofuel generation,
pharmaceuticals, nutraceuticals, recombinant
protein production, wastewater treatment, and
genetic engineering. This review summarizes the
multifaceted roles of S. cerevisiae in diverse
industries and highlights its potential in shaping
sustainable biotechnological innovations for the

future.
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Introduction

Saccharomyces  cerevisiae, commonly
referred to as brewer’s or baker's yeast, is among
the earliest domesticated microorganisms, with
records of its use in winemaking, baking, and
brewing dating back thousands of years. The term
‘Saccharomyces' originates from Greek, meaning
'sugar fungus.' It is typically found on fruit skins,
such as grapes, from which it was first isolated.
As one of the most extensively studied eukaryotic
model organisms, S. cerevisiae has been pivotal

in elucidating fundamental cellular processes
such as gene regulation, metabolism, and cell
division, much like Escherichia coli has for
prokaryotes. Its genome has been fully
sequenced, and the organism is amenable to
advanced genetic manipulation, including
CRISPR-based engineering. Morphologically, its
cells are round to ovoid (5-10 um) and reproduce
by budding, with colonies maturing within three
days.

Its favorable growth characteristics,
eukaryotic machinery, and long history of safe use
have made S. cerevisiae a powerful
biotechnological platform, extending well
beyond food fermentation into cutting-edge
industrial and medical fields.

Kingdom: -+ Fungi

Phylum: «  Ascomycota

Class: «  Hemiascomycetes or
Saccharomycetes
(depending on the
classification system)

Order: +  Saccharomycetales

Family: »  Saccharomycetaceae

Industrial Applications
1.Food and Beverage Production
2.Biofuel Production
3.Chemical Production
4 Biomanufacturing
5.Wastewater Treatment
6.Nutritional Supplements

7.Genetic Research
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1. Food and Beverage Production

The most traditional use of S. cerevisiae
lies in food industries, particularly in baking and
brewing. During dough fermentation, the yeast
metabolizes sugars to produce carbon dioxide
and ethanol. The trapped CO, causes dough
leavening, resulting in soft, airy bread, while
ethanol imparts characteristic aroma and flavor.
Similarly, in alcoholic beverage production, yeast-
driven fermentation is essential for beer, wine,
and spirits.

2. Biofuel Production

The transition toward sustainable energy
has highlighted S. cerevisiae as a microbial cell
factory for advanced biofuels. Beyond ethanol,
engineered yeast strains can synthesize higher
alcohols (butanol, isobutanol),  terpenes
(farnesene, bisabolene), and fatty acid ethyl esters
(biodiesel). These biofuels are compatible with
existing engines and possess improved energy
densities, offering promising alternatives to fossil
fuels.

3. Chemical and Pharmaceutical Production

Yeast serves as a platform for the
biosynthesis of high-value compounds, including:
- Isoprenoids/Terpenoids:  Artemisinic acid
(antimalarial precursor), carotenoids (antioxidants
and pigments), squalene (used in vaccines and
cosmetics).

- Alkaloids: Opioid precursors and noscapine
(anti-cancer applications).
- Polyphenols and Flavonoids: Resveratrol and
quercetin, known for antioxidant and therapeutic
effects.

- Organic Acids and Polymers: Lactic acid
(bioplastics), 1,3-propanediol (for synthetic
fabrics).

4. Biomanufacturing and Recombinant
Proteins

Due to its eukaryotic nature, S. cerevisiae
is capable of post-translational modifications

absent in prokaryotes, making it an ideal host for
producing human proteins. It has been used to
manufacture insulin, vaccines (e.g., Hepatitis B),
industrial  enzymes, and flavor/fragrance
compounds. Its GRAS status, scalability, and
robust fermentation processes further enhance
its industrial utility.

5. Wastewater Treatment and Bioremediation

Certain  strains are  utilized in
bioremediation, particularly for treating high-
organic-strength industrial wastewater. Yeast
biomass generated in the process can serve as
Single Cell Protein (SCP), providing nutritional
supplements in resource-limited settings, thereby
combining pollution management with protein
recovery.

6. Nutritional Supplements

Known as 'nutritional yeast,' S. cerevisiae
is a rich source of B-complex vitamins, essential
amino acids, and trace minerals. Industrial
fortification enhances its vitamin content,
including bioavailable forms of selenium and
chromium. Yeast-based protein supplements and
fortified foods are widely marketed for
vegetarians and vegans as complete protein
sources.

7. Genetic Research and Synthetic Biology

S. cerevisiae has been instrumental in
developing genetic tools such as the Yeast Two-
Hybrid system for studying protein-protein
interactions, genome-wide deletion libraries, and
CRISPR-Cas9 editing. Its tractability makes it a
preferred chassis for synthetic biology, enabling
metabolic engineering for the production of
novel biofuels, biopharmaceuticals, and

biomaterials.
Future Prospects and Challenges

The industrial significance of S. cerevisiae
is poised to expand with advancements in
synthetic biology and systems biology.
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Engineered strains could revolutionize
sustainable agriculture, carbon-neutral fuels, and
precision medicine. However, challenges remain
in optimizing vyield, overcoming substrate
limitations, and ensuring cost-effective large-
scale production. Environmental biosafety and
ethical considerations will also shape its
applications in the coming decades.

Conclusion

From its ancient role in bread and beer to
its modern status as a biofactory, S. cerevisiae
remains indispensable to biotechnology. Its
versatility, safety, and genetic flexibility ensure its
continued prominence in addressing global
challenges related to food, energy, health, and
the environment. With rapid progress in
metabolic engineering and synthetic biology, this
yeast is expected to play a central role in shaping
a sustainable bioeconomy.
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