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BIOLOGICAL PROCESSES IN CHEESE PRODUCTION
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Abstract: This article examines the biological processes involved in
cheese production, focusing on the microbiological and enzymatic activities that
transform milk into cheese. The key stages of cheese production, including milk
coagulation, acidification, and ripening, are analyzed to understand how
microorganisms and enzymes contribute to the development of texture, flavor, and
nutritional characteristics of cheese. The study also provides insights into the
factors affecting these processes and the role of starter cultures in enhancing
cheese quality.
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Introduction

Cheese production is a complex process that involves a series of biological
transformations, turning milk into a variety of flavorful and texturally diverse
products. The transformation of milk into cheese relies heavily on the activity of
enzymes and microorganisms, which work together to create the desired
characteristics of the final product [1]. These biological processes are influenced
by factors such as the composition of the milk, the selection of starter cultures,
the temperature, and the duration of fermentation and ripening [2].

Milk is the primary raw material for cheese production, and its
composition, including proteins, fats, and lactose, plays a crucial role in
determining the quality of the cheese. During the cheese-making process, milk is
subjected to enzymatic and microbiological activities that lead to coagulation,
acidification, and the breakdown of proteins and fats [3]. These processes are
essential for the formation of cheese curd, the development of texture, and the

enhancement of flavor during ripening.
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The selection of starter cultures is another critical factor in cheese

production. Starter cultures consist of beneficial bacteria that ferment lactose into
lactic acid, lower the pH of the milk, and contribute to the coagulation process
[4]. The types of bacteria used as starter cultures can vary, including lactic acid
bacteria (LAB) such as Lactococcus lactis, Streptococcus thermophilus, and
Lactobacillus species [5]. These bacteria not only aid in acidification but also play
a vital role in the ripening stage, contributing to the unique flavor profiles of
different cheese varieties [6].

Key Biological Processes in Cheese Production

The following table summarizes the key biological processes that occur

during different stages of cheese production:

Stage Biological Process |Description
Milk Enzymatic Rennet enzymes hydrolyze casein
[
) coagulation (Rennet|proteins, leading to the formation of a gel-
Coagulation o _
activity) like structure (curd).
_ _ |Lactic acid bacteria convert lactose into
o Lactic acid| _ o
Acidification _ lactic acid, reducing pH and aiding in curd
fermentation _
formation.
_ The curd is cut and heated, leading to the
Curd Syneresis and whey

) ) expulsion of whey and firming of the
Processing expulsion y
curd.

) Enzymatic breakdown of proteins
o Proteolysis and _ ) )
Ripening lipolysis (proteolysis) and fats (lipolysis) develop
flavor and texture.

Milk Coagulation: The first step in cheese production is coagulating the
milk to form a gel-like structure known as curd. This process is primarily driven
by the enzymatic activity of rennet, a complex of proteolytic enzymes, most

notably chymosin [7]. Rennet hydrolyzes casein proteins, particularly kappa-
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casein, which destabilizes the micelle structure of the milk, allowing the proteins

to aggregate and form a curd [8].

The effectiveness of rennet in coagulating milk can vary depending on
factors such as the temperature of the milk, the pH level, and the calcium content
[9]. Proper coagulation is crucial for the subsequent steps, as it determines the
firmness and structure of the curd.

Acidification: Acidification is achieved through the fermentation of
lactose by lactic acid bacteria (LAB), which convert lactose into lactic acid. This
process lowers the pH of the milk, facilitating further curd formation and the
expulsion of whey [10]. The rate of acidification is a key factor in determining the
texture and flavor of the cheese.

Different types of LAB produce varying amounts of lactic acid, which
influences the final acidity of the cheese [11]. For example, Lactococcus lactis is
commonly used in the production of soft cheeses, while Streptococcus
thermophilus is used in harder cheese varieties due to its ability to produce a more
robust acidification [12].

Curd Processing: After coagulation, the curd is cut into smaller pieces to
facilitate the release of whey, a process known as syneresis. Heating the curd helps
to accelerate whey expulsion and tighten the curd structure, resulting in a firmer
texture [13].

Syneresis is essential for achieving the desired moisture content in the
final cheese product, which affects the texture, taste, and shelf life of the cheese.
Variations in curd cutting size and heating temperatures can produce different
textures, from soft to hard cheeses [14].

Ripening: Ripening is the stage where the unique flavor and texture of
each cheese variety develop. During ripening, enzymes from the milk, rennet, and
bacteria break down proteins (proteolysis) and fats (lipolysis), releasing peptides,
amino acids, and free fatty acids that contribute to the flavor profile of the cheese
[15].

The ripening process can last from a few weeks to several months or even

years, depending on the type of cheese. The duration of ripening, temperature, and
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humidity are carefully controlled to achieve the desired maturation [16]. For

example, long-aged cheeses like Parmesan develop a complex flavor due to
extensive proteolysis, while fresh cheeses like ricotta are minimally ripened [17].

Conclusion

The biological processes involved in cheese production are fundamental
to achieving the desired texture, flavor, and nutritional characteristics of different
cheese varieties. Enzymatic coagulation, acidification by lactic acid bacteria, and
the breakdown of proteins and fats during ripening are key steps that transform
milk into cheese. Understanding these processes allows cheesemakers to optimize
production conditions and select suitable starter cultures to achieve consistent
guality and flavor. Moreover, these insights into the biological processes provide
opportunities for innovation in cheese production, allowing the development of
new varieties and improving traditional methods.

References

1. Fox, P. F., & McSweeney, P. L. H. (2013). "Advanced Dairy Chemistry."
Springer.
2. Law, B. A. (1999). "Microbiology and Biochemistry of Cheese and
Fermented Milk." Springer.
3. Zydney, A. L. (1998). "Protein Recovery from Dairy By-products.”
Biotechnology Advances.
4, Swider, P., & Madureira, A. R. (2007). "Chemical Composition and
Functional Properties of Whey Protein." Journal of Dairy Science.
5. Nielsen, S. S. (2014). "Lactic Acid Bacteria in Cheese Making." Advances
in Food and Nutrition Research.
6. Banks, J. M., & Williams, A. G. (2004). "The Role of Lactic Acid Bacteria
in Cheese Flavour Development."” International Journal of Dairy Technology.
7. Amara, S., & Salem, 1. (2014). "Rennet Coagulation of Milk." Journal of
Food Technology.
8. Walstra, P., Geurts, T. J., & Wouters, J. T. M. (2006). "Dairy Science and
Technology." CRC Press.

133

——
| —



ISSN:3060-4567 Modern education and development
Q. McMahon, D. J. (2012). "Coagulation Properties of Milk." Dairy Science

& Technology.

10. De Wit, J. N. (2001). "Lactic Acid Fermentation in Dairy Products."
International Dairy Journal.

11. Singh, T. K., Drake, M. A., & Cadwallader, K. R. (2003). "Flavor of

Cheddar Cheese: A Chemical and Sensory Perspective.” Journal of Agricultural

and Food Chemistry.

12.  Mollea, C., Marmo, L., & Bosco, F. (2013). "Cheese Fermentation and
Microbial Development.” Food Industry.

13. Mukhopadhyay, S., & Panja, S. (2016). “"Cheese Texture and Rheology."
BioMed Research International.

14.  Marcellino, N. J., & Benson, D. R. (1998). "The Microbiology of Ripening
Cheese." Annual Review of Microbiology.

15.  Phillips, L. G. (2015). "Proteolysis in Cheese." Journal of Agricultural and
Food Chemistry.

16. Gasmalla, M. A. A, Yang, R., & Hua, X. (2016). "Enzymatic Activity in
Cheese Ripening.” Journal of Food Processing & Technology.

17. Korhonen, H., & Pihlanto, A. (2006). "Biochemical Changes During
Cheese Maturation." International Dairy Journal.

18. Smithers, G. W. (2008). "Whey Proteins in Cheese Production."”

International Dairy Journal.

134

——
| —



