X-THEME. VITAMINS IN CEREAL GRAINS
PLAN:
1. General Characteristics of Vitamins in Cereal Grains 

2. Water-Soluble Vitamins in Cereal Grains 

3. Fat-Soluble Vitamins in Cereal Grains

GLOSSARY ( ГЛОССАРИЙ )
	Term
	English Definition

	Vitamin
	An organic biologically active compound required in small amounts for normal growth, development and metabolism.

	Cereal grain
	The seed of a cereal plant containing carbohydrates, proteins, lipids, vitamins, minerals and other nutrients.

	Water-soluble vitamin
	A vitamin that dissolves in water and includes most of the B-group vitamins.

	Fat-soluble vitamin
	A vitamin that dissolves in fats and includes vitamins A, D, E and K.

	Vitamin B1 (Thiamine)
	A water-soluble vitamin involved mainly in carbohydrate metabolism and energy production.

	Vitamin B2 (Riboflavin)
	A water-soluble vitamin that participates in oxidation-reduction reactions and energy metabolism.

	Vitamin B3 (Niacin)
	A vitamin involved in various metabolic reactions and energy production.

	Vitamin B6 (Pyridoxine)
	A vitamin that plays an important role in amino acid and protein metabolism.

	Vitamin B9 (Folate)
	A vitamin involved in cell division and the synthesis of nucleic acids.

	Vitamin E
	A fat-soluble vitamin with antioxidant properties that helps protect lipids from oxidation.

	Tocopherol
	A biologically active form of vitamin E found particularly in the germ and lipid-rich parts of cereal grains.

	Germ
	The part of the cereal grain from which a new plant develops and which contains various nutrients and biologically active compounds.

	Endosperm
	The main internal part of a cereal grain that contains a large proportion of starch and storage proteins.

	Aleurone layer
	A nutrient-rich layer surrounding the endosperm and containing various vitamins, minerals and other biologically active compounds.

	Outer grain layers
	The external layers of a cereal grain that contain fibre, minerals, vitamins and other compounds.

	Antioxidant
	A substance that helps protect other compounds from oxidative damage.

	Oxidation
	A chemical process that can cause changes in organic compounds, including lipids and some biologically active substances.

	Vitamin retention
	The preservation of vitamins in a food product during processing and storage.

	Milling
	The mechanical processing of cereal grains to produce flour or other cereal products.

	Refined flour
	Flour produced after removing a significant portion of the outer grain layers and germ.

	Whole-grain product
	A product made using the main anatomical components of the whole cereal grain, including the germ and outer layers.

	Nutritional value
	The contribution of a food product to the body's nutrient requirements.

	Energy metabolism
	The biochemical processes through which nutrients are converted and used for energy.

	Enzyme system
	A group of enzymes and related components involved in specific biochemical reactions.

	Biologically active compound
	A substance that produces a biological effect or participates in physiological processes.

	Vitamin stability
	The ability of a vitamin to remain chemically and biologically intact during processing and storage.


1-§. General characteristics of vitamins in cereal grains
Vitamins are biologically active organic compounds that are required in small quantities for normal physiological functions and metabolic processes. Cereal grains contain different vitamins, although their amounts depend on the type of cereal, variety, growing conditions and the anatomical structure of the grain.

Vitamins are not considered major sources of energy, but they have an important role in regulating biochemical reactions in the organism. Many vitamins participate in enzyme systems and are involved in carbohydrate, protein and lipid metabolism. Therefore, the vitamin composition of cereal grains is an important part of their nutritional value.

The most important vitamins found in cereal grains are B-group vitamins and vitamin E. Their distribution throughout the grain is not uniform. The germ, aleurone layer and outer layers generally contain higher concentrations of biologically active substances than the starchy endosperm.

The germ is an especially important part of the grain because it contains various nutrients and biologically active compounds. It contains vitamin E and several B-group vitamins, as well as proteins, lipids and enzymes. The presence of these substances makes the germ nutritionally valuable.

The endosperm, which represents the largest internal part of many cereal grains, contains mainly starch and storage proteins. Compared with the germ and outer layers, the concentration of some vitamins in the endosperm is generally lower.

Table 1. Main vitamins found in cereal grains
	Vitamin
	Main function
	Importance in cereal grains

	Vitamin B1 (Thiamine)
	Participates in carbohydrate and energy metabolism
	Important component of the vitamin composition of cereals

	Vitamin B2 (Riboflavin)
	Participates in metabolic and oxidation-reduction reactions
	Contributes to the nutritional value of cereal products

	Vitamin B3 (Niacin)
	Involved in metabolic reactions
	Important for normal energy metabolism

	Vitamin B6 (Pyridoxine)
	Participates in amino acid and protein metabolism
	Important for biochemical processes

	Vitamin B9 (Folate)
	Involved in cell division and nucleic acid synthesis
	Biologically important micronutrient

	Vitamin E (Tocopherols)
	Provides antioxidant protection
	Particularly important in the germ and lipid-rich parts of grain


The distribution of vitamins is particularly important when considering grain processing. During milling, some outer layers and the germ may be removed. Since these parts contain considerable amounts of biologically active compounds, processing can influence the vitamin composition of the resulting flour.

Vitamin stability is also related to storage conditions. Temperature, moisture, oxygen and storage duration can influence biochemical changes in cereal products. The general biochemical characteristics of grain materials show that moisture and temperature affect metabolic and enzymatic activity, while changes in the main organic components can influence product quality. 

Vitamin E is especially significant because of its relationship with lipid metabolism and antioxidant protection. Since cereal grains contain lipids, particularly in the germ, preservation of vitamin E is connected with maintaining the quality of lipid-containing grain components.

Thus, vitamins form an important part of the biological and nutritional value of cereal grains. Their amount and distribution depend on the anatomical structure of the grain, while processing and storage conditions can influence their preservation. Understanding the distribution and stability of vitamins is therefore important in the technology of flour and cereal products.

2-§. Water-soluble vitamins in cereal grains
Water-soluble vitamins are an important group of biologically active compounds found in cereal grains. They dissolve in water and participate mainly in metabolic processes. The most important water-soluble vitamins present in cereal grains are B-group vitamins, including thiamine (B1), riboflavin (B2), niacin (B3), pyridoxine (B6) and folate (B9).

Vitamin B1 (Thiamine)

Thiamine, or vitamin B1, is an important component of metabolic processes. It participates particularly in carbohydrate metabolism and energy production. Since carbohydrates, especially starch, constitute a major part of cereal grains, thiamine has an important nutritional role in cereal-based foods.

Thiamine is found in different parts of the grain, with relatively important amounts associated with the germ and outer layers. During processing, removal of these parts can reduce the amount of vitamin B1 in the final product.

Vitamin B2 (Riboflavin)

Riboflavin, or vitamin B2, participates in oxidation-reduction reactions and energy metabolism. It is present in cereal grains in smaller amounts than some other B-group vitamins.

The distribution of riboflavin within the grain is not uniform. The germ and outer grain tissues can contain biologically active compounds, while the starchy endosperm is predominantly composed of starch and storage proteins.

Vitamin B3 (Niacin)

Niacin, or vitamin B3, is involved in numerous metabolic reactions. It contributes to the normal utilization of carbohydrates, proteins and lipids.

Cereal grains can contribute niacin to the diet, although its concentration and availability depend on the cereal species and the degree of processing.

 Vitamin B6 (Pyridoxine)

Vitamin B6, also known as pyridoxine, is associated with amino acid and protein metabolism. Since cereal grains contain considerable amounts of storage proteins, vitamin B6 is nutritionally relevant in cereal-based foods.

The amount of vitamin B6 may vary depending on the type of grain and the distribution of nutrients within its anatomical parts.

 Vitamin B9 (Folate)

Folate, or vitamin B9, is a water-soluble vitamin involved in cell division and nucleic acid synthesis. It is present in cereal grains and contributes to their nutritional value.

The concentration of folate can be affected by grain processing because the outer tissues and germ contain a range of biologically active compounds.

Table 2. Main water-soluble vitamins in cereal grains
	Vitamin
	Chemical name
	Main biological role

	B1
	Thiamine
	Carbohydrate metabolism and energy production

	B2
	Riboflavin
	Oxidation-reduction reactions and energy metabolism

	B3
	Niacin
	Metabolic reactions and energy metabolism

	B6
	Pyridoxine
	Amino acid and protein metabolism

	B9
	Folate
	Cell division and nucleic acid synthesis


Water-soluble vitamins are important because they participate in biochemical reactions rather than serving primarily as structural components. Their presence complements the major nutrients of cereal grains, including carbohydrates, proteins and lipids.

The vitamin content of cereal products can change during milling, processing and storage. In particular, the removal of the germ and outer layers during flour production may reduce the concentration of some vitamins. Storage conditions can also influence the stability of biologically active compounds. Therefore, appropriate processing and storage conditions are important for preserving the nutritional value of cereal products.

In general, B-group vitamins represent an important part of the micronutrient composition of cereal grains. Their contribution to carbohydrate, protein and energy metabolism makes them nutritionally significant components of flour and other cereal products.

3-§. Fat-soluble vitamins in cereal grains
Fat-soluble vitamins are biologically active compounds that dissolve in fats and are associated mainly with the lipid-containing components of cereal grains. Among these vitamins, vitamin E is particularly important in cereals. It is present mainly in the germ and other parts of the grain that contain lipids.

Vitamin E

Vitamin E is a fat-soluble vitamin with important antioxidant properties. In cereal grains, vitamin E occurs mainly in the form of tocopherols and related compounds. These substances are particularly concentrated in the germ, where lipid content is also relatively high.

Vitamin E helps protect lipids and other susceptible compounds from oxidative damage. This function is especially important during storage because oxidation of lipids can lead to undesirable changes in the quality of cereal products.

The germ is therefore nutritionally important not only because it contains lipids, proteins and enzymes, but also because it is a significant source of vitamin E. When the germ is removed during intensive grain processing, the content of vitamin E and other biologically active compounds in the resulting product may decrease.

Table 3. Fat-soluble vitamins associated with cereal grains
	Vitamin
	Main form or source
	Main biological role

	Vitamin E
	Tocopherols; mainly concentrated in the germ
	Antioxidant protection

	Vitamin A-related compounds
	Present in some cereals mainly as provitamin A carotenoids
	Participation in physiological functions

	Vitamin D
	Generally present in very small amounts in cereals
	Calcium and phosphorus metabolism

	Vitamin K
	Present in relatively small amounts
	Involved in normal physiological processes


Among these compounds, vitamin E is the most characteristic fat-soluble vitamin associated with cereal grains. Its antioxidant function is particularly relevant to the preservation of cereal lipids.

 Vitamin E and Lipid Stability

Cereal grains contain lipids that can undergo biochemical changes during storage. Lipids may be hydrolyzed by lipase or undergo oxidation. These processes can influence the flavour, odour and nutritional quality of cereal products.

Vitamin E contributes to the protection of lipids against oxidative processes. Therefore, the presence of vitamin E in the germ is important for the biological stability of this part of the grain.

The relationship can be represented as follows:

Vitamin E → Antioxidant protection → Reduced oxidative damage to lipids → Better storage stability
However, vitamin E does not completely prevent lipid oxidation. Its protective effect depends on the overall storage conditions, including temperature, moisture, oxygen availability and storage duration.

Distribution in the Grain

The distribution of fat-soluble compounds within cereal grains is uneven. The germ contains a higher concentration of lipids and biologically active substances than the starchy endosperm. Consequently, removing the germ during milling can significantly change the nutritional composition of the final cereal product.

The source material also identifies lipids as important reserve energy compounds and notes that their content differs according to the type and anatomical part of the grain, with the germ playing an especially important role. 

Thus, fat-soluble vitamins, particularly vitamin E, contribute to the nutritional and biological value of cereal grains. Their association with lipid-rich grain tissues makes them important not only from a nutritional perspective but also in relation to the preservation and storage stability of cereal products.
KEY TERMS: Cereal grain, vitamin, water-soluble vitamin, fat-soluble vitamin, vitamin B1, thiamine, vitamin B2, riboflavin, vitamin B3, niacin, vitamin B6, pyridoxine, vitamin B9, folate, vitamin E, tocopherol, germ, endosperm, aleurone layer, outer grain layers, antioxidant, oxidation, lipid, lipid oxidation, vitamin stability, vitamin retention, nutritional value, biological activity, metabolism, energy metabolism, carbohydrate metabolism, protein metabolism, grain processing, milling, refined flour, whole-grain product, storage stability, storage conditions.
CONTROL QUESTIONS

1. What are vitamins and why are they important in cereal grains? 

2. Which vitamins are mainly found in cereal grains? 

3. What are the main differences between water-soluble and fat-soluble vitamins? 

4. Which vitamins belong to the B-group vitamins found in cereal grains? 

5. What is the biological role of vitamin B1 (thiamine)? 

6. What is the role of vitamin B2 (riboflavin) in metabolism? 

7. What is the importance of vitamin B3 (niacin) in the human body? 

8. What role does vitamin B6 (pyridoxine) play in protein and amino acid metabolism? 

9. What is the biological significance of vitamin B9 (folate)? 

10. Which fat-soluble vitamin is particularly important in cereal grains? 

11. What are tocopherols and what vitamin do they represent? 

12. In which anatomical part of the cereal grain is vitamin E mainly concentrated? 

13. What is the antioxidant role of vitamin E? 

14. How can vitamin E contribute to the protection of cereal lipids during storage? 

15. Why are the germ and outer layers of cereal grains nutritionally important? 

16. How can milling affect the vitamin content of cereal products? 

17. What is the relationship between vitamin content and the nutritional value of cereal products? 

18. How can temperature and moisture influence vitamin stability during storage? 

19. Why is the preservation of vitamins important during cereal processing and storage? 

20. What is the importance of studying vitamins in cereal grains for food technology? 

MAIN CONCLUSIONS
a. Vitamins are biologically active organic compounds that are required in small amounts for normal physiological functions and metabolic processes in the human body.

b. Cereal grains contain various vitamins, with B-group vitamins and vitamin E being particularly important components of their nutritional value.

c. Water-soluble vitamins such as thiamine (B1), riboflavin (B2), niacin (B3), pyridoxine (B6) and folate (B9) participate in carbohydrate, protein, amino acid and energy metabolism.

d. Vitamin E, particularly in the form of tocopherols, is an important fat-soluble vitamin in cereal grains. It has antioxidant properties and contributes to the protection of lipids from oxidative damage.

e. Vitamins are not distributed uniformly throughout the grain. The germ, aleurone layer and outer grain tissues generally contain higher concentrations of biologically active compounds than the starchy endosperm.

f. The germ is nutritionally important because it contains vitamins, lipids, proteins, enzymes and other biologically active substances. 

g. Milling and other processing operations can affect vitamin content because the removal of the germ and outer layers may reduce the concentration of some vitamins in the final cereal product.

h. Storage conditions, including temperature, moisture, oxygen availability and storage duration, can influence the stability of vitamins and other biologically active compounds.

i. The preservation of vitamins during processing and storage is important for maintaining the nutritional value and biological quality of flour and other cereal products.

j. The study of vitamins in cereal grains is therefore important for understanding the nutritional composition of cereals and for improving the processing and storage of cereal products.
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6.  Tables, diagrams, graphs and visual materials on the vitamin composition and distribution of vitamins in cereal grains. 

7. Methodological guidelines for laboratory studies of the vitamin composition, nutritional value and biochemical properties of cereal grains and cereal products.

SELF-CONTROL TESTS

Test Samples

Test
1. What are vitamins?
a) Main sources of dietary fibre
b) Biologically active organic compounds required in small amounts
c) Mineral salts
d) Structural carbohydrates

2. Which vitamins are especially important in cereal grains?
a) Only vitamins A and D
b) B-group vitamins and vitamin E
c) Only vitamin C
d) Only vitamin K

3. Which vitamin is also known as thiamine?
a) Vitamin B2
b) Vitamin B1
c) Vitamin B6
d) Vitamin B9

4. What is the main role of vitamin B1 (thiamine)?
a) Carbohydrate metabolism and energy production
b) Lipid storage
c) Mineral synthesis
d) Formation of starch

5. Which vitamin is known as riboflavin?
a) Vitamin B1
b) Vitamin B2
c) Vitamin B3
d) Vitamin B6

6. What is the main role of vitamin B3 (niacin)?
a) Participation in metabolic reactions
b) Formation of cellulose
c) Storage of water
d) Breakdown of minerals

7. Which vitamin is particularly associated with amino acid and protein metabolism?
a) Vitamin B6
b) Vitamin E
c) Vitamin B2
d) Vitamin K

8. What is another name for vitamin B9?
a) Tocopherol
b) Folate
c) Niacin
d) Thiamine

9. Which fat-soluble vitamin is particularly important in cereal grains?
a) Vitamin B1
b) Vitamin B2
c) Vitamin E
d) Vitamin B9

10. In which part of the cereal grain is vitamin E mainly concentrated?
a) Starchy endosperm
b) Germ
c) Cell wall only
d) Root

11. What is the main biological property of vitamin E?
a) It acts as an antioxidant
b) It forms starch
c) It breaks down proteins
d) It produces minerals

12. Which parts of the grain generally contain higher concentrations of vitamins and other biologically active compounds?
a) Germ and outer grain layers
b) Only the starchy endosperm
c) Only the embryo membrane
d) Only the grain surface

13. How can milling affect the vitamin content of cereal products?
a) It can reduce some vitamins by removing the germ and outer layers
b) It always increases all vitamins
c) It completely eliminates carbohydrates
d) It converts vitamins into proteins

14. Which factors can influence vitamin stability during storage?
a) Temperature, moisture, oxygen and storage duration
b) Only grain colour
c) Only grain shape
d) Only particle size

15. Why is the study of vitamins important in cereal technology?
a) To understand and preserve the nutritional value of cereal products
b) Only to determine grain colour
c) Only to measure grain size
d) Only to increase product weight
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