VI-THEME. BIOCHEMICAL PROCESSES OCCURRING IN FLOUR AND CEREAL PRODUCTS DURING STORAGE
PLAN:
1. General characteristics of biochemical processes in flour and cereal products during storage 

2. Changes in carbohydrates during the storage of flour and cereal products 

3. Changes in proteins during storage

GLOSSARY ( ГЛОССАРИЙ )
	Term
	English Definition

	Flour
	A finely ground product obtained from cereals, mainly wheat, and used as a raw material in food production.

	Cereal grain
	The dry seed of cereal plants that contains carbohydrates, proteins, lipids, minerals and other nutrients.

	Cereal product
	A food or raw material obtained by processing cereal grains, such as flour, groats and other grain-based products.

	Groats
	Processed cereal grains obtained by removing the outer layers and, in some cases, crushing or cutting the grain.

	Storage
	The period and conditions under which flour and cereal products are kept before further processing or consumption.

	Biochemical process
	A chemical process associated with changes in substances and energy within biological materials.

	Biochemical changes
	Changes in the chemical composition and properties of a product caused by enzymatic, oxidative and other reactions.

	Metabolism
	The total set of processes involving the formation, transformation and breakdown of substances.

	Respiration
	A process in which organic substances are broken down and energy is released.

	Moisture content
	The amount of water present in flour or cereal products.

	Enzyme
	A biologically active substance that accelerates biochemical reactions.

	Enzymatic activity
	The ability of an enzyme to catalyze a biochemical reaction under specific conditions.

	Amylase
	An enzyme that breaks down starch into simpler carbohydrates.

	Protease
	An enzyme that breaks down proteins into peptides and amino acids.

	Lipase
	An enzyme that breaks down lipids into glycerol and fatty acids.

	Starch
	The main storage carbohydrate in cereal grains and one of the major components of flour.

	Protein
	A complex organic substance that performs nutritional and structural functions in cereal products.

	Lipid
	A group of fat-like organic compounds that serves as an energy source and participates in the structure of cells.

	Hydrolysis
	The breakdown of a substance through a chemical reaction involving water.

	Oxidation
	A chemical process in which substances react with oxygen or undergo other forms of electron loss, potentially changing product quality.

	Lipid oxidation
	The oxidation of fats and oils that can lead to changes in flavour, odour and nutritional quality.

	Free fatty acids
	Fatty acids released from lipids during hydrolysis, particularly through lipase activity.

	Rancidity
	An undesirable deterioration of fats caused mainly by oxidation or hydrolysis, resulting in unpleasant taste and odour.

	Moisture migration
	The movement or redistribution of water within a stored cereal product.

	Physiological activity
	The remaining biological activity of grain components during storage.

	Nutritional quality
	The nutritional value of a product determined by its proteins, carbohydrates, lipids, minerals and other components.

	Technological quality
	The properties of flour or cereal products that determine their suitability for processing and food production.

	Shelf life
	The period during which a product remains suitable for storage, processing and consumption under specified conditions.

	Storage stability
	The ability of a product to maintain its chemical, physical and technological properties during storage.


1-§. General characteristics of biochemical processes in flour and cereal products during storage
Flour and cereal products are biologically active materials. Although their metabolic activity is much lower after harvesting and processing than in growing plants, biochemical processes continue during storage. The intensity of these processes depends mainly on moisture content, temperature, oxygen availability, storage duration, and the enzymatic activity of the product.

During storage, the main components of flour and cereal products—carbohydrates, proteins, lipids, enzymes, minerals and other biologically active substances—may undergo gradual changes. These changes can affect the nutritional, physical and technological properties of the stored product.

One of the important processes is the transformation of carbohydrates. Starch is the major storage carbohydrate in cereal grains and is also the principal carbohydrate component of flour. Under favourable conditions, enzymatic reactions can cause partial hydrolysis of starch and the formation of simpler carbohydrates. The intensity of these reactions depends on the activity of enzymes and the moisture content of the product. 

Proteins may also undergo biochemical changes during storage. Protein transformations can influence the functional and technological properties of flour. Enzymatic activity, particularly protease activity, may contribute to the breakdown of proteins into peptides and amino acids. In cereal materials, proteins have both nutritional and structural importance. 

Lipids are another important component of cereal products. During storage, they may undergo hydrolytic and oxidative changes. Lipase activity can promote the breakdown of lipids into glycerol and fatty acids. Such changes may influence the flavour, odour and overall quality of flour and cereal products. 

Moisture plays a particularly important role in biochemical processes. When the moisture content of cereal products increases, the conditions for enzymatic reactions and other biochemical transformations become more favourable. In contrast, lower moisture content generally reduces metabolic and enzymatic activity. The source material also indicates that changes in water content are closely connected with changes in metabolic activity in cereal materials. 

Respiration is another process that may continue during storage. It involves the breakdown of organic substances with the release of energy. When respiration becomes more intensive, organic matter can be consumed and additional heat and moisture may be produced. Therefore, excessive moisture and elevated temperature can accelerate undesirable changes in stored cereal products. 

Enzymes have a central role in these biochemical transformations. Amylase, protease and lipase are particularly important because they act on carbohydrates, proteins and lipids, respectively. The activity of these enzymes determines the rate at which stored components undergo biochemical changes. 

Therefore, the storage of flour and cereal products should be considered not simply as a period of preservation, but as a period during which gradual biochemical changes continue. Proper control of moisture, temperature, storage duration and sanitary conditions is essential for maintaining product quality and preventing undesirable biochemical deterioration.
During storage, flour and cereal products remain chemically active because their tissues and cellular structures contain various enzymes and organic compounds. Even after harvesting, drying, grinding or other technological operations, these components do not immediately lose their biochemical properties. Therefore, storage conditions have a direct influence on the rate and direction of biochemical reactions.

An important characteristic of stored cereal products is the relationship between water activity and biochemical activity. Water is necessary for many enzymatic reactions. When sufficient moisture is available, enzymes can interact more actively with carbohydrates, proteins and lipids. If the product is sufficiently dry, most biochemical reactions proceed slowly. This is one of the reasons why controlling moisture is an important requirement for the storage of flour and cereal products.

Temperature also has a significant influence on biochemical reactions. An increase in temperature within a suitable range generally accelerates enzymatic reactions and metabolic processes. However, excessively high temperatures may negatively affect the quality of proteins, enzymes and other components. Consequently, maintaining an appropriate storage temperature helps to slow undesirable biochemical changes and preserve the technological properties of the product.

The respiration of cereal materials is closely associated with storage stability. During respiration, organic substances are oxidized and energy is released. At the same time, heat and water may be produced. If heat and moisture accumulate inside a stored mass, biochemical activity can increase further. This can create conditions for additional deterioration of the product. The source material defines respiration as the process through which energy is released as organic substances are broken down. 

Another important feature is the activity of hydrolytic enzymes. Hydrolysis involves the breakdown of substances with the participation of water. In cereal products, hydrolytic enzymes can act on major storage compounds. Amylase can affect starch, protease can act on proteins, and lipase can participate in lipid breakdown. These reactions gradually modify the chemical composition of the stored material. 
Table 1. Main Biochemical Processes During Storage
	Biochemical process
	Main component affected
	Possible result

	Starch hydrolysis
	Starch
	Formation of simpler carbohydrates

	Protein hydrolysis
	Proteins
	Formation of peptides and amino acids

	Lipid hydrolysis
	Lipids
	Formation of glycerol and fatty acids

	Respiration
	Organic substances
	Energy release, heat and moisture formation

	Oxidation
	Mainly lipids and other oxidizable compounds
	Changes in quality and sensory properties

	Enzymatic reactions
	Carbohydrates, proteins and lipids
	Modification of chemical composition

	Moisture redistribution
	Water and dry matter
	Changes in storage stability


The balance between these processes determines the storage stability of flour and cereal products. When moisture and temperature are properly controlled, biochemical reactions remain relatively slow. Under unfavourable conditions, however, enzymatic and oxidative processes may become more active and cause undesirable changes.

The biochemical condition of a stored product can also influence its technological properties. Changes in starch, proteins and lipids may affect the behaviour of flour during dough preparation and processing. Therefore, biochemical stability is not only important for preserving nutritional value but also for maintaining the technological suitability of flour and cereal products.

It is also important to distinguish between desirable and undesirable biochemical changes. Some controlled biochemical processes can contribute to the stabilization and improvement of certain cereal products during an appropriate storage period. In contrast, excessive enzymatic activity, lipid degradation or intensive respiration can negatively affect quality.

Thus, the biochemical stability of flour and cereal products depends on the interaction of several factors rather than on a single process. Moisture, temperature, oxygen availability, enzyme activity, storage duration and the initial chemical composition of the product collectively determine the rate of biochemical changes. Understanding these relationships is essential for selecting appropriate storage conditions and maintaining the quality of cereal raw materials and products.

2-§. Changes in carbohydrates during the storage of flour and cereal products
Carbohydrates are the main components of most cereal grains and their processed products. Among them, starch has the greatest importance because it serves as the principal storage carbohydrate in cereal grains and constitutes a major part of flour. During storage, carbohydrates do not remain completely unchanged. Depending on moisture, temperature and enzymatic activity, gradual biochemical transformations may occur. 

Starch is a complex carbohydrate composed mainly of amylose and amylopectin. Under suitable conditions, enzymatic reactions can lead to the partial breakdown of starch. Amylase is one of the most important enzymes involved in this process. It catalyzes the hydrolysis of starch and contributes to the formation of simpler carbohydrates. 

During storage, the intensity of starch transformations depends strongly on the moisture content of flour and cereal products. When sufficient moisture is present, enzymatic reactions can proceed more actively. In dry products, enzyme activity is generally restricted because water is required for many biochemical reactions. Therefore, maintaining an appropriate moisture level is an important condition for controlling carbohydrate transformations during storage.

The hydrolysis of starch can be represented in a simplified form:

Starch + Water → Dextrins → Maltose and other simpler carbohydrates

This process changes the distribution of carbohydrates within the product. The formation of soluble sugars can influence the technological properties of flour, particularly its behaviour during subsequent processing.

Carbohydrate changes are also connected with the respiration process. Cereal materials can use soluble carbohydrates as substrates for respiration. During respiration, organic substances are broken down and energy is released. As a result, excessive respiratory activity can contribute to the consumption of stored nutrients and the production of heat and moisture. 
Table 2. Main Changes in Carbohydrates During Storage
	Component
	Biochemical process
	Possible result

	Starch
	Hydrolysis
	Formation of simpler carbohydrates

	Amylose
	Enzymatic transformation
	Changes in carbohydrate structure

	Amylopectin
	Enzymatic transformation
	Formation of smaller carbohydrate molecules

	Dextrins
	Further hydrolysis
	Formation of simpler sugars

	Soluble sugars
	Respiration
	Energy release

	Carbohydrates
	Oxidative metabolism
	Consumption of organic matter


Another important factor is the initial condition of the grain or flour. Products with higher enzymatic activity may undergo carbohydrate transformations more rapidly than products with lower enzymatic activity. Consequently, the biochemical history of the grain before storage can influence its subsequent storage stability.

Changes in carbohydrates may also affect the baking and processing properties of flour. The balance between starch and simpler carbohydrates is important because carbohydrates participate in several technological processes during dough preparation and baking. Therefore, excessive biochemical degradation during storage may change the functional behaviour of flour.

In cereal products, carbohydrate metabolism is closely related to other biochemical processes. For example, changes in carbohydrates may occur simultaneously with changes in proteins and lipids. The source material emphasizes that biochemical processes in cereal materials are interconnected and involve the transformation and breakdown of different groups of substances. 

The rate of carbohydrate changes generally increases when moisture and temperature become favourable for enzyme activity. Conversely, proper drying and appropriate storage conditions help reduce enzymatic activity and slow down undesirable transformations.

Thus, carbohydrates—especially starch—play a central role in the biochemical stability of flour and cereal products. Their transformations during storage are mainly associated with enzymatic hydrolysis and respiration. Proper control of storage conditions is therefore necessary to maintain the carbohydrate composition, nutritional value and technological properties of the product.

3-§. Changes in proteins during storage
Proteins are one of the important organic components of flour and cereal products. They have both nutritional and structural functions and play an important role in determining the technological properties of cereal-based raw materials. During storage, proteins can undergo gradual biochemical changes under the influence of moisture, temperature and enzymatic activity. 

In cereal grains, a considerable proportion of proteins is present as storage proteins. These proteins accumulate during grain development and later serve as an important source of nitrogen and nutrients. During favourable storage conditions, their structure remains relatively stable. However, under conditions that increase biochemical activity, protein transformations may become more pronounced.

One of the main processes associated with protein changes is proteolysis. Proteases are enzymes capable of breaking down proteins into smaller peptides and amino acids. The general process can be expressed as:

Protein + Water → Peptides → Amino acids

The activity of proteases depends on environmental conditions. Moisture is particularly important because enzymatic hydrolysis requires water. When moisture increases to a level favourable for enzyme activity, protein degradation can become more active. 

Protein transformations during storage can influence the functional properties of flour. Flour proteins contribute to the formation of the structural framework of dough. Therefore, changes in protein composition or structure may affect the ability of flour to form and retain a suitable dough structure during subsequent processing.

Table 3. Protein Changes During Storage
	Factor or process
	Effect on proteins
	Possible consequence

	Protease activity
	Protein breakdown
	Formation of peptides and amino acids

	Increased moisture
	Promotes enzymatic reactions
	Increased biochemical activity

	High temperature
	May accelerate reactions
	Faster protein transformations

	Long storage period
	Prolonged exposure to biochemical processes
	Gradual quality changes

	Oxidative processes
	Modification of susceptible compounds
	Changes in functional properties


Protein changes do not occur independently from other biochemical processes. Carbohydrate and lipid transformations can take place simultaneously with protein changes. For this reason, the overall quality of stored flour and cereal products is determined by the combined behaviour of several groups of chemical compounds.

The amino acids and peptides formed during protein hydrolysis may participate in further biochemical reactions. In biological systems, these compounds can serve as substrates for metabolic processes. However, excessive protein degradation during storage may negatively influence the technological characteristics of flour.

The relationship between proteins and enzymes is especially important. Enzymes themselves are proteins, while proteases are responsible for catalyzing the hydrolysis of other proteins. Thus, enzymatic activity represents an important mechanism through which the composition and properties of stored cereal products can change.

During grain maturation, storage proteins are actively accumulated, and their final quantity contributes to the nutritional and technological quality of the grain. The source material notes that the synthesis and accumulation of storage proteins are closely associated with grain development and that protein metabolism changes as the grain progresses toward physiological maturity. 

During storage, maintaining appropriate temperature and moisture conditions is therefore essential. Stable and sufficiently dry conditions help to limit excessive enzymatic activity and slow unwanted protein transformations.

In conclusion, protein changes during storage are mainly associated with enzymatic activity, moisture and temperature. Proteolysis may lead to the formation of peptides and amino acids, while other biochemical reactions can modify the functional properties of proteins. Since proteins are important for both the nutritional value and technological characteristics of flour and cereal products, controlling storage conditions is essential for maintaining their quality.
KEY TERMS: Flour, cereal products, storage, biochemical processes, carbohydrates, starch, amylose, amylopectin, proteins, storage proteins, lipids, enzymes, enzymatic activity, amylase, protease, lipase, hydrolysis, oxidation, lipid oxidation, proteolysis, respiration, metabolism, moisture content, temperature, moisture migration, storage stability, shelf life, nutritional quality, technological quality, soluble carbohydrates, peptides, amino acids, glycerol, fatty acids, biochemical changes, storage conditions.
CONTROL QUESTIONS

1. What are the main biochemical processes that occur in flour and cereal products during storage? 

2. What are the main factors affecting biochemical changes in stored flour and cereal products? 

3. Why is moisture content important for the storage stability of flour and cereal products? 

4. How does temperature affect the rate of biochemical reactions during storage? 

5. What role does starch play in the composition of flour and cereal products? 

6. How can starch change during storage? 

7. What is the role of amylase in carbohydrate transformations? 

8. What is proteolysis and how does it affect proteins during storage? 

9. What is the role of protease in the biochemical changes of flour and cereal products? 

10. What products can be formed as a result of protein hydrolysis? 

11. How can lipid hydrolysis occur during storage? 

12. What is the role of lipase in lipid transformations? 

13. What is lipid oxidation and how can it affect product quality? 

14. How is respiration related to biochemical changes in stored cereal products? 

15. How does excessive moisture affect enzymatic activity? 

16. How can biochemical changes affect the technological properties of flour? 

17. What is the relationship between biochemical processes and the nutritional quality of cereal products? 

18. Why is controlling temperature and moisture important during storage? 

19. What is storage stability and what factors determine it? 

20. Why is the study of biochemical processes important for maintaining the quality of flour and cereal products?
MAIN CONCLUSIONS
a. Flour and cereal products remain biochemically active during storage, and various biochemical processes can gradually change their chemical composition and quality.

b. Carbohydrates, especially starch, are among the main components affected during storage. Enzymatic hydrolysis can lead to the formation of simpler carbohydrates, while respiration may consume soluble organic substances.

c. Proteins may undergo enzymatic transformations, particularly proteolysis. Proteases can break proteins down into peptides and amino acids, which may influence the functional and technological properties of flour.

d. Lipids can undergo hydrolytic and oxidative changes during storage. Lipase activity may contribute to the formation of glycerol and fatty acids, while lipid oxidation can negatively affect the sensory and nutritional quality of the product.

e. Moisture and temperature are among the most important factors controlling biochemical processes. Increased moisture can create favourable conditions for enzymatic reactions, while inappropriate temperature conditions may accelerate undesirable changes.

f. Respiration is also important during storage because the breakdown of organic substances releases energy and may contribute to heat and moisture accumulation in the stored material. 

g. The combined effects of enzymatic activity, moisture, temperature, oxidation and respiration determine the storage stability of flour and cereal products.

h. Proper control of storage conditions is therefore essential for maintaining the nutritional value, technological properties and overall quality of flour and cereal products.
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SELF-CONTROL TESTS

Test Samples

Test
1. What are the main biochemical processes that occur during the storage of flour and cereal products?
a) Only changes in colour
b) Enzymatic, hydrolytic, oxidative and respiratory processes
c) Only physical changes
d) Only changes in mineral content

2. What is the main storage carbohydrate in cereal grains?
a) Protein
b) Lipid
c) Starch
d) Vitamin

3. Which enzyme is mainly involved in starch breakdown?
a) Lipase
b) Protease
c) Amylase
d) Phytase

4. What can occur as a result of starch hydrolysis?
a) Formation of simpler carbohydrates
b) Formation of proteins
c) Formation of minerals
d) Complete disappearance of water

5. Which enzyme breaks down proteins into peptides and amino acids?
a) Amylase
b) Protease
c) Lipase
d) Oxidase

6. What is the main function of lipase during storage?
a) Breakdown of starch
b) Breakdown of proteins
c) Breakdown of lipids
d) Synthesis of minerals

7. Which substances can be formed during lipid hydrolysis?
a) Peptides and amino acids
b) Glycerol and fatty acids
c) Starch and cellulose
d) Vitamins and minerals

8. Which factor has a major influence on enzymatic activity during storage?
a) Product colour
b) Moisture content
c) Grain shape
d) Packaging colour

9. What generally happens when moisture provides favourable conditions for enzymatic reactions?
a) Enzymatic activity may increase
b) All biochemical processes stop
c) Proteins immediately disappear
d) The product becomes completely sterile

10. What is respiration in stored cereal materials?
a) Formation of proteins from minerals
b) Breakdown of organic substances with energy release
c) Formation of water from minerals
d) Complete destruction of enzymes

11. What may excessive respiratory activity contribute to?
a) Heat and moisture accumulation
b) Complete drying of the product
c) Increase in mineral content
d) Elimination of carbohydrates

12. What is proteolysis?
a) Breakdown of starch
b) Breakdown of proteins
c) Breakdown of minerals
d) Formation of lipids

13. What is lipid oxidation?
a) A process that can cause deterioration of fats and oils
b) A process of starch synthesis
c) A process of protein formation
d) A process of mineral accumulation

14. Which factors are important for maintaining the storage stability of flour and cereal products?
a) Moisture and temperature control
b) Only product colour
c) Only grain size
d) Only packaging design

15. Why is it important to study biochemical processes during storage?
a) To determine only the external appearance
b) To maintain nutritional and technological quality
c) To increase the colour of flour
d) To eliminate all enzymes from the product

ANSWERS

1–b; 2–c; 3–c; 4–a; 5–b; 6–c; 7–b; 8–b; 9–a; 10–b; 11–a; 12–b; 13–a; 14–a; 15–b.
