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MILLET IS A VALUABLE CROP FOR THE PRODUCTION 
OF GROATS AND GRAIN-BASED PRODUCTS 
 

Abstract    

Millet, being one of the oldest cereal crops, has a wide geographical distribution and serves as a key dietary component in 

many regions of the world. Its cultivation is concentrated in areas with arid climates and unfavorable conditions for other crops. 

Thanks to its resilience to poor soils and ability to withstand prolonged periods of drought, millet has become an indispensable 

source of food and animal feed in many countries of Africa, Asia, and parts of Europe. The primary regions for millet cultivation 

include West Africa, India, China, as well as certain parts of North America, Central Asia, and Eastern Europe. In West Africa, for 

instance, countries like Niger, Mali, and Senegal are leading producers of this crop. Millet is a staple food crop there, used to pre-

pare traditional dishes such as porridges and beverages. China plays a significant role in millet production, cultivating it for both 

domestic consumption and export. In North America, millet is grown primarily for fodder, with the United States being the main 

producer. In Europe, millet occupies a limited portion of agricultural land, but some countries have seen its cultivation gain popular-

ity due to the rising demand for healthy foods and drought-resistant crops. France and Italy are the primary European producers of 

millet. The chemical composition of millet makes it a unique crop among cereals. It is rich in proteins, carbohydrates, fats, minerals, 

and vitamins. The foundation of millet's chemical composition lies in complex carbohydrates, which provide energy and are slowly 

digested, making them particularly important for maintaining stable blood glucose levels. Millet protein has high biological value 

and contains essential amino acids like methionine and lysine, which are often lacking in other cereal crops. Additionally, millet is 

rich in healthy fats, including unsaturated fatty acids, which help normalize cholesterol levels in the body. Millet contains a signifi-

cant amount of B vitamins, including thiamine (B1), riboflavin (B2), niacin (B3), and pyridoxine (B6). These vitamins play a key role 

in metabolic processes, support the nervous system, and contribute to overall health. Millet is also a source of tocopherol (vitamin 

E), which has antioxidant properties and protects cells from oxidative stress. The mineral composition of millet includes substantial 

concentrations of potassium, magnesium, phosphorus, iron, zinc, and copper. These minerals are crucial for the proper functioning 

of the cardiovascular system, bone tissue, blood formation, and the immune system. The high iron content is particularly noteworthy, 

making millet an important food for preventing anemia. The presence of antioxidants such as polyphenols and flavonoids gives millet 

anti-inflammatory properties and a positive impact on reducing the risk of chronic diseases, including diabetes and cardiovascular 

disorders. 

Keywords: millet, types of millet, chemical composition of grain, protein content, fat content, carbohydrate content, 

vitamin content, groat production, millet processing products. 

 

Introduction 

Millet is one of the oldest and most important 

cereal crops, playing a significant role in ensuring food 

security in many countries worldwide. This grain is re-

nowned for its resilience to adverse conditions such as 

drought, high temperatures, and poor soils. Due to these 

characteristics, millet is successfully cultivated in various 

climatic zones, including regions with challenging agri-

cultural conditions. 

The history of millet cultivation as a cereal crop 

dates back thousands of years. Archaeological evidence 

suggests that millet was among the first cereal crops cul-

tivated by humans. In East Asia, particularly in present-

day China, millet cultivation began during the Neolithic 

period, approximately 8–7 thousand years ago. Chinese 

sources refer to millet as a staple food alongside rice. 

Ancient Chinese people used millet to prepare porridge, 

soups, and even alcoholic beverages. 

At the same time, millet spread to Europe 

through migration and trade. It played an essential role in 

the diet of ancient civilizations, including Greece and 

Rome. During medieval Europe, millet was a primary 

grain for making porridge and bread. It was widely 

grown in regions with infertile soils where other crops, 

such as wheat or barley, yielded poor harvests. 

On the African continent, millet has been culti-

vated since ancient times. In regions like modern-day 

Mali, Niger, and Sudan, millet became a staple food 

source. Its tolerance to heat and drought allowed local 

communities to successfully grow millet even under the 

harshest conditions. In West Africa, millet is the founda-

tion for traditional dishes such as pounded porridge, fer-

mented beverages, and other products. 

India also has a long history of millet cultiva-

tion, where it is known by names like "ragi" and "jowar." 

In northern and central regions of the country, millet was 

used to prepare flatbreads, porridges, and beverages. Due 

to its nutritional value and ability to grow in arid areas, 

millet became an indispensable part of the Indian diet, 

particularly among the poorer population. 

In North America, millet gained popularity only 

in recent centuries, primarily as a fodder crop. However, 

indigenous peoples may have used wild millet species 

long before colonization. In modern times, interest in 
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millet has increased due to its nutritional value and glu-

ten-free properties, making it popular among individuals 

with gluten sensitivity [1-4]. 

In the territory of modern-day Ukraine, millet 

has been cultivated since ancient times. Archaeological 

findings indicate its use during the Trypillian culture 

period. Over the centuries, millet remained a vital com-

ponent of the rural diet, as it was easy to grow and pro-

vided stable yields even in unfavorable years. 

 

Literary review 

Today, millet is one of the most important crops 

in the world, and its cultivation continues to expand due 

to its drought resistance and minimal water requirements. 

This crop is widely utilized in various regions globally, 

including Asia, Africa, Europe, and the Americas, alt-

hough its role and production volumes differ significant-

ly depending on the region. Worldwide, the total area 

under millet cultivation exceeds 35 million hectares, and 

this figure continues to grow. 

India is the largest millet producer globally, with 

over 13 million hectares of cultivated land. Annually, 

India produces about 10 million tons of millet, account-

ing for approximately one-third of global production. 

China ranks second in millet production, with about 1.5 

million hectares under cultivation and a total annual out-

put of approximately 4 million tons. Africa is a key re-

gion for millet cultivation, with many countries actively 

involved in growing this crop. For instance, Nigeria is 

the largest millet producer in Africa, with about 3 million 

hectares of cultivated land.  

In North and South America, millet is grown on 

a smaller scale compared to Asia and Africa, but its agri-

cultural importance is increasing, especially due to grow-

ing interest in alternative crops that can withstand ex-

treme climatic conditions. In North America, the United 

States is the leading millet producer, with cultivation 

gaining popularity due to its drought resistance and abil-

ity to adapt to diverse climatic conditions. In the U.S., 

millet cultivation areas range from 100,000 to 150,000 

hectares, depending on the year, demand, and economic 

feasibility. Millet in the U.S. is primarily used for fodder 

purposes, but the increasing demand for gluten-free 

products and healthy foods is driving the development of 

a consumer market for millet products, including millet 

flour, grains, and other food products. 

In Europe, millet occupies a limited portion of 

agricultural land, but several countries are seeing a rise in 

its cultivation due to growing demand for healthy foods 

and drought-resistant crops. France and Italy are the pri-

mary millet-growing countries in Europe. In France, mil-

let cultivation covers about 50,000–60,000 hectares, 

while in Italy, the area is around 20,000–30,000 hectares. 

The limited cultivation of millet in Europe is attributed to 

the prevalence of other high-yield crops, such as wheat, 

corn, and barley. However, in recent years, millet has 

been gaining attention as a crop well-suited to climate 

change, particularly in areas increasingly affected by 

droughts.  

Overall, millet cultivation in Europe and the 

America is becoming increasingly significant due to its 

ability to adapt to diverse climatic conditions and the 

growing need for drought-resistant crops to ensure food  

security [5-9].  

In Ukraine, millet is one of the primary cereal 

crops, cultivated for its adaptability to various climatic 

conditions and economic efficiency. The main regions of 

millet cultivation are the steppe and forest-steppe zones, 

where favorable climatic conditions allow for stable 

yields even with minimal moisture levels. A significant 

portion of millet-growing areas is located in Chernihiv, 

Poltava, Kharkiv, Odesa, and Mykolaiv regions. In 2024, 

the sown area of millet in Ukraine was approximately 

92.6 thousand hectares, showing a growth trend com-

pared to previous years. Chernihiv region leads in total 

production, accounting for over 20% of the total harvest-

ed grain in Ukraine. 

The State Register of Plant Varieties Suitable 

for Distribution in Ukraine lists 35 varieties of common 

millet (Panicum miliaceum L.) used as cereal grains. The 

most widespread variety in Ukraine is Myronіvs'ke 51, 

registered in 1978. Kyivs'ke 87 and Kyivs'ke  96 were 

registered in 1991 and 1999, respectively. In the first two 

decades of the 21st century, new millet varieties were 

almost annually added to the Register. The largest num-

ber of varieties was registered in 2006, including Den-

viks`ke, Zolushka, Konstantynivs`ke, Lana, and Tav-

riis`ke. Over the past four years, six new varieties have 

been added to the Register: Dyvovyzhne (2020), Kaz-

kove dzherelo (2020), Kornberger Mittelfruhe (2020), 

Yardush (2021), Kesha (2022), and Peremozhne (2023). 

These data indicate continuous work on millet breeding 

in Ukraine and the availability of promising modern vari-

eties to expand the raw material base for cereal factories. 

The economic significance of millet in Ukraine 

is also driven by its use in the food and feed industries. 

The demand for high-quality millet grain for both domes-

tic consumption and export stimulates the development 

of breeding programs and improvements in cultivation 

technologies. In the future, this crop could occupy a larg-

er share of cultivated land in regions facing water scarci-

ty and requiring drought-resistant plants. 

In the food industry, millet is primarily used for 

the production of groats, flour, and flakes. Millet groats 

are one of the main products derived from this crop. In 

Ukraine, millet groats are widely used for preparing tra-

ditional dishes, such as porridges. Due to its high nutri-

tional value, millet is actively included in baby food and 

in the diets of individuals adhering to a healthy lifestyle. 

Millet groats are rich in essential nutrients, including 

proteins, carbohydrates, minerals (magnesium, potassi-

um, iron), and B vitamins [10-11]. 

In recent years, the popularity of gluten-free 

products has grown in Ukraine, and millet has become an 

important alternative flour source. Millet flour is widely 

used in the production of gluten-free baked goods, such 

as bread, cookies, pancakes, and other pastries, making it 

popular among people with celiac disease or other gluten 

intolerance-related disorders. Ukraine also has manufac-

turers specializing in gluten-free products, where millet 

serves as a key ingredient. 

Another significant area of production is millet 

flakes. This is a popular breakfast product sold both as a 

ready-to-eat option and as an ingredient for further use. 

Millet flakes are convenient to prepare, cook quickly, and 

retain most of the grain's beneficial properties. They can 
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be consumed on their own or added to milk, yogurt, or 

fruit salads. Some companies also produce mixed millet 

flakes combined with other grains, fruits, or berries to 

create new flavor profiles. 

 

Formulation of the problem 

In Ukraine, the consumption of millet-based 

products remains limited, although this crop holds signif-

icant nutritional importance. Historically, millet was one 

of the staple grains, especially in rural areas, where it was 

used to prepare porridge and various dishes. However, 

over time, millet's role in the food industry has signifi-

cantly diminished, and there is a noticeable decline in its 

consumption across Ukraine. This trend can be attributed 

to several factors, including changing dietary habits, eco-

nomic challenges, and competition from other grains 

such as wheat, corn, and rice, which are more commonly 

included in Ukrainians' diets. 

According to recent statistics, millet product 

consumption in Ukraine does not exceed a few tens of 

thousands of tons annually. The primary millet-based 

products consumed in the country include groats, flour, 

and flakes.  

One key factor contributing to the low consump-

tion of millet products in Ukraine is the dominance of 

other grain crops like wheat, corn, and rice in people's 

diets. Wheat occupies a leading position in Ukraine’s 

grain market and serves as the main raw material for pro-

ducing bread, baked goods, pasta, and other staple foods. 

Corn is widely used for animal feed, as well as for pro-

ducing corn oil and food products. Meanwhile, rice has 

become a popular ingredient in Ukrainian cuisine, further 

positioning it as a competitor to millet. 

The decline in millet consumption is also linked 

to various economic and social factors. One major reason 

is its low popularity among producers, resulting in a lim-

ited variety of millet products on the market. Additional-

ly, millet is often less profitable for large agricultural 

enterprises compared to more popular crops like wheat or 

corn. As a result, millet does not receive sufficient sup-

port from major processing companies, which leads to 

reduced production volumes and limits the availability of 

millet products on the market. 

Another important factor is the shift in culinary 

habits. Modern Ukrainian consumers often prefer more 

accessible and familiar products that require less time to 

prepare. While millet porridge is highly nutritious, it de-

mands more preparation time and is less commonly used 

than rice or wheat-based products. Furthermore, younger 

generations are generally unfamiliar with traditional mil-

let dishes, further reducing demand for such products. 

Challenges related to the consumption of millet 

products in Ukraine also include a lack of adequate infra-

structure to promote this crop. The market offers an in-

sufficient range of millet-based products, which could 

otherwise meet contemporary consumer needs. Products 

such as millet groats, flour, flakes, and gluten-free items 

are only gradually gaining popularity, but they remain 

relatively inaccessible and are represented by a limited 

number of brands. This lack of variety acts as a barrier to 

wider millet consumption. 

An additional issue is the limited availability of 

information about millet. Many consumers are unaware 

of its health benefits and potential role in a balanced diet. 

Modern marketing seldom focuses on millet, which leads 

to low awareness among Ukrainians regarding its ad-

vantages. Millet is rich in valuable micronutrients such as 

magnesium, phosphorus, iron, and potassium, as well as 

B vitamins, making it a vital food for maintaining good 

health. 

Despite this, there are certain prospects for in-

creasing the consumption of millet products in Ukraine. 

One of these paths is the promotion of healthy eating and 

gluten-free products, which has gained popularity in re-

cent years. Consumers are increasingly interested in 

products that do not contain gluten, and millet is one of 

the best alternatives to traditional grains. Additionally, it 

should be noted that millet has great potential for produc-

ing products for diabetics, as it has a low glycemic index, 

making it beneficial for people suffering from this dis-

ease. 

Considering all the above factors, it can be stat-

ed that the consumption of millet products in Ukraine is 

currently limited but has significant growth potential in 

the future. This crop is not only a source of valuable nu-

trients but also has the potential to become an important 

tool in the development of healthy eating and reducing 

dependence on other cereal crops. 

One of the main problems faced by millet pro-

cessors in Ukraine is the instability of the production of 

this crop. Although millet can be grown in large areas in 

Ukraine, particularly in the southern and central regions, 

in practice, its sown areas are often limited, and the area 

under millet has significantly decreased compared to 

other cereals. The decrease in the area under millet is due 

to several factors, including the low profitability of this 

crop compared to others such as wheat, corn, or rice. 

This is because millet, although it does not require large 

amounts of water, has a lower yield compared to other 

crops, making it less profitable for farmers. As a result, 

millet production in Ukraine is not stable, which compli-

cates the planning of processing this crop at the enter-

prise level. 

Instability in the supply of raw materials for 

processing is one of the main problems for processing 

enterprises. High dependence on weather conditions and 

climatic factors, which can affect millet yields, means 

that the available supply may vary from year to year. As 

a result, processing enterprises are not always able to 

ensure a stable supply of raw materials for the production 

of millet products, leading to reduced production vol-

umes and losses in economic efficiency. Unstable millet 

supply may also increase processing costs because enter-

prises may have to buy raw materials at higher prices or 

import them from other regions or countries, which fur-

ther increases costs. 

Another problem is the lack of proper infrastruc-

ture for millet processing in Ukraine. The processing 

technologies for millet in Ukraine are often outdated and 

do not always meet modern market requirements. Most 

enterprises involved in millet processing do not have 

enough modern equipment to produce high-quality prod-

ucts, which limits their capabilities in domestic and for-

eign markets. These enterprises lack specialized lines for 

the production of gluten-free millet products, which lim-

its their potential to expand the product range and meet 
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the growing demand for gluten-free food products in 

Ukraine and worldwide. 

Millet processors also face the problem of insuf-

ficient demand for millet products in the domestic mar-

ket. Despite the high nutritional value of millet, its prod-

ucts are not very popular among Ukrainian consumers, 

which limits the market for processors.  

Another important problem is the high level of 

competition in the grain product market, where millet 

often loses in terms of price and availability. Wheat, 

corn, and rice have much larger market demand and are 

represented in a greater variety of products. Therefore, 

millet processors do not have a stable customer base and 

struggle to compete with large players who have a large 

amount of raw materials for processing. 

Another significant problem is the lack of infra-

structure for the sale of millet products in foreign mar-

kets. Ukrainian enterprises often have limited access to 

international markets and cannot compete with other 

countries where millet production has a more developed 

infrastructure and quality standards. For example, in Af-

rican and Asian countries, where millet is one of the 

main cereal crops, well-developed processing and sales 

networks exist, allowing their producers to ensure higher 

sales volumes. Ukraine, with its intense competition in 

the grain market, struggles to sell its products in interna-

tional markets, reducing the economic attractiveness of 

investments in this industry. 

One of the main problems with exporting millet 

from Ukraine is the small volumes of production of this 

crop compared to other cereals that the country exports to 

the global market. Ukraine is one of the largest producers 

and exporters of wheat and corn, but millet export vol-

umes cannot compare. According to recent data, millet 

production does not exceed several hundred thousand 

tons per year, which is significantly less compared to 

other cereal crops. As a result, there is a limited amount 

of raw material for export, which creates problems for 

the development of export supplies. 

One way to expand millet exports from Ukraine 

is the development of gluten-free products made from 

millet. There is a growing demand for gluten-free prod-

ucts worldwide, particularly among people with gluten 

intolerance and those leading a healthy lifestyle. Millet is 

one of the best sources of gluten-free products, making it 

promising for expanding export supplies to countries 

where there is a high demand for gluten-free products, 

such as the USA, European Union countries, and Japan. 

However, to realize this potential, it is necessary to sig-

nificantly expand millet production and processing, as 

well as create the appropriate infrastructure for manufac-

turing gluten-free products that meet high-quality stand-

ards. 

Ensuring export potential also requires the de-

velopment of specialized millet processing technologies 

for products that can be competitive in international mar-

kets. To do this, it is necessary to modernize production 

capacities and introduce new technologies that preserve 

all the beneficial properties of millet during processing. 

Currently, Ukraine does not have a developed technolog-

ical base for producing a wide range of millet products, 

so to develop the export potential of this crop, it is im-

portant to invest in scientific research and development  

in this field, as well as in innovative processing methods. 

In Ukraine, millet production is regulated by the 

standard DSTU 5026:2008 "Millet. Technical Condi-

tions." The grain is classified by purpose into four clas-

ses. For the production of groats, it is recommended to 

use grain of the 1st and 2nd classes, for the production of 

malt – the 3rd class, and for animal feed and technical 

purposes – the 4th class grain. The standard allows the 

use of grain of any of the three types in the food industry, 

but at the same time establishes certain quality require-

ments. In particular, the grain size must be at least 90% 

for the 1st class and at least 80% for the 2nd class. The 

mass fraction of grain impurities should not exceed 5% 

for the 1st class and 8% for the 2nd class, while foreign 

matter impurities should not exceed 2% and 3.5%, re-

spectively. The content of the kernel in the grain must be 

at least 76% for the 1st class and at least 74% for the 2nd 

class. For the production of starch and its derivatives, it 

is recommended to use caryopses millet with an amylo-

pectin content of at least 95%. DSTU defines types of 

millet based on its botanical characteristics and classifies 

millet grain according to various features, such as grain 

shape and color. 

Yellow millet is one of the most common types 

of millet in Ukraine. Its grains are yellow or yellow-

orange. This type is grown for the production of groats 

and flour and is also widely used for animal feed. Yellow 

millet has high nutritional value and is easily processed. 

White millet grain is light white or creamy. 

White millet is grown for groats, flour, and can also be 

used to produce food products such as flakes or grains for 

gluten-free diets. White millet is often valued for its puri-

ty and is used in the confectionery and food industries. 

Red millet has a characteristic red or dark or-

ange color. Red millet is often used for feed production 

but can also be used in the production of certain food 

products due to its special properties, such as high nutri-

tional value. 

Black millet is less common in Ukraine but is 

still grown in some regions. Its grains are dark gray or 

black, and it is mainly used in the feed industry, although 

it can sometimes be found in specific food products. 

Different types of millet, including yellow, 

white, red, and black, have their characteristic properties 

and uses, depending on climatic conditions, regional 

needs, and processing technologies. The nature of these 

types, as well as their economic significance, can vary 

depending on the continent where millet is grown, as 

well as on traditional and modern uses. 

Yellow millet, one of the most common types in 

the world, plays a significant role in the food industry 

and is widely used in many countries where millet is a 

primary source of food. It is grown in countries such as 

India, China, Mexico, and African countries, where mil-

let is an important part of the diet, particularly in regions 

with a dry climate. Yellow millet is a key component of 

many traditional dishes such as groats, flour, flakes, and 

even bread, which are important sources of nutrients for 

people living in areas where other cereal crops, like 

wheat or rice, cannot be grown due to extreme weather 

conditions. Additionally, yellow millet is an important 

ingredient in the production of gluten-free products, such 

as gluten-free crackers, cookies, and noodles, which are  
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an essential part of healthy eating. 

Moreover, due to its high energy value, yellow 

millet is actively used in sports nutrition, especially in 

the production of various energy bars and powders. 

White millet, which is light white or creamy in 

color, is mainly grown in India, China, Sub-Saharan Af-

rica, and South America. This grain is used as a staple 

food product in many countries, especially in regions 

where climatic conditions support millet cultivation and 

where other cereal crops cannot be successfully grown. 

White millet is widely used for producing groats, flakes, 

and flour, which serve as the basis for various dishes and 

products. In Africa, white millet is a key ingredient in the 

production of products such as "kenkey" (fermented mil-

let), which is an important source of energy and protein 

for the population. Furthermore, white millet has high 

nutritional value and is frequently used in gluten-free 

diets, especially for producing gluten-free crackers and 

flour. 

Red millet, which has a characteristic red or 

dark orange color, is less widespread but still holds sig-

nificant importance in certain regions of the world, par-

ticularly in India and Sub-Saharan Africa. Red millet is 

used for animal feed production, especially for cattle and 

poultry, due to its high protein and nutrient content. In 

India, red millet is used to make traditional food products 

such as porridge, pasta, and even flour for baking. 

In African countries, red millet is an important 

part of the diet, particularly in areas where there is lim-

ited access to other types of grains. It is also used to pro-

duce fermented products, such as alcoholic beverages, 

and is actively used in the agro-industrial sector to pro-

duce feed for livestock. 

Black millet is the rarest type among the main 

millet varieties and is grown in limited quantities, mostly 

in countries such as China, India, and some parts of Afri-

ca. Black millet is notable for its high content of antioxi-

dants and other bioactive compounds, which makes it 

popular in the production of healthy food products. 

This type of millet is also widely used in bio-

technology, particularly in the production of natural dyes 

and antioxidant supplements. In Ukraine and other coun-

tries, black millet is used in animal feed production, par-

ticularly for poultry and cattle, due to its high nutritional 

value [12, 13]. 

 

Materials and methods 

The aim of the study is to analyze the chemical 

composition of different types of millet: yellow, white, 

and black, in order to determine the most suitable type of 

millet for expanding the existing range of millet pro-

cessing products in Ukraine. The analysis includes the 

mass fraction of protein, amino acid composition, mass 

fraction of fat, fatty acid composition, carbohydrate 

complex, vitamins, and mineral composition of the grain. 

 

Results of the study and their discussion 

Millet is an important source of calories, pro-

tein, vitamins, and minerals, and its cultivation and pro-

cessing contribute to economic development and food 

security in many countries around the world. Protein is 

one of the main components of cereal crops, and its mass 

fraction in millet varies depending on the type of millet,  

as well as the growing and processing conditions. 

Yellow millet has an average protein content 

compared to all types of millet, ranging from 8% to 12%, 

depending on the variety, growing conditions, and pro-

cessing. 

White millet, which is also popular among other 

types, has a protein content ranging from 10% to 13%. 

White millet generally has a slightly higher protein con-

tent compared to yellow millet, making it a good choice 

for use in the food industry. The increased protein con-

tent of white millet, along with its high purity, makes it 

an excellent ingredient for producing gluten-free prod-

ucts, such as flour, flakes, or cereals. Due to its high nu-

tritional properties, white millet is a popular product in 

countries where providing high-protein food to the popu-

lation is important, especially in areas where access to 

other sources of animal protein is limited. The protein 

content in white millet provides its high nutritional value 

for people who need higher levels of protein in their diet, 

such as children, athletes, people with high physical ac-

tivity, or elderly people. 

Red millet has a protein content ranging from 

9% to 11%. Although this type of millet is primarily used 

in animal feed production, it is also used in human nutri-

tion, especially in regions where other cereal crops can-

not be grown due to unfavorable climatic conditions. Red 

millet contains less protein compared to white and yel-

low millet, but it remains an important source of protein 

in countries where other crops, such as wheat or rice, are 

not available or cannot be grown due to water and weath-

er constraints. 

Black millet, which is the rarest type among 

millet varieties, has a high protein content ranging from 

11% to 13%. This type of millet is mainly used for spe-

cialized food products and animal feeds. Its high protein 

content makes black millet useful for producing biologi-

cally active supplements, particularly for sports nutrition. 

Black millet is an important source of protein for produc-

ing compound feeds and feed additives that ensure ani-

mal health. 

The amino acid composition of millet grain, like 

in any other cereal crop, is an important aspect for evalu-

ating its nutritional value, especially in the context of 

using millet as a protein source for human nutrition and 

animal feed. According to millet types, the amino acid 

composition can vary significantly, as different millet 

varieties have different amino acid levels, which depend 

on factors such as climatic conditions, agronomic meth-

ods of cultivation, and processing techniques. 

Yellow millet, one of the most common types of 

millet, has a fairly balanced amino acid composition, 

making it a good source of essential amino acids for the 

human body. The main amino acids found in yellow mil-

let are leucine, lysine, isoleucine, threonine, and valine. 

The content of leucine in yellow millet is particularly 

high, making it important for protein synthesis in the 

human body. Leucine is an essential amino acid that can-

not be synthesized by the body and must come from 

food. Leucine is necessary for tissue regeneration, espe-

cially muscle tissue, which is a key aspect of diets for 

athletes and people involved in physical labor. Yellow 

millet also contains a significant amount of lysine, anoth-

er essential amino acid that plays a key role in tissue 
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growth and development, as well as collagen synthesis 

and other compounds in the body. 

Isoleucine, threonine, and valine are amino acids 

belonging to the branched-chain amino acid group, which 

help maintain normal energy metabolism and preserve 

muscle mass. The balanced ratio of these amino acids in 

yellow millet allows it to be used as an important source 

of protein for nutrition in countries where access to ani-

mal protein is limited or economically unavailable. 

White millet, which is also popular among other 

millet types, has a similar amino acid composition to 

yellow millet, but its lysine content is typically slightly 

higher. This makes white millet particularly valuable for 

diets where high lysine content is important for growth 

and development, as well as for the production of high-

protein food products. Lysine is critical for calcium ab-

sorption, which is particularly important for children's 

and elderly nutrition, as well as for people who are ac-

tively engaged in physical exercise and require a high 

level of this amino acid for muscle recovery. 

In addition, white millet contains a significant 

amount of methionine, an amino acid with antioxidant 

properties that participates in protein synthesis to help 

protect cells from oxidative stress. Methionine is im-

portant for the normal functioning of the immune system 

and liver health. Due to its high methionine content, 

white millet has the potential to be used as an additional 

source of this amino acid in diets where methionine is 

deficient. 

In addition to amino acids, white millet contains 

a significant amount of sulfur-containing amino acids, 

such as cystine and cysteine, which are essential for the 

normal functioning of the skin, hair, and nails. These 

amino acids also contribute to the production of glutathi-

one, a powerful antioxidant that helps protect cells from 

damage and promotes detoxification in the body. 

Red millet has a slightly different amino acid 

profile, as this type of millet typically contains less lysine 

and threonine but may have higher levels of other amino 

acids, such as phenylalanine and tyrosine. Phenylalanine 

is an amino acid that plays an important role in the pro-

duction of neurotransmitters, such as dopamine, which is 

important for brain function and the central nervous sys-

tem. The tyrosine content in red millet supports the nor-

mal function of the nervous system, helping to normalize 

metabolism and improve emotional well-being. 

While red millet is typically used as animal feed 

or, to a lesser extent, for human consumption, its amino 

acid composition also makes it useful for producing feed 

mixtures for pigs, poultry, and cattle. Red millet is an 

important source of essential amino acids for muscle 

tissue development in animals, which contributes to their 

growth and increased productivity. 

Black millet, which is less common but has a 

high protein content, is an important source of amino 

acids that contribute to the overall strengthening of the 

body. Black millet contains a high concentration of anti-

oxidants, making it useful for nutrition, especially for 

individuals with increased needs for protection against 

oxidative stress. Key amino acids found in black millet 

include methionine, cysteine, leucine, isoleucine, and 

valine. Black millet is highly valued for the production of 

health-focused foods, particularly for individuals follow-

ing diets aimed at combating stress or disorders related to 

metabolism [14-17]. 

The fat content in different types of millet is an 

important indicator that determines their energy value, 

technological properties, and their use in the food and 

feed industries. The fat in millet is mainly composed of 

triglycerides, which consist of fatty acids such as oleic, 

linoleic, palmitic, and others. The fat content in millet 

typically ranges from 3% to 5%, although this can vary 

depending on the type of millet, growing conditions, and 

varietal characteristics. 

Yellow millet, the most widely grown type, typ-

ically has a fat content of 3% to 4%. White millet gener-

ally has a slightly lower fat content, ranging from 2.5% 

to 3.5%. Additionally, white millet has a greater ability 

to stabilize fat during storage due to the reduced presence 

of oxidative components, making it desirable for produc-

ing long-shelf-life products like flour or flakes. 

Red millet, often grown for products with more 

pronounced gelling properties, has a higher fat content 

compared to yellow and white millet. The fat content in 

red millet can range from 4% to 5%. This higher fat con-

tent is due to its unique genetic traits, leading to the for-

mation of more triglycerides and higher proportions of 

saturated fatty acids such as palmitic acid. 

The higher fat content in red millet gives it bet-

ter organoleptic properties, such as a softer texture and a 

more intense flavor, making it attractive for producing 

specific products like flakes, drinks, or specialized food 

additives. However, the higher fat content also makes red 

millet less stable during storage compared to other types, 

as the fat can oxidize over time, decreasing the quality of 

the products. 

The fatty acid composition of millet depends on 

several factors, including the variety, climatic conditions, 

agronomic practices, and post-harvest handling. As with 

other cereal crops, millet typically contains saturated, 

monounsaturated, and polyunsaturated fatty acids, which 

make up the fatty complex of the grain. The characteris-

tics of millet's fatty acid composition may vary depend-

ing on the type of grain (yellow, white, or red millet) and 

determine its use in the food and feed industries. 

The fatty acid profile of yellow millet is charac-

terized by a significant presence of unsaturated fatty ac-

ids, particularly monounsaturated and polyunsaturated 

fatty acids. Oleic acid (C18:1) is one of the main mono-

unsaturated fatty acids, with a content ranging from 25% 

to 35%. It is significant for human health as it lowers 

"bad" cholesterol levels in the blood and supports cardio-

vascular health. 

Another important fatty acid in yellow millet is 

linoleic acid (C18:2), which is a polyunsaturated omega-

6 fatty acid. The content of linoleic acid in the grain 

ranges from 30% to 45%. Linoleic acid is essential for 

humans and helps normalize cholesterol levels and sup-

ports the immune system. It's also noteworthy that oleic 

and linoleic acids may have a synergistic effect in reduc-

ing the risk of cardiovascular diseases. 

In addition, yellow millet contains saturated fat-

ty acids like palmitic (C16:0) and stearic (C18:0) acids. 

Palmitic acid, which makes up about 10-15% of the total 

fatty acids, is the primary saturated acid found in many 

vegetable oils. 
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White millet has some differences in its fatty ac-

id composition. The primary feature is its high content of 

linoleic acid, which makes up about 40% of the total fat-

ty acids. 

The content of monounsaturated fatty acids in 

white millet is significantly lower than in yellow millet. 

Oleic acid is present in white millet at levels of 25%-

30%, which is typical for most cereals. This also posi-

tively affects cholesterol levels, but compared to other 

crops like olives or avocados, this level is moderate. 

White millet also contains a small amount of 

saturated fatty acids, making up around 10-12%. Palmitic 

acid is the predominant saturated fatty acid, and its con-

centration in white millet is similar to that of yellow mil-

let. 

Red millet has a slightly different fatty acid pro-

file compared to other types. Its fat composition is char-

acterized by a high content of oleic acid, which makes up 

about 35%-40% of the total fatty acids. This not only 

gives red millet high nutritional value but also special 

technological properties. Due to its high oleic acid con-

tent, red millet can be beneficial for foods that support 

cardiovascular health. 

Linoleic acid is also present in red millet, but its 

content is somewhat lower than in yellow or white millet. 

It typically ranges from 25% to 35%, which still meets 

the standards for providing the body with essential poly-

unsaturated fatty acids. 

Saturated fatty acids in red millet make up a 

moderate share, ranging from 10% to 15%. Palmitic acid 

dominates among saturated fatty acids, and there is a 

small amount of stearic acid. The main fatty acids found 

in all types of millet include oleic (C18:1), linoleic 

(C18:2), palmitic (C16:0), and stearic (C18:0) acids [18-

20]. 

The carbohydrate complex of millet, like other 

cereal crops, consists of several main components: 

starch, fiber, sugars, and other soluble carbohydrates. 

These components are crucial for evaluating the energy 

value of the grain and its potential as a source of carbo-

hydrates for human and animal nutrition. Since millet is 

grown in conditions where other crops cannot be effec-

tively cultivated due to adverse climatic conditions, its 

carbohydrate complex plays an essential role in meeting 

the nutritional needs of the population, especially in 

countries with limited access to other energy sources. 

Millet starch is the main carbohydrate in millet 

grain, and its content varies depending on the type of 

millet. Starch consists of two main components: amylose 

and amylopectin. Amylose is a linear polymer of glucose, 

consisting of glucose molecules connected by α-1,4-

glycosidic bonds. Amylopectin, in contrast to amylose, is 

a branched polymer with additional α-1,6-glycosidic 

bonds between glucose molecules, which form side 

chains. The percentage ratio of amylose to amylopectin 

in millet grain is important for the physicochemical prop-

erties of starch, such as gel-forming properties, swelling 

capacity, as well as the rate and degree of hydrolysis dur-

ing digestion. 

Starch usually constitutes the largest portion of 

carbohydrates in millet grain, with its content ranging 

from 60% to 75%, depending on the type of grain and 

growing conditions. Yellow and white millet have simi-

lar starch content levels, with slight variations depending 

on the variety and agronomic conditions. The amylose 

content in millet grain is usually in the range of 25-30%, 

which is an average level for cereal grains, although 

some varieties may have a higher amylose content. High 

amylose content is characteristic of millet used for pro-

ducing cereals and flour, as amylose contributes to the 

formation of solid structures during thermal processing, 

such as cooked cereals or baked products. 

Amylopectin constitutes the majority of the 

starch in millet, and its presence affects the texture of 

products made from millet. Millet with a high amylopec-

tin content will have a softer texture and be better suited 

for producing products like flakes or liquid dishes, where 

lightness and fluffiness are desired. Starch in millet is 

important for nutrition as it is the primary energy source 

for humans and animals, providing glucose, which is 

then converted into energy in metabolic processes. 

Fiber is an important component of the carbo-

hydrate complex in millet, contributing to the normaliza-

tion of digestive system function in both humans and 

animals. The fiber in millet consists of various types of 

polymers such as cellulose, hemicellulose, and lignin. 

Cellulose is the main component of fiber and consists of 

glucose molecules connected by β-1,4-glycosidic bonds. 

Cellulose is not digested by human and animal enzymes 

and plays an essential role in maintaining normal bowel 

function. Hemicellulose is a more complex molecule 

consisting of various sugars, including arabinose, xylose, 

and mannose. It has properties that reduce the viscosity 

of digestive contents, facilitating digestion and reducing 

the risk of inflammatory processes in the intestine. Lig-

nin is another component of fiber, but its content in mil-

let is significantly lower compared to cellulose and hemi-

cellulose. Lignin forms strong structures in plant cell 

walls and contributes to resistance to mechanical stress 

but is not digestible by humans and animals. 

In millet grain, fiber makes up about 2-4% of 

the total mass, which is important for the proper func-

tioning of the digestive system. Given the high fiber con-

tent in millet, products made from it tend to provide a 

prolonged feeling of fullness, which can be beneficial for 

weight control and the prevention of metabolic disorders. 

Sugary substances in millet grain are primarily 

represented by monosaccharides such as glucose and 

fructose, as well as disaccharides, particularly sucrose. 

The sugar content in millet is usually low since most 

carbohydrates are in the form of starch. Millet contains 

about 2-4% total sugars, making it less sweet compared 

to other crops like corn or wheat. 

Sugars in millet are a primary energy source that 

is quickly absorbed by the body during digestion. At the 

same time, the sugar content is important for technologi-

cal processes such as flour production, flake production, 

or animal feed additives, where sugar usage can affect 

the consistency and flavor qualities of the final product. 

Millet also has a certain ability to increase the monosac-

charide content after thermal processing, which can be 

useful for making sweet products or energy-dense items. 

All types of millet – yellow, white, and red – 

have similar-sized carbohydrate complexes but with 

some differences in the ratio of components, which affect 

the texture, flavor qualities, and technological properties 
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of products. Yellow millet is the most common and ver-

satile type for producing cereals, flour, and feed due to its 

balanced carbohydrate composition, medium amylose 

and amylopectin content, and moderate fiber content. 

White millet, with its softer texture and lower fiber con-

tent, is mostly used in baby food or diets for individuals 

with digestive issues. Red millet, with its pronounced 

gelling properties, is ideal for producing products requir-

ing high viscosity or specific consistency, such as flakes 

or other semi-finished products [21-23]. 

The vitamin content of millet grain, like that of 

other crops, is an important indicator of its nutritional 

value. Millet contains a number of vitamins essential for 

the normal functioning of the human body, such as B 

vitamins (including B1, B2, B3, B5, B6, folic acid), as well 

as vitamin E and some others that play a role in metabol-

ic processes. However, the vitamin content may vary 

depending on the type of millet, influenced by factors 

such as variety, growing region, and agronomic condi-

tions. 

Yellow millet is characterized by a relatively 

high content of B vitamins, which are important for sup-

porting normal metabolism and the functioning of the 

nervous system. The main source of vitamins in the grain 

is the husk, so the quality of millet processing, particular-

ly the degree of cleaning, can significantly affect the vit-

amin content in the final product. 

Vitamin B1 (thiamine) is one of the most im-

portant B vitamins, contributing to the normal function-

ing of the nervous system and participating in carbohy-

drate metabolism. The content of vitamin B1 in yellow 

millet can range from 0.2 to 0.4 mg per 100 g of grain, 

which provides a significant portion of the daily require-

ment for humans. Like other B vitamins, this vitamin is 

water-soluble, so it is lost during processing, storage, and 

cooking, especially if exposed to high temperatures or 

prolonged contact with water. 

Vitamin B2 (riboflavin) in yellow millet is typi-

cally present in the amount of 0.1–0.2 mg per 100 g, 

which also contributes to a part of the daily human re-

quirement for this vitamin. Riboflavin participates in 

energy metabolism processes and also helps normalize 

vision and skin health. 

Vitamin B3 (niacin) in yellow millet is found in 

the amount of 1.5–3 mg per 100 g of grain. It is neces-

sary for the normal functioning of the cardiovascular 

system, skin, digestive system, and nervous system. Nia-

cin also helps reduce cholesterol levels in the blood. 

Vitamin B5 (pantothenic acid), although present 

in small amounts, is important for hormone synthesis and 

the normal functioning of the nervous system. The con-

tent of this vitamin in yellow millet can range from 0.4 to 

0.6 mg per 100 g. 

Vitamin B6 (pyridoxine) in yellow millet is pre-

sent in the amount of 0.1–0.3 mg per 100 g. Pyridoxine is 

essential for the normal functioning of the brain, the for-

mation of red blood cells, and amino acid metabolism. 

Folic acid (B9) is an important component in cell 

division and growth processes, especially crucial for 

women during pregnancy. The folic acid content in yel-

low millet is about 20 mcg per 100 g, providing part of 

the daily requirement. 

Vitamin E (tocopherol), a powerful antioxidant,  

is present in yellow millet in the amount of about 0.8–

1mg per 100 g of grain. Tocopherol helps protect cells 

from oxidative stress and supports the immune system. 

White millet, like yellow millet, is rich in B vit-

amins, but due to its low fat content, white millet con-

tains less vitamin E. Vitamin B1 in white millet is found 

in the amount of 0.2–0.4 mg per 100 g, vitamin B2 is 

present in the amount of 0.1–0.2 mg per 100 g, vitamin 

B3 is present in similar amounts – 1.5–3 mg per 100 g, 

vitamin B5 in white millet is found in the amount of 0.3–

0.5 mg per 100 g, vitamin B6 in white millet is approxi-

mately 0.2–0.3 mg per 100 g, folic acid is found in white 

millet in the amount of about 15–20 mcg per 100 g, and 

vitamin E in white millet is typically in the range of 0.5–

0.7 mg per 100 g. 

Red millet contains many of the same B vita-

mins as other types but with some differences in content. 

Red millet, due to its high fatty acid content, has a higher 

vitamin E content compared to yellow and white types of 

millet. 

The vitamin content in millet from different 

grain types is significantly similar but with some varia-

tions that affect its nutritional value and role in the hu-

man diet. Yellow, white, and red millet provide the body 

with essential vitamins, particularly from the B group 

and vitamin E, each of which is critical for normal body 

function [24-26]. 

Mineral substances are important components of 

millet grain that perform various functions in human life 

processes. They play a key role in maintaining acid-base 

balance, ensuring the normal functioning of the nervous 

system, aiding in energy metabolism processes, and par-

ticipating in the synthesis of various enzymes, hormones, 

and tissues. Mineral substances can be divided into mac-

roelements and microelements, each having specific sig-

nificance for the body. The ash content of millet grain, 

which determines the amount of minerals in the grain, 

can vary depending on the millet type, agronomic condi-

tions of cultivation, and grain processing. 

Macroelements, including calcium, magnesium, 

potassium, phosphorus, sodium, and sulfur, are crucial 

for ensuring the normal functioning of the body. They are 

actively involved in metabolism, help maintain the struc-

ture of bones and teeth, regulate water-electrolyte bal-

ance, and support proper nerve and muscle function. 

Calcium is the main structural component of 

bones and teeth. It also participates in the functioning of 

the nervous system and muscle contractions. Calcium 

plays an important role in blood clotting and in several 

enzymatic processes. The calcium content in millet grain 

is relatively moderate, typically ranging from 0.01 to 

0.02 g per 100 g of grain. For cereal crops in general, 

calcium is not one of the primary minerals, as it is mainly 

concentrated in the root system and plant tissues on the 

surface. Therefore, it largely remains in the grain husk, 

increasing the calcium content in unprocessed grain. 

Magnesium is an important element that sup-

ports the normal functioning of muscles and the nervous 

system, regulates blood pressure, and participates in 

DNA and RNA synthesis. Magnesium plays a vital role 

in energy metabolism and normalizes blood glucose lev-

els. The magnesium content in millet can range from 0.1 

to 0.2 g per 100 g of grain, which covers part of the daily  
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human requirement. 

Potassium is another essential macroelement 

that helps maintain water-salt balance in the body. Potas-

sium is also vital for the normal functioning of the heart 

and helps maintain proper blood pressure. The potassium 

content in millet grain can be about 0.3–0.4 g per 100 g 

of grain. Potassium is the main element stored in plant 

cells and is critical for maintaining electrolyte balance. 

Phosphorus is a key element for forming bones 

and teeth, and it is also an important component in ener-

gy processes within cells, as it is part of ATP (adenosine 

triphosphate) molecules. Phosphorus in millet can be 

present in the amount of 0.3–0.5 g per 100 g. This ele-

ment participates in carbohydrate, protein, and fat me-

tabolism, supporting normal body function. 

Sodium, although necessary for the body, is pre-

sent in relatively small amounts in millet grain. Sodium 

plays an important role in maintaining acid-base balance 

and water-electrolyte balance in the body, as well as in 

the functioning of muscle fibers and nerve cells. The 

sodium content in millet grain usually ranges from about 

0.001–0.01 g per 100 g. 

Sulfur is involved in the synthesis of amino ac-

ids such as cysteine and methionine, as well as in the 

formation of some vitamins. The sulfur content in millet 

can range from 0.05 to 0.1 g per 100 g, making it an im-

portant component for normal metabolic function. 

Microelements include iron, zinc, copper, man-

ganese, iodine, molybdenum, and other elements that are 

essential for normal body function, although they are 

found in very small quantities. Microelements play an 

important role in many biochemical processes, such as 

the synthesis of enzymes, hormones, and antioxidants, 

and they can significantly influence human health. 

Iron is an essential component of hemoglobin, 

which transports oxygen in the blood. It also participates 

in many enzymatic processes and is important for normal 

cell metabolism. Iron in millet grain is typically found in 

the amount of 2–3 mg per 100 g. Iron is mainly present 

in the grain husk, so millet cleaning can significantly 

reduce its content. 

Zinc is necessary for the normal functioning of 

the immune system, as well as for the synthesis of pro-

teins and DNA. This element actively participates in pro-

cesses of cell regeneration and growth. The zinc content 

in millet can be 1–2 mg per 100 g of grain. 

Copper participates in many biochemical pro-

cesses, including the synthesis of collagen and elastin, 

which is important for skin and blood vessel health. 

Copper content in millet is typically between 0.1 and 0.3 

mg per 100 g. 

Manganese is an element crucial for the normal 

functioning of enzymes involved in the metabolism of 

carbohydrates, proteins, and lipids. Manganese content in 

millet can range from 1 to 2 mg per 100 g of grain. 

Iodine is necessary for the synthesis of thyroid 

hormones and is essential for normal endocrine system 

function. Since iodine is present in small amounts in the 

soil, its level in millet may be limited. 

The ash content of millet grain, an important in-

dicator of the mineral composition, reflects the content of 

all mineral elements remaining after the combustion of 

the organic components of the grain. Ash content in mil-

let can range from 1.5 to 3.5% of the total grain mass 

[26-29]. 

 

Conclusions 

Millet, as a crop, has unique characteristics that 

make it an important source of food for people and ani-

mal feed, and it is also used in industry and other sectors. 

Studying different types of millet, such as white, 

yellow, red, as well as specialized varieties, reveals a rich 

composition of nutrients, including proteins, carbohy-

drates, fats, vitamins, and minerals. The chemical com-

position of millet varies depending on the type of grain, 

variety, growing conditions, and processing, but overall, 

it provides a wide range of biologically active substances 

that are important for human health. 

The proteins in millet are noted for their high 

biological value, particularly due to the presence of all 

essential amino acids. Different types of millet have var-

ying proportions of these amino acids, which affect their 

nutritional value and biological availability to the body. 

However, a comparison of the amino acid composition of 

different types of grain shows that millet proteins can 

meet the body's needs for essential amino acids, such as 

leucine, isoleucine, threonine, valine, and others, making 

them an important component of the diet. 

The carbohydrate complex of millet includes a 

significant amount of complex carbohydrates, the main 

component of which is starch. Starch is the primary ener-

gy source for the body and is also of great importance in 

human nutrition. The fiber content in millet grain is also 

considerable, positively affecting the functioning of the 

gastrointestinal tract and promoting normal digestion. In 

particular, fiber helps lower cholesterol levels in the 

blood and improves the processes of intestinal peristalsis. 

The fatty composition of millet contains essen-

tial fatty acids, including omega-3 and omega-6, which 

are important for normalizing lipid metabolism in the 

body. Furthermore, the fatty composition of millet indi-

cates the presence of various saturated and unsaturated 

fatty acids, allowing it to be used as a source of healthy 

fats. The fatty acid composition varies depending on the 

type of millet, but in general, millet contains high levels 

of linoleic acid, which is crucial for maintaining a normal 

cardiovascular system. 

The vitamin composition of millet grain in-

cludes B vitamins, as well as vitamin E, which is a pow-

erful antioxidant. These vitamins perform essential func-

tions in metabolism, regulating the nervous system, im-

proving carbohydrate and protein metabolism, and sup-

porting the health of the skin and hair. Vitamin E in mil-

let grain has antioxidant activity, which helps reduce 

oxidative stress in the body's cells. 

The mineral composition of millet is extremely 

important for its nutritional value. Macronutrients such 

as potassium, calcium, magnesium, phosphorus, as well 

as trace elements like iron, zinc, copper, and manganese 

are present in millet grain in varying proportions. For 

example, potassium is important for normalizing water-

electrolyte balance and supporting normal heart function. 

Calcium and magnesium are vital for bone and tooth 

formation, as well as for normalizing the activity of the 

muscular and nervous systems. Iron and zinc are neces-

sary for supporting normal immune function and hemo- 
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globin synthesis. 

The processing of millet into food products has 

significant potential for the economy. However, millet 

processors in Ukraine and other countries face certain 

challenges, such as the high cost of technological pro-

cesses, limited domestic processing infrastructure, and 

problems with grain storage. Additionally, there is a 

need to optimize the use of different millet varieties de-

pending on their properties and specifications to achieve 

the best results in the production of final products. 

Thus, millet is an important cereal crop with 

high potential both for domestic consumption and ex-

port. Its chemical composition, including proteins, car-

bohydrates, fats, vitamins, and minerals, makes it an 

important food product for people and animal feed. The 

processing and export of millet from Ukraine have sig-

nificant development potential but require addressing 

several issues, such as improving processing technolo-

gies and increasing production capacities. 

 

REFERENCES 

1. Baltensperger, D.D. (2002). Progress with proso, pearl and other millets. Trends in New Crops and New Uses, 100, 100-

103. 

2. Lu, H., Zhang, J., Liu, K.-b., Wu, N., Li, Y., Zhou, K., Ye, M. (2009). Earliest domestication of common millet (Panicum 

miliaceum) in East Asia extended to 10,000 years ago. Proceedings of the National Academy of Sciences, 106(18), 7367-

7372. 

3. Fuller, D.Q. (2006). Agricultural origins and frontiers in South Asia: a working synthesis. Journal of World Prehistory, 

20(1), 1-86. 

4. National Research Council. (1996). Lost Crops of Africa: Volume I: Grains. Washington, DC: The National Academies 

Press. 

5. Obilana, A.B. (2017). Millets: Value-Added Products and Their Benefits. Cereal Foods World, 62(6), 278–283. DOI: 

10.1094/CFW-62-6-0278 

6. Nedelnik, J., & Cerkal, R. (2016). Production and Utilization of Millets and Pseudocereals in Europe. Emirates Journal of 

Food and Agriculture, 28(1), 66–74. DOI: 10.9755/ejfa.2015-05-259 

7. Kumar, A., Tomer, V., Kaur, A., Kumar, V., Gupta, K. (2018). Millets: A Solution to Agrarian and Nutritional Challenges. 

Agriculture & Food Security, 7(1), 31. DOI: 10.1186/s40066-018-0183-3 

8. Bhat, B.V., Reddy, C.R. (2017). Impact of Climate Change on Minor Millets in India. International Journal of Current Mi-

crobiology and Applied Sciences, 6(9), 2889–2896. DOI: 10.20546/ijcmas.2017.609.356 

9. Amadou, I., Amza, T.,  Kamara, M. T. (2016). Millets: Nutritional Composition, Some Health Benefits and Processing—A 

Review. Food Science and Quality Management, 56, 33–42.  

10. Kalinichenko, A., Kalinichenko, O. (2019). Environmental and economic aspects of millet production in Ukraine. Ukraini-

an Journal of Ecology, 9(3), 45–50. DOI: 10.15421/2019_723 

11. Averchev, O.V., Nikitenko, M.P. (2021). Rynok prosa v Ukraini. Averchev, O.V., & Nikitenko, M.P. (2021). Analiz vy-

robnytstva prosa v Ukraini. Khersonskyi derzhavnyi ahrarnoekonomichnyi universytet. 

12. The Register of plant varieties suitable for distribution on the territory of Ukraine Available from: 

https://minagro.gov.ua/file-storage/reyestr-sortiv-roslin 

13. Kroshko, GD (1998). Rules for organizing and maintaining the technological process at the mill factories. K .: WIPOL. 

14. Adekunle, D. A., Abiodun, A. A., Olanipekun, S. F. (2020). Nutritional composition and potential health benefits of millet 

varieties. Journal of Food and Nutrition Research, 9(4), 251-258. https://doi.org/10.12691/jfnr-9-4-5 

15. Amadou, I., Gounga, M. E.,  Le, G. W. (2019). Millets: Nutritional composition, some health benefits and processing—A 

review. Emirates Journal of Food and Agriculture, 31(1), 12-23. https://doi.org/10.9755/ejfa.v31i1.23951 

16. Singh, A., Kumar, A., Singh, S.K. (2021). Proximate and amino acid composition of millet varieties with high protein con-

tent. International Journal of Food Properties, 24(3), 317-332. https://doi.org/10.1080/10942912.2021.1873035 

17. Subramanian, R., Kumaravel, P. (2022). Evaluation of protein and amino acid content in small millet varieties. Asian Jour-

nal of Agricultural Research, 16(2), 93-102. https://doi.org/10.3923/ajar.2022.93.102 

18. Li, Y., Han, L., Li, X. (2022). Fatty acid composition and nutritional value of millet grains: A comparative analysis of dif-

ferent species. Food Chemistry, 374, 131631. https://doi.org/10.1016/j.foodchem.2021.131631 

19. Adekunle, A.A., Tunde, M.A. (2020). Evaluation of lipid content and fatty acid profiles in millet varieties: Implications for 

dietary health. Journal of Food Science and Technology, 57(5), 1557–1567. https://doi.org/10.1007/s13197-019-04218-8 

20. Elbashir, M.E., Idris, A.H., Ahmed, I.M. (2019). Comparative study of the nutritional composition of yellow, white, and 

red millet. International Journal of Food Sciences and Nutrition, 70(8), 923–931. 

https://doi.org/10.1080/09637486.2019.1638154 

21. Chandra, D., Chandra, S., Sharma, A.K. (2018). Review of Finger Millet (Eleusine coracana) Potential as a Food Source 

and Recent Advances in its Processing. Food and Nutrition Bulletin, 39(1), 18–26. 

https://doi.org/10.1177/0379572117749997 

22. Taylor, J.R.N., Kruger, J. (2016). Millets: Their Processing and Utilization in Cereal Foods. In Wrigley, C., et al. (Eds.), 

Encyclopedia of Food Grains (pp. 312–323). Academic Press. https://doi.org/10.1016/B978-0-12-394437-5.00136-4 

23. Liu, Y., Tian, J., Song, J. (2022). Physicochemical and structural properties of starches isolated from different millet spe-

cies. International Journal of Biological Macromolecules, 220, 800–807. https://doi.org/10.1016/j.ijbiomac.2022.06.152 

24. Taylor, J.R.N., Schober, T.J., Bean, S.R. (2006). Novel food and non-food uses for sorghum and millets. Journal of Cereal 

Science, 44(3), 252–271. https://doi.org/10.1016/j.jcs.2006.06.009 

25. Singh, P., Singh, U., Gupta, H. (2017). Nutritional aspects of small millets: Potential as functional foods. Journal of Food 

Science and Technology, 54(5), 1085–1093. https://doi.org/10.1007/s13197-017-2533-8 

26. FAO. (1995). Sorghum and millets in human nutrition. FAO Food and Nutrition Series, No. 27. 

https://www.fao.org/3/t0818e/t0818e00.htm 

27. Mahajan, P.B., Sharma, R.K. (2014). Mineral composition of sorghum and millet grains. Journal of Food Science and 

Technology, 51(3), 402–406. https://doi.org/10.1007/s13197-011-0490-0 

 

https://www.fao.org/3/t0818e/t0818e00.htm


 

17  http://grain-feed.ontu.edu.ua 

Grain Products and Mixed Fodder’s, Vol.25, I.1 (97) / 2025 

28. Schober, T.J., Bean, S.R. (2015). The role of millets in global food security. Cereal Chemistry, 92(2), 191–199. 

https://doi.org/10.1094/CCHEM-05-14-0110-F 

29. Kamboj, A.P., Gupta, S. (2020). Evaluation of macro and micro mineral composition of traditional millets. International 

Journal of Advanced Research in Biological Sciences, 7(3), 59–67. 

 

 
УДК 633.21:664.8 

С.М. Соц, канд. техн. наук, доцент, Е-mail: sotsserega@gmail.com 

І.О. Кустов, канд. техн. наук, доцент, Е-mail: i.kustov1988@gmail.com 

О.С. Волошенко, канд. техн. наук, доцент, Е-mail: voloshenko.kroshko@gmail.com 

В. Чеглатонєв, аспірант, E-mail: vovacheg81@gmail.com 
 

ПРОСО ЦІННА ЗЕРНОВА КУЛЬТУРА ДЛЯ ВИРОБНИЦТВА 

КРУП’ЯНИХ ПРОДУКТІВ 
 

Анотація  

Просо, будучи однією з найдавніших зернових культур, має широке географічне поширення і є ключовим 

елементом харчування в багатьох регіонах світу. Його вирощування зосереджене в районах із посушливим клі-

матом і несприятливими умовами для інших культур. Завдяки своїй невибагливості до ґрунтів і здатності ви-

тримувати тривалі періоди посухи, просо стало незамінним джерелом їжі та корму для тварин у багатьох 

країнах Африки, Азії та частково Європи. Основними регіонами вирощування проса є Західна Африка, Індія, 

Китай, а також окремі частини Північної Америки, Центральної Азії та Східної Європи. У Західній Африці, 

наприклад, такі країни, як Нігер, Малі та Сенегал, є провідними виробниками цієї культури. Просо тут є базо-

вою харчовою культурою, з якої виготовляють традиційні страви, зокрема каші та напої. Китай відіграє зна-

чну роль у виробництві проса, вирощуючи його як для внутрішнього споживання, так і для експорту. У Північ-

ній Америці просо вирощується переважно для кормових цілей, а основними виробниками є США. В Європі про-

со займає обмежену частину сільськогосподарських угідь, але є кілька країн, де його вирощування набуває по-

пулярності завдяки зростаючому попиту на здорове харчування і стійкі до посухи культури. Франція, Італія є 

основними європейськими країнами, де вирощують просо. Хімічний склад проса робить його унікальною куль-

турою серед зернових. Воно багате на білки, вуглеводи, жири, мінерали та вітаміни. Основу хімічного складу 

проса становлять складні вуглеводи, які забезпечують організм енергією і повільно засвоюються, що є особли-

во важливим для підтримання стабільного рівня глюкози в крові. Білок у просі має високу біологічну цінність, 

містить такі важливі амінокислоти, як метіонін і лізин, яких зазвичай бракує в інших зернових культурах. 

Крім того, просо багате на корисні жири, зокрема ненасичені жирні кислоти, що сприяють нормалізації рівня 

холестерину в організмі. Просо містить значну кількість вітамінів групи B, включаючи тіамін (B1), рибофлавін 

(B2), ніацин (B3) і піридоксин (B6). Ці вітаміни відіграють ключову роль у метаболічних процесах, підтримують 

нервову систему та сприяють загальному зміцненню організму. Просо також є джерелом токоферолу (віта-

мін E), що має антиоксидантні властивості та сприяє захисту клітин від оксидативного стресу. Мінеральний 

склад проса включає значні концентрації калію, магнію, фосфору, заліза, цинку і міді. Ці мінерали важливі для 

нормального функціонування серцево-судинної системи, кісткової тканини, кровотворення та імунної систе-

ми. Особливу увагу заслуговує високий вміст заліза, що робить просо важливим продуктом для профілактики 

анемії. Наявність антиоксидантів, таких як поліфеноли і флавоноїди, забезпечує протизапальні властивості 

проса і його позитивний вплив на зниження ризику розвитку хронічних захворювань, включаючи діабет і серце-

во-судинні недуги. 

Ключові слова: просо, типи проса, хімічний склад зерна, масова частка білка, масова частка 

жиру, масова частка вуглеводна, масова частка  вітамінів, круп’яне виробництво, продукти переробки 

проса. 
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