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minerals - 1.8-2.5%, fiber — 2 - 3%. Sorghum grain contains more protein and less fat
compared to corn [2, 4, 5].

Nitrogen-free extractives of sorghum grain consist mainly of starch, so its digestibility is
very high. In general, the chemical composition of sorghum grain depends on a number
of factors - the biological characteristics of varieties and hybrids, cultivation technology,
as well as climatic conditions [1]. In this case, different hybrids of grain sorghum have
very different characteristics, determined by the chemical composition and nutritional
value of this crop. For versatile use of sorghum grain, it is necessary to neatly knows all
its properties, as well as its chemical and quantitative component of various elements:
proteins, fats, carbohydrates, vitamins, micro and macronutrients.

Analysis of recent research and publications. Grain sorghum is a cereal crop with a
long history of cultivation. Its morphological and physiological features, such as the
structure of the leaf apparatus, the presence of a waxy protective layer, the ability to use
water sparingly, the possibility of prolonged stay in a state of anabiosis and restoration
of vegetation with moisture, determine heat resistance [6, 8].

This crop is useing to feed domestic animals as a food crop as well as in organic
nutrients. Sorghum has a small amount of gluten and a large amount of fiber, which is
the basis of the principle of healthy eating in many countries [7, 10].

Globally, sorghum grains are in third place after wheat and rice in the human diet.
Sorghum grain contains vitamin Bl, biotin (vitamin H), phosphorus and more.
Moreover, as an antioxidant and anti-inflammatory agent is almost more useful than
blueberries and pomegranates: 1 g of sorghum contains up to 62 mg of polyphenolic
compounds. For comparison, blueberries, which always be consider the "champion" in
the content of these components, have only 5 mg per 100 g. The caloric content of
sorghum varies, depending on the variety. However, on average, cereals have about 300
kcal. Moreover, 100 g of sorghum flour contains 350 kcal. If you take 90% of wheat
flour and add 10% of sorghum - you will get diet bread, which hardens more slowly and

has a longer shelf life [9, 11, 15].
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In addition, in Ukraine sorghum is useing to produce cereals, extruded products, starch,
oil, canned meat, beer components, organic dyes [12, 14]. Important elements in
sorghum cereals are vitamins (folic acid, biotin, provitamin A, thiamine (B1), riboflavin
(B2), niacin (PP), B6, E), minerals (phosphorus, potassium, magnesium) and trace
elements (iron, manganese, copper, molybdenum). Thus, grain sorghum (two-color)
provides a person with almost all nutrients: proteins and amino acids, fats and fatty
acids, carbohydrates, vitamins, minerals, trace elements and it useing by others as an
important source of nutrition [13, 16].

Research methodology. The studies used seeds of grain sorghum hybrids, which are
included in the State Register of plant varieties suitable for distribution in Ukraine:
selection of Ukrainian (Lan 59), French (Targga, Anggy, Burggo) and American (Prime,
Yuki) selection.

The mass fraction of protein substances was determining by the Kieldal method [18], fat
content - by Sokslet method [18], starch content - by Evers method [18], ash content -
according to GOST 27494-87, sugar content - by iodometric method, dietary fiber
content - by GOST R 54014-2010.

Fatty acid composition of lipids - according to GOST 30418-96, the composition of
individual amino acids - by ion-exchange liquid chromatography on an automated amino
acid analyzer TT 339 (Czech Republic).

Other trace elements on X-ray fluorescence analyzer by vitamin method o
electrophoresis, fat-soluble vitamins - HPLC method GOST 26753.1-93 and GOST
50929-96 of the Russian Federation.

Research results. Knowing the content of proteins, fats and carbohydrates, you can
determine the caloric content of a product that must meet standard standards and
requirements.

According to the results of research on the caloric content of seeds of American hybrids
of grain sorghum, it differed slightly from hybrids of French and domestic selection. The

caloric content of seeds of American hybrids was in the range - 316-320, the French - a
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The content of vitamin B1 in the seeds of the Ukrainian hybrid Lan 59 and French -
Targga, Anggy, Burggo was slightly lower and amounted to 0.38 - 0.42 mg / 100 g,
respectively.

At one quantitative level in the seeds of hybrids of Ukrainian and American selection
Lan 59 and Prime was the content of Vitamin B2 (Riboflavin), which was - 0.15 mg. In
other hybrids, these figures ranged from 0.12 to 0.14 mg / 100 g.

The highest content of vitamin B3 ("niacin" or "niacinamide"), which provides
normalization of energy metabolism, i1s characterized by seeds of hybrids of American
and domestic selection. Thus, in Prime, Yuki and Lan 59, the niacin content was - 3.2 -
3.3 mg, in the French - it was at the same level - 3.0 mg / 100 g.

The content of pantothenic acid (vitamin B5), which is involved in metabolic processes
and synthesis of a number of hormones, in the seeds of the studied hybrids was at the
same level and was - 1.0 mg / 100 g. A similar situation with pyridoxine (vitamin B6),
which corresponds for the immune and nervous systems, and is contained in the same
quantitative composition at the level of 0.3 mg / 100 g of all studied hybrids of grain
sorghum.

Vitamin B7 is involved in the synthesis of fats, glycogen, amino acid metabolism; it is
call vitamin H (biotin). The seeds of the French hybrid Burggo were define by its lowest
content, which was 0.014 mg / 100 g. In the hybrid Lan 59 and the French - Targga and
Anggy biotin content ranged from 0.016 to 0.017 mg / 100 g. In the American hybrid
grain sorghum - Prime found the highest biotin content, which was 0.018 mg/ 100 g.
Vitamin PP is involved in redox reactions of energy metabolism. The lowest content of
vitamin PP was observing in the seeds of French hybrids Targga, Anggy, Burggo at the
level of 2,899 - 2,912 mg. The best indicators were characterized by the American grain
sorghum hybrid Yuki and Ukrainian Lan 59, in the seeds of which the same content of
vitamin PP was noted in the range of 2.917 mg / 100 g. 100 years.

The nutritional value of seeds of different hybrids of grain sorghum was determining not

only by the content of proteins, fats and carbohydrates, but also by active catalysts of

64






The lowest content of S 1n its composition - 84 mg, was define by a hybrid of French
selection - Targga, 12 mg more was in the hybrid Prime - 96 mg / 100 g

In the seeds of French hybrids, the content of potassium (K) range from 208 to 235 mg,
in American hybrids, these figures were higher. Thus, in the hybrid Yuki and Prime, the
potassium content was respectively - 237 and 245 mg / 100 g

It was determined that the lowest Ca was in the seeds of the Ukrainian hybrid Lan 59, in
which its content was 90 mg, while the highest values of this element formed the
American and French hybrids Prime and Anggy - 98 mg / 100 g.

Such a macroelement as silicon (Si) i1s included as a structural component in the
composition of glycosaminoglycans, this element was present in smaller quantities in the
seeds of French hybrids in the range from 35 to 37 mg. Slightly higher rates were in the
hybrids Lan 59 and Yuki, respectively - 40 and 41 mg / 100 g. The American hybrid of
sorghum grain contained much more silicon, at the level of - 46 mg / 100 g.

Magnesium is involved in energy metabolism, as well as the synthesis of proteins and
nucleic acids, has a stabilizing effect on the membranes needed to maintain homeostasis
of calcium, potassium and sodium. The lowest content was founding in the seeds of the
Anggy hybrid - 115 mg, this hybrid also contains the lowest CI content - 38 mg / 100 g.
It was founding that the highest content of magnesium and chlorine was in the American
hybrid sorghum, which was - 125 and 51 mg/ 100 g.

Therefore, it was be argued that the American hybrid of sorghum grain Prime was define
by the highest performance of all components that form macronutrients. In addition to
macronutrients, micronutrients also play an important role in the biological (genetic)
characteristics of various grain sorghum hybrids. Thus, iron (Fe) is part of various
functions of proteins, including enzymes, and provides redox reactions. The content of
this microelement in the seeds of French hybrids ranged from 3.78 to 4.23 mg, while
that of American hybrids ranged from 4.31 to 4.40 mg / 100 g, respectively (Fig. 4).

A trace element such as cobalt (Co), which is part of vitamin B12, also activates the

enzymes of fatty acid metabolism and folic acid metabolism. As a result of research it
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Copper is part of the enzymes that provide redox activity and participate in iron
metabolism, stimulating the absorption of proteins and carbohydrates. In the
composition of French hybrids such as Targga and Anggy, there was a much smaller
number of them at the level of 0.315 and 0.312 mg, in Lan 59 the content of Cu was
slightly higher - 0.325 mg. Significantly higher rates of copper were in the seeds of
American hybrids and ranged from 0.375 to 0.380 mg / 100g.

Regarding no less important trace element as zinc, which is part of more than 300
enzymes, and participates in the synthesis and breakdown of carbohydrates, proteins,
fats, nucleic acids, we can note the advantage of American and Ukrainian hybrid Lan 59
over the French. Thus, the zinc content of French hybrids ranged from 1.94 to 2.00 mg,
compared with the American hybrid Yuki and the Ukrainian hybrid Lan 59, respectively
2.02 and 2.03 mg. The American hybrid sorghum grain Prime has the highest content of
such a trace element as zinc at the level of 2.15 mg / 100 g.

Conclusions. In terms of nutritional value, namely the highest content of proteins, fats
and carbohydrates among the studied hybrids, the American - Prime stood out, the
caloric content of which was - 320 Kcal., From the French - the hybrid - Burggo with
caloric content - 318 Kcal.

The highest levels of thiamine were founding in the seeds of hybrids of American
selection - Yuki and Prime, which were - respectively - 0.43-0.45 mg / 100 g. In the
seeds of American hybrid sorghum grain - Prime found the highest biotin content -
0.018 mg/ 100 g.

The studied hybrid of sorghum grain American selection Prime was define by the
highest content of Na in its composition, which was - 26 mg / 100 g. Because of
research, it was founding that the content of Co in all studied hybrids of grain sorghum
was in the same amount and was - 2.0 mg/ 100 g.

The highest content of Al was founding in the seeds of French hybrids, these figures
ranged from 1,550 to 1,555 mg / 100 g. The content was the best American hybrid Yuki,
as the content of this trace element was - 0.347 mg, the French hybrid Burggo had the
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lowest boron content - 0.325 mg. In the seeds of the American hybrid sorghum grain
Prime found the highest content of such a trace element as zinc at the level of 2.15 mg /

100 &/

REFERENCES
1. Drobot V. 1., Prykhodko Yu.S., Belaia N. I. (2017). Characterization of chemical
composition and technological properties of whole grain sorghum flour. Food resources.
3. 115-120.
2. Kaijage J. T., Mutayoba S. K., Katule A. (2014). Chemical composition and nutritive
value of Tanzanian grain sorghum varieties. Livestock Research for Rural Development.
26.10
3. Palavecino P. M., Penci M. C., Calderon-Dominguez G., Georgina, Ribotta, Pablo
Daniel. (2016). Chemical composition and physical properties of sorghum flour
prepared from different sorghum hybrids grown in Argentina Wiley VCH Verlag. 68.
11-12. 1055-1064.
4. Mohapatra D., Patel A. S., A. Kar, Deshpande S. S., Tripathia M. K. (2019). Effect of
different processing conditions on proximate composition, anti-oxidants, anti-nutrients
and ino acid profile of grain sorghum Food chemistry. 271, 15 January 129-135.
https://doi.org/10.1016/j.foodchem.2018.07.196
5. Afshar R. K., Jovini M. A. Chaichi M. R. Hashemi M. (2014). Grain sorghum
response to arbuscular mycorrhiza and phosphorus fertilizer under deficit irrigation.
Agronomy Jurnal. 106 (4) 1212-1218. https://doi.org/10.2134/agronj13.0589
6. Hamed AHM, Abbas S. O., Ali K. A., Elimam M. E. (2015). Stover yield and
chemical composition in some sorghum varieties in Gadarif state, Sudan. Animal
Review. 2(3), 68-75.
7. Serna-Saldivar S. O., Espinosa-Ramirez J. (2019). Sorghum and Millets, Grain
structure and grain chemical composition. Sorghum and Millets (Second Edition)

Chemistry, Technology and Nutritional Attributes. 85-129.

69



8. Impa S. M., Perumal R., Bean S. R., Sunoj VSJ (2019). Water deficit and heat stress
induced alterations 1in grain physico-chemical characteristics and micronutrient
composition in field grown grain sorghum. Journal of Cereal Science. 86, 124-131.

9. Fan Zhu (2014). Structure, physicochemical properties, modifications, and uses of
sorghum starch. Comprehensive reviews in food science and food safety. 13 (4 ). 597-
610. https://doi.org/10.1111/1541-4337.12070

10. Anunciagdo P. C., Cardoso L de Morais, Gomes JVP., Lucia C MD., Carvalho C W
P., Galdeano M. C., Queiroz V A V., Alfenas R C G., Martino H. S. D., Pinheiro-
Sant'Ana H. M. (2017). Comparing sorghum and wheat whole grain breakfast cereals:
Sensorial acceptance and bioactive compound content. F'ood chemistry. 221, 984-989.
11. Bean S. R., Wilson J. D., Moreau R. A., Galant A., Awika J. M., Kaufman R. C,,
Adrianos S. L., Toerger B. P. (2019). Structure and composition of the sorghum grain.
Sorghum: A State of the Art and Future Perspetives,. Volume 58 P. 23-29.
https://doi.org/10.2134/agronmonogr58.c. 9.

12. Pontieri, Paola; Troisi, Jacopo; D1 Fiore, Raffaele; D1 Maro, Antimo; Bean, Scott R;
Tuinstra, Mitch R; Roemer, Earl; Boffa, Antonio; Giudice, Angelica Del; Pizzolante,
Graziano; Alifano, Pietro and Giudice, Luigi Del. (2014). Mineral contents in grains of
seven food-grade sorghum hybrids grown in a Mediterranean environment. Australian
Journal of Crop Science, 8 (11), 1550-1559.

13. Gebremariam G., Assefa D. 2015 Nitrogen Fertilization Effect on Grain Sorghum
(Sorghum bicolor L. Moench) Yield, Yield Components and Witchweed (Striga
hermonthica (Del.) Benth) Infestation in Northern Ethiopia. International Journal of
Agricultural Research. 10, 14-23.

14. Kalenska S.M., Naidenko V.M. (2019). The qualitative composition of sorghum
grain, depending on the elements of cultivation technology. Taurian Scientific Bulletin:
Scientific Journal. 105. (1). Kherson: Helvetik Publishing House, 82-89.15.

16. J. B. Jones Jr. (2001). Laboratory guide for conducting soil tests and plant analysis.
357.

70



17. Kovalchuk V. P., Vasylev V. H., Boiko L.V., Zosymov V. D. (2010). Collection of
soil and plant research methods. Kiev: Labor-GriPol., XXI Century, 252.

18. Hrytsaienko Z.M. (2003). Methods of biological and agrochemical studies of plants
and soils. Kiev: Nichlova, 316.

19. Ermantraut E. R., Prysiazhniuk O. 1., Shevchenko I. L. (2007). Statistical analysis of
agronomic research data in STATISTICA 6.0 package. Kyiv: Polygraph Consulting, 55.

71















