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Abstract

Yeasts are unicellular fungi with a long history
of use in food production and fermentation.
Their metabolic versatility, rapid growth and
amenability to cultivation and genetic
modification have made them important
organisms in food and beverage processing,
industrial biotechnology, pharmaceutical
production and environmental applications.
Saccharomyces cerevisiae is among the most
widely used industrial yeasts because of its
established role in fermentation and its extensive
history of use in food-related processes. Yeast
biomass is also investigated as a source of
single-cell protein, while engineered yeast
strains are being developed to produce valuable
proteins, enzymes, biofuels and specialty
chemicals. This article reviews the major
applications of yeasts in brewing, nutrition,
baking, bioethanol production, pharmaceuticals
and environmental biotechnology, and considers
their potential contribution to a more sustainable
bio-based economy.

Introduction

Yeasts are unicellular fungi that occur in a wide
range of natural habitats, including fruits,
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flowers, soil and other organic materials. Many
species reproduce asexually by budding or
fission, although their reproductive
characteristics vary among groups. Their ability
to use sugars and other carbon sources, together
with their diverse metabolic pathways, makes
them useful in several traditional and modern
industries. In alcoholic  fermentation, for
example, suitable yeasts convert fermentable
sugars into ethanol and carbon dioxide.

Saccharomyces cerevisiae, commonly known as
baker’s or brewer’s yeast, is one of the best-
studied and most widely used microorganisms in
industrial biotechnology. Its applications extend
beyond baking and beverage production to
include  bioethanol  manufacture, enzyme
production and the expression of recombinant
proteins.

Other yeasts, including Candida utilis (also
referred to as Cyberlindnera jadinii),
Kluyveromyces marxianus and  Yarrowia
lipolytica, are valuable in particular bioprocesses
because of their distinct nutritional and
metabolic properties.
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Figure 1. lllustrative microscopic-style image of
budding yeast cells.

Yeast in the Brewing Industry

Brewing is one of the oldest applications of
microbial biotechnology. During fermentation,
yeast metabolises fermentable sugars present in
malted grains and produces ethanol, carbon
dioxide and a range of secondary metabolites.
These products contribute not only to
fermentation but also to the aroma, flavour and
sensory characteristics of the finished beverage.
The overall conversion of glucose can be
represented by the simplified equation:

CsH1206 — 2 C:HsOH + 2 CO: + energy

Two broad groups of brewing yeasts are
commonly distinguished. Ale fermentation
generally uses Saccharomy cescerevisiae, while
lager production commonly uses Saccharomyces
pastorianus. These yeasts differ in their
fermentation characteristics and in the flavour
compounds they produce. Ale fermentations are
often associated with more pronounced fruity
esters, whereas lager fermentations are generally
associated with a cleaner flavour profile.
Examples of ale styles include pale ale, India
pale ale, stout and porter, while Pilsner, Helles
and Bock are examples of lager styles. The
precise characteristics depend on the strain and
the overall production process.
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The brewing industry depends on reliable yeast
cultures to maintain fermentation performance
and product consistency. Strain selection, culture
maintenance and process monitoring are
therefore  important  parts of industrial
production. Research into yeast diversity and
strain improvement has also helped identify
strains with useful fermentation characteristics
and tolerance to industrial stress conditions.

Figure 2. lllustrative image of stainless-steel
fermentation vessels used in industrial brewing.

Yeast as a Source of Single-Cell Protein

Single-cell protein (SCP) refers to protein-rich
microbial biomass that can be processed for use
in human food or animal feed. Yeasts are
suitable candidates for SCP production because
they can grow rapidly wunder controlled
conditions, provide substantial protein in their
dry biomass and utilize a variety of relatively
inexpensive substrates. Depending on the species
and cultivation conditions, yeast biomass
commonly contains approximately 40-60%
protein on a dry-weight basis. It may also
provide essential amino acids, B-group vitamins,
minerals and other nutrients; the exact
composition varies with the organism, growth
medium and processing method.

Yeasts used in SCP production include S.
cerevisiae, C. utilis / Cyberlindnera jadinii, K.
marxianus and Y. lipolytica. Yeast-derived
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biomass has been studied and used as a
component of poultry, aquaculture, cattle and pet
feeds. In human nutrition, inactive nutritional
yeast is marketed in forms such as flakes and
powders and can be incorporated into selected
food products. Its nutritional value makes it a
useful ingredient, although suitability for a
particular food or feed application must be
assessed for the specific product and production
process. An additional advantage of yeast SCP
production is the possibility of using agro-
industrial by-products as feedstocks. Depending
on the yeast species and pretreatment
requirements, materials such as molasses, whey
and selected agricultural or food-processing
residues can serve as substrates. Converting
suitable residual materials into microbial
biomass can improve resource utilisation and
reduce the amount of organic waste requiring
disposal.

Figure 3. Illustrative image of nutritional yeast
flakes.

Industrial Applications of Yeast
Bioethanol production
Yeasts, particularly S. cerevisiae, are important

microorganisms in the production of bioethanol,
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a renewable fuel that can be obtained from
sugar-rich feedstocks such as sugarcane and
corn. Research is also focused on using sugars
released from lignocellulosic biomass, including
agricultural residues. The conversion of non-
food biomass is more challenging because the
material must first be processed to release
fermentable sugars, and conventional S.
cerevisiae strains do not efficiently ferment
every sugar present in some hydrolysates.
Consequently, strain engineering and process
development are active areas of research.

Bioethanol can contribute to renewable energy
supply and may reduce life-cycle greenhouse-
gas emissions when produced from suitable
feedstocks and managed through efficient
processes. The overall environmental benefit
depends on factors such as feedstock cultivation,
land use, processing energy and transport; it
should therefore not be assumed that every
bioethanol pathway has the same environmental
performance.

Baking industry

The baking industry relies on yeast fermentation
to leaven dough. During fermentation, yeast
metabolises available sugars and releases carbon
dioxide. The gas becomes trapped within the
elastic dough structure, causing it to expand and
contributing to the soft, porous texture of baked
products.

Yeast is therefore widely used in the
manufacture of bread, buns, pizza bases and
other bakery products. Fermentation also
generates flavour compounds that contribute to
the characteristic aroma of baked foods.
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Figure 4. lllustrative image of yeast-leavened
bread dough.

Production of industrial enzymes

Yeasts are used in the production of enzymes for
food processing, detergents and biotechnology.
Examples of enzymes associated with yeast-
based production systems include invertases,
lipases, proteases and amylases. These enzymes
catalyse reactions that are useful in processes
such as sugar conversion, modification of fats,
protein processing and starch breakdown. The
choice of production organism depends on the
enzyme required, its properties and the
conditions of the intended industrial process.

Pharmaceutical and
Applications

Biotechnological

The ability to manipulate yeast genetically has
made it an important host for recombinant
protein production. Yeast expression systems
can grow to high cell densities in controlled
fermentation systems and can be genetically
modified to express selected proteins.
Saccharomyces cerevisiae, for example, has
been used to produce recombinant insulin and
hepatitis B surface antigen, which is an
important component used in recombinant
hepatitis B vaccines. Other therapeutic proteins,
including human growth hormone and
interferons, have also been investigated in yeast
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expression systems. The suitability of yeast for a
particular therapeutic product depends on protein
structure, processing requirements, product
quality and regulatory approval.

Yeast-based production platforms are valued for
their comparatively straightforward cultivation,
well-characterised genetics and scalability.
However, yeast cells do not perform every post-
translational modification in the same way as
mammalian cells. Therefore, the host system
must be selected according to the properties and
intended use of the recombinant product.

Production of Nutraceuticals

Yeasts are also used to produce or supply
ingredients for nutraceutical and functional-food
applications. Examples include B-glucans from
yeast cell walls, selenium-enriched yeast and B-
group vitamins. These materials are incorporated
into selected food and supplement products.
Their composition and permitted health claims
depend on the product, evidence base and
applicable regulations. Research continues to
explore yeast-derived compounds and biomass
as sources of nutritionally valuable ingredients.

Environmental Applications
Wastewater treatment and bioremediation

Certain yeast species have been investigated for
their ability to take up, bind or transform
components of wastewater. Depending on the
species and environmental conditions, yeast cells
may contribute to the removal of organic
pollutants or selected metal ions through
processes  such  as  biosorption  and
bioaccumulation.

These properties have created interest in yeast-
based bioremediation. However, performance
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varies with wastewater composition, pH,
temperature, biomass characteristics and the
specific contaminant, so practical applications
require careful evaluation.

Bioconversion of agricultural waste

Yeasts can convert suitable sugars and other
accessible nutrients in agricultural and food-
processing residues into products such as
ethanol, enzymes and protein-rich biomass.
When integrated with appropriate pretreatment
and downstream processing, these approaches
can support resource recovery and circular-
bioeconomy strategies. The feasibility of each
process depends on the composition of the waste
material, the ability of the selected yeast to use it
and the costs of processing.

Future Prospects

Developments in genomics, synthetic biology
and metabolic engineering are expanding the
range of products that can be made using yeast.
Researchers are developing strains with
improved substrate utilization, stress tolerance
and production of target molecules. Potential
applications include advanced biofuels, high-
value chemicals, biodegradable polymer
precursors and precision-fermented proteins.

Yeast-based processes are also being explored in
connection with carbon utilization and
sustainable aviation-fuel pathways. Many of
these applications remain under development,
and their commercial success will depend on
process efficiency, economic feasibility,
environmental performance and regulatory
requirements.
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Figure 5. Illustrative image of a stainless-steel

bioreactor used in controlled microbial

production.

Conclusion

Yeasts are versatile microorganisms with
established and emerging roles across food
production, industrial biotechnology, nutrition,
pharmaceuticals and environmental applications.
Their fermentation capabilities support brewing,
baking and bioethanol production, while their
biomass can serve as a source of single-cell
protein. Advances in recombinant DNA
technology and metabolic engineering have
further expanded their use in the production of
enzymes, therapeutic proteins and specialty
compounds. Although challenges remain in
substrate utilisation, process economics, product
quality and environmental assessment, continued
research is likely to strengthen the contribution
of yeast-based technologies to sustainable
industrial development.
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