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Modern technologies and advanced scientific research are leading to the development of
new production systems that increase the nutritional value of flour and groat products,
preserve their biologically active properties, and enable the production of ready-to-eat food
products. Today, the production of enriched flour varieties containing high levels of protein,
dietary fiber, vitamins, and microelements has been established. At the same time, the
production of groats and semi-finished products that significantly reduce cooking time or do
not require cooking at all is expanding.

The efficiency of grain processing has significantly improved, with a reduction in
electricity consumption and an observed enhancement in the nutritional and biochemical
quality of the products. In particular, the complete processing of grain—i.e., obtaining flour,
groats, and other by-products—ensures the rational and economically efficient use of
resources.

In the flour production process, different parts of the grain—the endosperm, germ, and
bran—are milled in specific proportions. If the flour contains only the endosperm part, it is
referred to as refined flour. Conversely, if the entire grain, including the bran, endosperm, and
germ, is milled together, the resulting product is called wholemeal flour (or whole wheat flour).

Today, various grades of flour differing in protein, starch, vitamin, and mineral content
are being produced using modern mills equipped with high-efficiency, automated, and
digitalized technological lines. These products are widely used in the bread, pasta,
confectionery, and baby food industries, and are adapted to meet the nutritional needs of
different social groups of the population.
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Biochemical Properties of Grain and Flour

The biochemical properties of grain are determined by its chemical composition, the
distribution of these substances across its anatomical parts, and the activity of hydrolytic
enzymes. During the preparation and processing of grain, its biochemical properties can change
significantly under the influence of water and heat during hydrothermal treatment.

The nutritional and biological value of flour and groat products depends on the effective
management of technological processes, taking into account the chemical composition and
properties of the grain.

In organizing and managing technological processes, it is essential to consider that grain
is a living organism.

Under suitable conditions, when moisture and heat are present in the required amounts,
the grain begins to germinate and a new plant starts to develop. All the processes that occur in
living organisms—such as respiration, exchange with the environment, synthesis, and
breakdown of substances—also take place in viable grain. These processes are regulated by the
enzyme system, and their intensity depends on the grain’s moisture content and temperature.

The processes that occur at all stages of the grain’s condition and its interaction with the
surrounding environment are regulated by biological systems.

Dry grain remains in a dormant state (anabiosis). However, when the grain's moisture
content and temperature increase (up to 45-55°C), enzyme activity intensifies, initiating
processes in the grain that lead to the development of a new plant from the germ. The maximum
activity of enzymes is determined by their nature—that is, the presence of relatively free
(loosely bound) water in the grain and the prolonged influence of temperature activate them.

The Chemical Composition of Grain and Its Anatomical Parts

The cereal grains used for flour and groats are mainly characterized by a high starch
content. Legume seeds, on the other hand, are rich in protein—for example, soybeans also have
a high oil content (see Table 1.4). Grains used as groats tend to have a high fiber content, which
is explained by the preservation of their husk. The uneven distribution of chemical substances
within the grain's anatomical parts is related to the distinct biological functions of the germ,
endosperm, outer bran layer, and husk. These differences are presented in detail in Table 1.

Table-1
Content of Main Chemical Substances in Grain, % of Dry Matter
Crop type Protein Starch fiber Fats Ash content
wheat 10...20 60...75 2.3 2..2,5 1,5..2,2
rye 8..14 58...66 1,8..3,2 1,7.3,2 1,7..2,3
Barley 11..15 58...68 4,5..7,2 1,9.2,6 2,7..3,1
Oats 10..13 40...50 11,5..14 4,5.5,8 4,0..5,7
Triticale 11..23 49..57 2.3 3.5 1,8..2,2
Rice 8..10 65...75 9,5.12,5 1,5..2,5 4,5..6,8
Millet 10..15 58...65 10..11 1,9.2,3 3,7..4,5
White sorghum 9..14 51..61 5...6,5 2,7..3,7 1,8..2,4
Maize 9..11 68..76 2,5..3 4.6 1,4..1,8
Buckwheat 10..13 66...68 10..16 2,3.3,1 2,3..2,6
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Chickpea 21..32 46...61 5.3 1,3.2,9 2,5..4,0
Soybean 30..32 2.4 4.5 15..18 4,0..5,2
Table-2
Content of Chemical Substances in the Anatomical Parts of Wheat and Rye Grain, %
of Dry Matter
Cere.al Anatomical Protein | Starch C{“ude Pentosans Fats Ash
grain parts fiber content
Fruit peel 5..8 - 20..22 25..30 1.2 3,5..24,5
Seed coat 12..20 - 1..1,5 14...36 0..0,2 7..20
Aleurone 1 ¢ 20 i 5..7 6..8 10..15 | 14,5..17
wheat layer
Embryo 24..42 - 2..2,5 9..11 13..24 | 5,5..6,5
Starch
A 12,15 | 75..80 | 0,1..0,2 2.3 [07..10]035..05
endosperm
Peels 1..3 - 22..28 30..35 1.2 4.6
Aleurone | o g . 2.4 12..15 | 10.16 | 11.16
e layer
y Embryo | 30..40 i 3.5 6.9 15.20 | 5.7
Starch
A 9 12 | 73.79 | 03..0,5 4.6 0,5..0,8 | 04..0,7
endosperm

As seen in Table 2, the bran is characterized by a high fiber content, while the germ and
aleurone layer are rich in protein and fats. Starch is found only in the endosperm. The
anatomical parts of the grain differ significantly in terms of ash content, which is an important
indicator used to control the quality of refined flour. The bran mainly contains substances that
are indigestible for the human body. The germ and the aleurone layer of the endosperm have a
high protein content, but also a high fat content, which can shorten the shelf life of flour.
Therefore, during the milling process, the bran and germ are separated from the grain.

The nutritional value of food products is determined by their ability to meet the body’s
need for essential organic and mineral substances required for human growth and
development, as well as the energy needed to maintain work capacity.

To ensure proper physiological functioning, a person should consume food daily that
provides between 480 to 2800 kilocalories of energy, depending on age, gender, type of work
performed, and climatic conditions The composition of food must be balanced, meaning it
should contain a complete set of biologically active compounds. The diet must include proteins,
essential amino acids, vitamins, minerals, fats, and other nutrients. For example, proteins, fats,
and carbohydrates should be present in the following proportions:

On average, a person should consume the following amounts of essential amino acids and
water-soluble vitamins per day through food: Tryptophan - 1.0 g, Threonine - 2.5 g, Isoleucine
- 3.5 g, Lysine - 4.0 g, Valine - 3.5 g, Phenylalanine - 3.0 g, Methionine - 3.0 g, Leucine - 5.0 g,
Thiamine (Vitamin B1) - 1.75 mg, Riboflavin (Vitamin B2) - 2 mg, Niacin (Vitamin B3) - 20
mg.The average daily protein intake should be about 80 grams.
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If the biological value of egg protein is taken as 100, then the biological value of oat grain
protein is 78, that of wheat is 62-67, corn is 52-58, millet is 57, and pea protein is 49-51. By
consuming various products made from flour and groats, a person can meet approximately 15-
20% of their protein requirements, 5-20% of their requirements for microelements, and 17-
54% of their requirements for water-soluble vitamins.

The amount of vitamins in bread made from high-grade and first-grade wheat flour is
significantly reduced. In bread made from high-grade wheat flour, the thiamine content is 1.5
times lower, and the niacin content is 2.5 times lower.

Various methods can be applied to increase the biological value of flour and groats. During
the milling process, it is possible to form different quality grades of flour by combining flour
streams from each technological system, taking into account the content of protein, vitamins,
and microelements. By rationally blending flour streams, it is possible to produce high-protein,
low-protein, and other types of flour.

When the flour extraction rate exceeds 70%, the content of biologically valuable
substances in the flour also increases. The higher the flour yield, the greater its biological value.
However, at the same time, the amount of fiber—indigestible by the human body—also
increases. For example, flour obtained from the 3rd break system contains 0.30% fiber, while
flour from the 7th break system contains 1.59% fiber, which is more than five times higher.

In flour and groats production, hydrothermal treatment of the grain increases the
nutritional value of the final products. When wheat grain undergoes accelerated and high-
temperature hydrothermal treatment, the vitamin content in high-grade flour increases
significantly.
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