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DESCRIPTION
Applied microbiology focuses on using microorganisms and their 
biological activities to address practical needs in medicine, 
agriculture, food production, environmental management, 
biotechnology and industrial manufacturing. Bacteria, fungi, 
yeasts, algae and selected viruses possess diverse metabolic 
abilities that can be directed toward useful purposes. Their 
capacity to produce enzymes, organic acids, antibiotics, vitamins, 
pigments, biofuels and other valuable compounds has made 
microbial systems an important part of modern biological 
production.

Microorganisms have long been associated with food preparation 
and preservation. Yeasts are widely used for bread production 
and alcoholic fermentation, while lactic acid bacteria contribute 
to yogurt, cheese, pickles and several fermented foods. During 
fermentation, microorganisms convert carbohydrates into 
organic acids, alcohols, gases and other metabolites. These 
reactions influence taste, texture, aroma, nutritional properties 
and shelf life. Controlled fermentation also allows manufacturers 
to maintain consistent product characteristics while reducing 
unwanted microbial growth. The pharmaceutical sector benefits 
extensively from microbial metabolism. Certain microorganisms 
produce compounds with antibacterial, antifungal, antiparasitic 
and immunomodulatory properties. Microbial fermentation can 
also generate vitamins, amino acids, enzymes and therapeutic 
proteins. Penicillin, produced by species of Penicillium, 
represents one of the best-known examples of a microbial 
product with major medical value. Today, carefully controlled 
microbial systems are used to manufacture several biological 
substances under defined production conditions.

Enzyme production is another major area of applied 
microbiology. Microbial enzymes are useful because many 
microorganisms can produce them in large quantities under 
controlled conditions. Amylases are used in food processing and 
starch conversion, proteases are applied in detergents and food

industries and lipases have applications in dairy processing, 
biotechnology and chemical manufacturing. Cellulases can assist 
in the conversion of plant biomass into simpler sugars. The 
ability to select suitable microorganisms and optimize their 
growth conditions allows manufacturers to obtain enzymes with 
specific functional properties. Agriculture also benefits from 
microbial applications. Soil microorganisms contribute to 
nutrient availability, organic matter decomposition and plant 
development. Certain bacteria associated with plant roots can 
convert atmospheric nitrogen into forms accessible to plants. 
Other microorganisms can release phosphorus from insoluble 
compounds, produce substances that influence root 
development, or compete with harmful organisms around plant 
tissues. Microbial inoculants may therefore be incorporated into 
agricultural practices to support nutrient management and 
reduce dependence on some chemical inputs.

Plant health can also be supported through beneficial microbial 
interactions. Some bacteria and fungi produce antimicrobial 
substances or occupy ecological niches that limit the 
establishment of harmful organisms. Certain microbial species 
can stimulate natural defense responses in plants, allowing crops 
to respond more effectively to environmental and biological 
pressures. Such applications require careful selection of 
compatible microbial strains and suitable environmental 
conditions. Waste management represents another important 
application. Microorganisms naturally decompose organic 
materials present in household waste, agricultural residues, food-
processing waste and wastewater. Composting depends on 
coordinated microbial activity that converts organic materials 
into a more stable product. Anaerobic microorganisms can 
process organic waste in oxygen-limited environments and 
generate biogas containing methane and carbon dioxide. This 
process can reduce organic waste volumes while producing a 
useful energy source.

Applied microbiology also contributes to pollution control. 
Selected microorganisms can transform petroleum compounds, 
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selected proteins or metabolites that may otherwise be difficult
or expensive to obtain. Recombinant Deoxyribonucleic Acid
(DNA) techniques allow useful genes to be introduced into
suitable host microorganisms. Bacteria and yeasts can
consequently serve as production systems for enzymes,
hormones, vaccines and other biological materials. Careful
assessment of genetic stability, product quality and production
conditions is required for safe and reliable manufacturing.
Microbial biosensors provide another practical application.
These systems use microorganisms or microbial components to
detect specific chemical substances. Changes in microbial
activity can generate measurable signals in response to
pollutants, nutrients, toxic compounds, or other target
substances. Such systems may support environmental
monitoring and industrial process control. Their usefulness
depends on sensitivity, selectivity, stability and the ability to
produce consistent measurements.

Morimoto K

pesticides, dyes and other organic pollutants into simpler 
substances. Biological treatment systems can be used for 
industrial wastewater and contaminated soils when appropriate 
microbial communities are available. Factors such as 
temperature, pH, oxygen availability, nutrient concentration, 
moisture and pollutant composition influence microbial 
performance. Maintaining suitable conditions is therefore 
important for achieving effective biological treatment. Industrial 
microbiology uses microorganisms as biological production 
units. Fermentation systems can be operated in vessels ranging 
from small laboratory containers to large industrial tanks. 
During production, parameters such as temperature, acidity, 
oxygen transfer, nutrient supply, agitation and microbial density 
are controlled according to the desired product. Depending on 
the microorganism and production process, the final material 
may be recovered from the culture liquid, microbial cells, or 
both.

Genetic technologies have expanded the possibilities of applied 
microbiology. Microbial cells can be modified to produce
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