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MODERNIZED FLOWCHART FOR MILLET
PROCESSING INTO POLISHED MILLET GROATS

Abstract

In Ukraine, millet production is characterized by significant fluctuations in sown area and gross yield over the past three
decades, with peak values recorded in the 1990s. Currently, the average annual sown area is 70—120 thousand hectares, and produc-
tion volumes reach 100-200 thousand tons, with cultivation concentrated in the steppe and forest-steppe regions. Ukraine holds
leading positions in Europe, accounting for approximately 0.5-0.8% of global millet production. The range of millet-based groats in
Ukraine is mainly limited to polished millet groats. Breeding work in Ukraine is systematic and continuous, with constant updates to
the varietal composition. As of 2025, 37 varieties are registered in the State Register, among which the most widespread is "My-
ronivske 51". The production of polished millet groats is a multistage process that includes cleaning, fractionation, dehulling, sort-
ing, polishing, and quality control. Dehulling is carried out on roller-deck machines with one or two decks, with sequential cleaning
of the products after each dehulling system. The polishing stage improves kernel quality and extends shelf life. The yield of the fin-
ished product is 60—65%, while dehulling losses reach 15.5%, the remaining losses consist of by-products formed due to kernel
fragmentation and flour formation. The technology is complex, labor-intensive, and energy-demanding, with high space and equip-
ment requirements, which complicates production at small enterprises. The main limitations include the narrow product assortment
and relatively low product yield, as well as the high complexity of the technological flow with numerous sorting and separation stag-
es. To improve efficiency and expand the assortment, technological modernization is needed: improvement of dehulling and polishing
machines, optimization of intermediate sorting, implementation of water-heat treatment, and the introduction of modern means of
groat quality control. These measures would create conditions for the development of groat production and an increase in millet’s
market share. During the research, a technological process for millet processing into polished groats was developed by introducing
water-heat treatment at the preparation and final stages of production. Preliminary steaming at 0.10-0.15 MPa and subsequent dry-
ing to 14% moisture improves the physical and mechanical properties of the grain, reduces hull strength, and facilitates more effi-
cient dehulling. Dehulling is carried out in two stages on roller-deck machines, which enables gradual removal of the hulls and re-
duces kernel damage. Separation after each processing stage effectively removes husk and flour. Kernel polishing on abrasive de-
huller Kaskad ensures gentle abrasion of hull residues and minimizes losses, while aspiration improves quality and shelf-life. The
final stage — repeated steaming — enhances the functional properties of the groats, inactivates enzymes, stabilizes fat, and increases
microbiological safety of the product.

Keywords: millet, cultivation and processing, groat industry, technological analysis, steaming of grain and polished
kernel, application of kernel control on pneumatic sorting table, increase product yield.
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Introduction Rus. At that time, millet was widely used to prepare por-

The history of millet as a groat crop has deep
roots that trace back to the earliest stages of agricultural
development and the formation of agrarian civilizations.
Archaeobotanical and paleoethnographic research indi-
cates that the domestication of millet occurred during the
Neolithic period, approximately in the 6th—5th millenni-
um BCE, in the territory of Northern China and Central
Asia. Findings of Panicum miliaceum L. seeds in the
cultural layers of Yangshao settlements in the Yellow
River basin confirm its early use in the diet of Neolithic
farmers. This region is considered the center of origin of
cultivated millet, from where it spread to other parts of
Eurasia. The gradual westward spread of millet occurred
through Central Asia to the steppe zones of Eastern Eu-
rope, as evidenced by archaeological excavations of
Scythian burial mounds, where grain remnants have been
discovered. In Europe, the first reliable evidence of millet
use dates back to the Bronze Age, specifically the 2nd
millennium BCE, particularly in the territory of present-
day Hungary, the Czech Republic, and Poland. Among
ancient Slavic tribes, millet was one of the key crops
ensuring food security, as indicated by archaeological
data and written references in the chronicles of Kyivan

ridges, bread products, and beverages, reflecting its ver-
satility as a food product. Throughout the Middle Ages,
millet became established as an important cereal crop in
European agriculture, especially under conditions of poor
soils and unstable climates. Its cultivation became wide-
spread in peasant farms due to the crop’s unpretentious
nature, drought resistance, and short vegetation cycle. In
Ukrainian lands, millet played a key role in the popula-
tion’s dietary structure, particularly in the production of
millet porridge, which for a long time remained a staple
of the daily diet. With the development of the flour and
groat industry in the 19th—20th centuries, technologies
for millet processing were improved, allowing for the
production of groats with a high degree of purification.
However, the gradual displacement of millet by wheat,
maize, and rice in many regions led to a decline in its
share of global production. Nonetheless, in Asian and
African countries, millet still remains an important ele-
ment of food security, especially in regions with high
moisture deficit [1-4].

Today, global millet production is characterized
by significant regional differences and is shaped by a
combination of agroclimatic, socio-economic, and cul-
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tural factors that influence the scale of its cultivation.
According to the Food and Agriculture Organization of
the United Nations (FAO), the average annual global
millet production over the past decade has ranged from
28 to 31 million tons, with sown areas fluctuating be-
tween 28 and 32 million hectares. The bulk of production
is concentrated in regions with arid and semi-arid cli-
mates, where crops with a short growing season and high
resistance to heat and moisture deficit are traditionally
cultivated. India is the largest millet producer globally,
accounting for over 40% of the world’s output, or ap-
proximately 12—13 million tons per year. In addition to
India, significant production volumes are contributed by
Niger and Nigeria, each of which cultivates an average of
4.5-5 million tons of millet annually, making them key
production centers in West Africa. In this region, millet
serves as a strategic food security crop due to its stable
yields under drought conditions, where cultivation of
other cereals is often unfeasible. Other major producers
include Mali, Sudan, Burkina Faso, and Chad, where
total production varies between 1 and 2 million tons, and
sown areas remain consistently high. Collectively, Afri-
can countries contribute over 50% of global millet pro-
duction, underscoring its strategic importance for the
continent. In China, production volumes reach 2-2.5
million tons per year, with cultivation primarily concen-
trated in northern provinces with a continental climate. In
Europe and North America, millet holds secondary im-
portance and is cultivated as a niche crop. For example,
in the United States, annual gross production amounts to
about 0.2—0.3 million tons, making it the largest producer
in North America. European countries collectively pro-
duce about 0.4-0.6 million tons of millet annually, ac-
counting for approximately 2% of global production. In
Central and Eastern European countries (Ukraine, Po-
land, Hungary, the Czech Republic, and Slovakia), millet
maintains the status of a traditional food crop. In con-
trast, in Western Europe (France, Germany, Austria),
production is mostly niche-oriented, targeting the organic
sector and the needs of specialized food markets [5-8].

Literary review

The assortment of groat products obtained from
millet processing is shaped by both the biological proper-
ties of the crop and the technological traditions of differ-
ent regions of the world. The basic and most widespread
product is groats produced by removing the floral and
fruit husks, the germ, and partially or fully polishing the
endosperm of Panicum miliaceum L. or related millet
species. In most countries with established traditions of
millet consumption (India, China, Niger, Nigeria, Mali,
Ukraine, Poland), millet groats are the primary end prod-
uct of industrial processing, which necessitates a high
degree of purification and polishing to achieve the de-
sired organoleptic properties [9,10].

In global practice, several types of millet groats
are distinguished depending on the degree of surface
processing of the kernel and the preservation of structural
components of the grain. The most widespread is pol-
ished groats, which contain a minimal amount of residual
husks and are characterized by a uniform light-yellow
surface. In Eastern European and Central Asian coun-
tries, crushed millet groats are also produced by frag-
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menting the polished kernel to reduce cooking time. In
India and China, products with less intensive polishing
are widespread, retaining more bran fractions and the
germ, which increases nutritional value but reduces shelf
life. In addition to traditional millet groats, industrial-
scale production includes auxiliary processed products
aimed at expanding the functional uses of millet. In many
African countries (Niger, Nigeria, Mali, Sudan), groats
with partial preservation of bran fractions are produced
for preparing national dishes such as thick porridges and
fermented foods. In South Asia, pre-steamed groats are
widely produced, involving water-heat treatment of the
grain before polishing, which improves cooking proper-
ties and increases the solubility of proteins and carbohy-
drates. In countries with developed food industries (USA,
France, Germany), the production of millet-based groat
products includes innovative forms tailored to specialized
dietary needs. These include instant porridges, flakes,
and granules made from millet groats, used as gluten-free
ingredients in food products. At the same time, Europe
and North America are seeing a growing trend toward
whole-grain groats that retain the germ and bran layers,
aligning with modern healthy eating trends [11-14].

Formulation of the problem

Millet production in Ukraine is characterized by
significant variability. According to statistical data from
the State Statistics Service of Ukraine and international
databases (FAOSTAT), over the past three decades the
sown area of millet in Ukraine has ranged from 40,000 to
300,000 hectares, resulting in substantial fluctuations in
total harvest from 50-70 thousand tonnes to 250-300
thousand tonnes during periods of increased domestic
demand. The largest millet-growing areas were recorded
in the mid-1990s, when millet production held strategic
importance for the country’s food security. However,
since the early 2000s, a gradual decline in sown area has
been observed due to decreasing crop profitability and
displacement by more lucrative cereals such as wheat and
corn. In the recent period (2015-2023), the average an-
nual millet sown area ranges from 70,000 to 120,000
hectares, ensuring production volumes between 100,000
and 200,000 tonnes. The highest production volumes are
traditionally concentrated in the steppe and forest-steppe
regions (Dnipropetrovsk, Zaporizhzhia, Mykolaiv, Ode-
sa, Poltava, and Kharkiv regions), which is explained by
millet’s adaptability to low moisture and high tempera-
tures during the growing season. In Ukraine, millet is
mainly cultivated by small and medium-sized farms. In
the context of global production, Ukraine accounts for
approximately 0.5-0.8% of the world's total millet har-
vest, allowing it to remain one of the leading producers
in the European region [15-18].

The range of groat products obtained from mil-
let processing in Ukraine is traditionally represented by
polished millet groats, which is the only product regulat-
ed by the Rules for conducting and organizing the tech-
nological process at groat mills [19].

The assortment of millet-based groat products in
Ukraine can be described as limited compared to foreign
practices, particularly in the EU, the USA, and India,
where the production of instant porridges, flakes, and
granules based on millet groats is actively developing.

http://grain-feed.ontu.edu.ua
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DSTU 5026:2008 "Millet. Technical Specifica-
tions" is the current regulatory document that defines
quality requirements for millet grain intended for food
use. It sets key parameters to ensure compliance with
safety standards and technological suitability for pro-
cessing. The standard applies to cultivated millet grain
(Panicum miliaceum L.) supplied to grain processing
enterprises and defines its quality based on a set of phys-
icochemical, sanitary-hygienic, and organoleptic indica-
tors. DSTU 5026:2008 also includes a classification of
millet based on quality categories depending on the in-
tended use and key parameter levels. The standard estab-
lishes moisture content requirements, which must not
exceed 13.5%, to ensure proper storage conditions and
prevent microbiological spoilage or self-heating. Limits
are also set for impurities: foreign matter (no more than
2.0%) and grain admixture (no more than 8.0%). The
standard classifies millet by kernel color, which is an
important factor in further groat processing. The follow-
ing types are identified: white, creamy, yellow with
shades, red in various shades, and mixed colors. For
high-quality food-grade use, preference is given to first-
and second-class millet with yellow or white coloration,
as these yield groats with desirable organoleptic charac-
teristics after polishing. First-class millet must possess
the highest consumer and technological properties: uni-
form kernel size, moisture content not exceeding 13.5%,
minimal amounts of foreign and grain impurities (within
2.0 % and 5.0 %, respectively), no signs of pest damage
or mold, and a total of damaged and shriveled kernels not
exceeding 3—4%. This grain is considered most suitable
for the production of groats with high organoleptic quali-
ty. Second-class millet has slightly lower quality indica-
tors: higher permissible levels of impurities (foreign mat-
ter up to 2.0%, grain admixture up to 8.0%), and a great-
er proportion of damaged, shriveled, or sprouted kernels.

As of July 2025, the State register of plant varie-
ties permitted for distribution in Ukraine [20] includes 37
varieties of common millet (Panicum miliaceum L.). The
most widespread remains the Myronivske 51 variety,
which was included in the Register [20] as early as 1978.
In the following decades, the assortment of registered
varieties expanded with the inclusion of Kyivske 87
(1991) and Kyivske 96 (1999). During the first two dec-
ades of the 21st century, breeding work remained con-
sistent, reflecting the systematic nature of the selection
process. However, the most intensive renewal of the va-
rietal composition occurred in 2006, when five new vari-
eties were registered simultaneously: Denvikske,
Zolushka, Konstantynivske, Lana, and Tavriiske. Over
the past five years, there has been further active replen-
ishment of the varietal resources: in 2020, the varieties
Dyvovyzhne, Kazkove Dzherelo, and Kornberger Mittel-
frueh were registered; in 2021 — Yardush; in 2022 —
Kesha; in 2023 — Peremozhne; and in 2024 — PS Lileya,
PS Chysta Krynytsia and Slavetne.

The millet breeding process in Ukraine is con-
tinuous and purposeful, ensuring the gradual formation
of a modern varietal base of this crop and creating pre-
requisites for expanding and updating the raw material
base necessary for the stable operation and development
of groat production.

The low popularity of millet-based products on

© “3epHoBi NpoayKTH 1 KOMOiKopMHu”, 2025

the modern Ukrainian market is driven by a complex of
socio-economic, technological, and cultural factors that
interdependently affect consumer preferences. First and
foremost, millet is traditionally associated with a limited
range of products, primarily represented by millet groats,
shaping the perception of this crop as secondary com-
pared to other cereals such as wheat, rice, or buckwheat.
This stereotype, rooted in the soviet period, still signifi-
cantly hampers the development of a millet consumption
culture under modern conditions. A key barrier is also
technological limitations in production. Millet processing
is accompanied by elevated kernel losses due to the com-
plexity of dehulling and the need for multi-stage pro-
cessing, which directly affects the cost of the final prod-
uct.

Insufficient modernization of processing equip-
ment and the lack of adapted processing schemes for
modern high-yielding varieties limit the potential for
product range expansion, resulting in a market dominated
by traditional millet groats with few innovative solutions
in the field of modern groat products.

An important role is also played by the social
aspect, particularly the changing dietary preferences of
consumers. The demand structure is dominated by con-
venience foods and products aligned with current healthy
eating trends, while millet, despite its high content of
biologically valuable substances, remains underrepre-
sented in the categories of enriched, functional, and pre-
mium products. An additional factor is the lack of effec-
tive promotion of millet-based products in the domestic
market, which prevents consumers from forming clear
associations between this crop and modern, high-quality
food products.

The technological process for producing pol-
ished millet groats, according to the Rules for conducting
and organizing the technological process at groat mills
[19], is a multi-stage system of operations. It includes
initial cleaning of the grain mass from foreign impurities,
fractionation by size characteristics, dehulling, separation
of dehulling products, polishing, control, and sorting
after each processing stage.

The prepared grain is first fractionated using air-
screen separators and groat plansifter A1-BRU. The
technological scheme of production can be implemented
in two ways: single-stream processing without size frac-
tionation or a two-stream scheme with fractionation into
coarse and fine fractions. The coarse fraction is formed
by passing through a 3,0 mm sieve and descending from
1,720 mm sieves; the fine fraction passes through a
1,7x20 mm sieve and descends from 1,5%20 mm sieves.
Both fractions are then directed to the dehulling opera-
tion.

Dehulling is performed on roller dehullers with
one or two decks. The use of single-deck dehullers in-
volves sequential grain processing through four dehulling
systems (in the case of fractionation, three systems are
used: the first operates separately for each fraction, while
the second and third operate jointly). When using double-
deck dehullers, sequential dehulling occurs on two sys-
tems. After each dehulling system, the products go to
sorting to air separators to remove husks, crushed kernel
particles, and bran, as their presence significantly reduces
the efficiency of subsequent operations. Specifically,
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products from the first dehulling system are separated
three times, while products from the second, third, and
fourth systems are separated twice. As a result of these
operations, millet kernels with an unhulled grain content
not exceeding 1% are formed. This intermediate product
is classified as semi-processed polished millet groats
(dranets). To improve the commercial appearance, en-
hance consumer characteristics, and ensure an extended
shelf life, a polishing operation is performed, during
which the fruit and seed coats, as well as part of the
germ, are removed. Polishing is carried out in a single
system using machines such as the A1-ZShN type and
screw-press polishing units U1-BShP. The polishing
products are passed twice through air separators to re-
move bran, small kernel particles, and remaining hull
fragments. The obtained whole polished kernel is di-
rected to a groat sieve for final control: large impurities
are removed on sieves with openings @ 2,3-2,5 mm or
sizes of 1.8—1.9x20 mm, while bran residues and crushed
particles are removed by passing through sieves with
openings @ 1,6—1,7 mm. The material descending from
the 1.6-1.7 mm sieves forms the finished product—
polished millet groats—which are additionally cleaned
twice in air separators before packaging. The yield of
finished product by this technological scheme is 60-65%
[19].

Among the main disadvantages of polished mil-
let production is the long duration and multi-stage nature
of the technological process, which largely determines its
high energy consumption and labor intensity. The need to
use four consecutive dehulling systems when employing
single-deck roller dehullers or two systems when using
double-deck dehullers is explained by the morphological
features of millet grain. An additional complexity of the
technology is created by the advanced system of separa-
tion and sorting: the products of dehulling after each sys-
tem undergo thorough cleaning using up to nine air sepa-
rators, which ensure the removal of husks, crushed kernel
particles, and bran. The integrity and size composition of
the kernel are controlled using groat sieves and additional
air separators. The specific features of the technological
scheme impose increased requirements on the production
area for the placement of corresponding equipment and
the transport communications between its units. This
creates significant difficulties for implementing the full
production cycle of polished millet groats at enterprises
with low capacity, often limiting their ability to master
millet processing. Analysis of the classical technology
reveals a number of key limitations, among which the
main ones are the narrow product assortment and rela-
tively low yield of finished groats. The yield of polished
millet groats is 60—65 %, while the proportion of husks
removed at the dehulling stage reaches 15.5 %. The re-
maining by-products and waste are formed due to exces-
sive formation of crushed kernel particles and bran,
which arise as a result of the intensive mechanical action
of the working parts of the dehulling and polishing ma-
chines.

The complexity and length of the technological
process, increased losses of the valuable part of the grain,
and insufficient flexibility of production schemes deter-
mine the objective need for further modernization of mil-
let processing technology. Optimization of the designs of
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dehulling and polishing machines, improvement of the
intermediate sorting system, implementation of stages of
water-heat treatment of the grain, and equipment for
groat quality control are key directions for increasing the
efficiency of polished millet production and further ex-
panding its product range.

Materials and methods

The aim of this study is to substantiate and de-
velop a technological scheme for processing millet into
polished millet groats with the implementation of two-
stage steaming, reduction of the dehulling stage, and in-
troduction of groat quality control using specialized
equipment.

The objectives are:

- to analyze the volumes of millet cultivation
worldwide and in Ukraine, identifying current trends,
challenges in cultivation, and processing;

- to analyze the stages of millet processing into
groats according to the existing technology;

- to develop and substantiate a modernized tech-
nological process for millet processing into groats by
introducing grain steaming before dehulling and steam-
ing of the finished product, shortening the dehulling
stage, and implementing groat control on pneumatic sort-
ing table.

Results of the study and their discussion

As part of our research, we developed an im-
proved version of the technological process for pro-
cessing millet grain into polished groats (Fig. 1). This
process increases the yield of whole kernels and im-
proves the quality indicators of the final product by in-
troducing water-heat treatment at the stages of grain
preparation and final kernel processing.

According to the developed technological
scheme, millet grain cleaned of impurities and with a
moisture content not exceeding 14% is directed in a sin-
gle stream to the first stage of water-heat treatment,
which is carried out by hot conditioning in batch-type
steamers, such as the “A9-BPB” (manufactured by
"OLIS" Ltd,, Odesa [21]). Steaming is carried out under
a steam pressure of 0.10-0.15 MPa for 3—5 minutes. The
steamed grain is then dried in vertical steam dryers, such
as the “VPS-O” (manufactured by "OLIS" Ltd,, Odesa
[21]), to a moisture level of no more than 14%.

Water-heat treatment of millet before dehulling
is a key technological step that optimizes the grain's
physical and mechanical properties and significantly in-
creases the efficiency of subsequent dehulling and pol-
ishing operations. Millet kernels are characterized by a
dense adhesion of the fruit and seed coats to the endo-
sperm surface, as well as high vitreousness, which neces-
sitates the application of intense mechanical force during
dehulling. Such force often leads to the formation of a
large number of broken kernel particles and flour dust,
increasing unproductive losses. Water-heat treatment
alters these properties, creating favorable conditions for
more controlled separation of the husks.

During grain steaming, partial plastic defor-
mation and softening of the outer layers occur due to
moisture penetration into the intercellular spaces and
protein denaturation in the cell walls. This reduces the

http://grain-feed.ontu.edu.ua
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Millet grain cleaned of impurities

Water-heat treatment
(steam pressure of 0.10-0.15 MPa for 3-3 minutes)

Drying in vertical steam dryers {moisture content of 14 %)

Dehulling (two sequential systems )

Sorting of debulling products
(after each dehulling svstem )

Groat control system
{after second dehulling system)

Polishing groat system
(one system)

Sorting of polishing products
(two system )

Ciroat control system
(one system)

Water-heat treatment
(steam pressure of 0.20-0.22 MPa for 5-10 minutes)

Drying in vertical steam dryers (moisture content of 12-13% )

Fig. 1 —The structure scheme of processing
millet into groats

strength of the bond between the husks and the outer
endosperm layers. Simultaneously, the starch granules in
the endosperm swell, and partial breakdown of protein-
starch complexes occurs, reducing internal stress within
the kernel tissues. As a result, the mechanical force re-
quired for dehulling and polishing is reduced, significant-
ly decreasing kernel breakage and the formation of floury
particles.

Additionally, steaming inactivates enzymes,
which slows down hydrolysis and kernel spoilage during
storage of the finished product. The thermal effect also
leads to partial gelatinization of the starch in the surface
layers, reducing brittleness during mechanical pro-
cessing.

In the next stage, the grain mass is subjected to
dehulling using two sequential systems of roller-deck
dehulling machines, such as the millet dehuller “VDSO”
(manufactured by "OLIS" Ltd,, Odesa [21]).

Dehulling millet grain after preliminary water-
heat treatment using two consecutive systems millet de-
huller “VDSO” (manufactured by "OLIS" Ltd,, Odesa
[21]) has a number of significant technological and quali-
ty advantages, justifying the application of this approach
in modern groat production facilities. Performing the
dehulling operation after steaming results in a substantial
change in the physical and mechanical properties of the

kernel, directly influencing the performance of the roller-
deck machines. During steam treatment under pressure,
the floral hulls soften, protein-polysaccharide bonds par-
tially break, and the adhesion strength of the hulls to the
outer layers of the endosperm decreases. This reduces the
mechanical effort required for their separation and, ac-
cordingly, minimizes kernel damage during dehulling.
The use of two sequential dehulling systems millet de-
huller “VDSO” allows for a stepwise impact on the ker-
nel with gradual removal of the hulls. This approach en-
sures more precise processing, reducing the formation of
broken particles and flour. The first system primarily
separates the floral hulls with partial removal of the fruit
coats, while the second completes the cleaning of the
kernel by removing residual hulls fragments. Such distri-
bution of mechanical load between the systems prevents
excessive pressure on the kernel and reduces the likeli-
hood of microcracks in the endosperm structure, positive-
ly affecting the integrity and technological properties of
the groat.

The structural features of the millet dehuller
"VDSO" allow for the adjustment of the pressure of the
working elements and the feed rate of the grain, which,
combined with preliminary conditioning, ensures a high
level of adaptability of the process to different batches of
raw materials. The combined effect of applying steaming
and two systems of single-deck roller-deck machines
results in an increase in the yield of whole kernels up to
65-70% by reducing unproductive losses in the form of
flour dust and broken particles. Additionally, the uni-
formity of the granulometric composition of the final
groats is improved, and their culinary properties are en-
hanced due to the preservation of the structural integrity
of the endosperm.

To improve the efficiency of hulls separation,
the dehulling products after each system are subjected to
separation in air separators, such as the “ASO” (manu-
factured by "OLIS" Ltd,, Odesa [21]), which makes it
possible to remove hulls, broken kernel particles, and
flour dust.

The use of “ASO” air separators (manufactured
by "OLIS" Ltd,, Odesa [21]) for sifting millet dehulling
products offers a number of significant technological
advantages, justifying their integration into modern pro-
duction lines for polished millet groats. The key task of
this equipment is the effective separation of dehulling
products based on aerodynamic properties, allowing the
removal of light fractions hulls, floral and fruit coat resi-
dues, as well as fine particles of flour dust and ensuring a
stable granulometric composition of the semi-finished
product for further processing. One of the main ad-
vantages of the “ASO” separators is the ability to finely
adjust the airflow, ensuring a high degree of selectivity in
product separation. This is particularly important when
working with millet, the kernels of which are low in
weight and highly variable in morphological characteris-
tics. As a result, this equipment reduces the number of
hulls fragments and flour dust in the whole kernel frac-
tion, which directly improves the quality of subsequent
polishing and the final product. Using “ASO” separators
after each dehulling system ensures multi-stage cleaning
of the products, minimizing the risk of recontaminating
the kernel with hulls, increasing the efficiency of the
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following technological equipment (especially polishing
machines), and reducing wear and tear by removing
abrasive hulls particles. The design features of the
“ASO” separators include a closed air circulation system,
which significantly reduces energy consumption for sift-
ing and lowers the dust content of the working environ-
ment. This not only cuts operational costs but also im-
proves sanitary and hygienic conditions in the production
area.

Before further polishing, a control sorting of
products is carried out in a groat plansifter, such as the
“RKO” (manufactured by "OLIS" Ltd,, Odesa [21]),
where the remaining flour dust and broken kernel parti-
cles are removed. Kernels that remain on sieves with a
size of 1,4x20 mm are classified as whole dehulled ker-
nels and directed to the next operation, while undersized
material is removed as broken kernel particles, flour dust,
and residual hulls.

Polishing of whole kernels is performed in a
single system using the abrasive dehuller “Kaskad”
(manufactured by "OLIS" Ltd,, Odesa [21]) or their
structural analogues, which operate based on the princi-
ple of intensive abrasion of the remaining hulls.

The main advantages of abrasive dehuller
“Kaskad” (manufactured by "OLIS" Ltd,, Odesa [21]) in
millet processing lie in their ability to effectively clean
the kernel from residual hulls fragments and superficial
endosperm layers without significantly damaging its
structure. Polishing millet grain is a technologically chal-
lenging operation due to the small size of the kernels,
their fragility, and their tendency to form flour dust under
intensive  mechanical action. Abrasive dehuller
“Kaskad”implement the polishing process through a con-
trolled abrasion mechanism, which allows for the gradual
removal of thin hulls layers in stages, avoiding deep
damage to the outer endosperm layers. A key advantage
is the ability to regulate the intensity of polishing (rota-
tion speed of working elements, applied pressure, and
residence time of the grain in the chamber), which allows
adaptation of the process to the specific characteristics of
the kernels. As a result, the formation of broken kernel
particles and flour dust is reduced, increasing the yield of
whole polished kernels. Thanks to their design, which
includes intensive aspiration, flour dust and fine hulls
particles are removed simultaneously with the polishing
process. This prevents their re-adhesion to the kernel
surface and improves the hygienic condition of the grain.
This approach makes it possible to obtain polished millet
with a clean, uniform surface, which positively affects its
organoleptic properties and storage stability.

After polishing, the products undergo double air
separation in a closed-cycle air separator, such as the
"ASQO", to effectively remove residual flour dust and
hulls particles. The cleaned kernels are then fed to a
pneumatic sorting table, such as the gravity separator
"SPS" (manufactured by "OLIS" Ltd,, Odesa [21]),
where final quality control of the polished kernels is car-
ried out, and unhulled grains are removed and sent back
for reprocessing in the second dehulling system.

The use of the gravity separator "SPS" (manu-
factured by OLIS LLC, Odesa [21]) at the final quality
control stage of polished millet groats improves the qual-
itative characteristics of the final product and reduces the
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share of unsuitable impurities. The operating principle of
this equipment is based on the combination of vibrational
impact and a controlled airflow, enabling particle separa-
tion based on a complex of physical properties such as
density, size, shape, and aerodynamic characteristics. The
main advantage of the gravity separator "SPS" (manufac-
tured by OLIS LLC, Odesa [21]) is its ability to effec-
tively separate unhulled or partially hulled grains, hulls
fragments, and light impurities from whole polished ker-
nels. This is especially important in millet groats produc-
tion, where even a small amount of unhulled grains or
hulls fragments significantly degrades the commercial
appearance and consumer properties of the product. The
use of the gravity separator "SPS" ensures a higher de-
gree of uniformity in groats in terms of structure and
color. An additional advantage of the gravity separator
"SPS" is the ability to precisely regulate process parame-
ters (airflow intensity, vibration frequency, and ampli-
tude), allowing the equipment to be adapted to different
product batches with varying granulometric characteris-
tics. This makes it possible to minimize whole kernel
losses while maintaining a high yield of finished groats
and simultaneously removing foreign impurities and
technological defects. The main advantage of the gravity
separator "SPS" (manufactured by OLIS LLC, Odesa
[21]) over optical sorters at the control stage of polished
millet groats lies in its fundamentally different operating
principle, which provides superior efficiency in fraction
separation based on physical and mechanical properties.
Optical sorters operate exclusively on optical principles,
identifying and removing kernels that differ in color or
shade from the main product mass. However, in the case
of millet characterized by small kernels with variable hull
and partial germ coloration, as well as a tendency to form
small husk fragments after hulling and polishing—optical
sorters are unable to differentiate kernels by density or
degree of hulling. As a result, they do not fully remove
unhulled or partially damaged kernels from the final
product. The gravity separator "SPS" performs multipar-
ametric separation of the product based on density, size,
shape, and aerodynamic properties not just optical char-
acteristics. This allows for the effective removal of not
only kernels with residual hulls but also low-density par-
ticles, small kernel fragments, and hulls, improving the
uniformity and structural integrity of the final groats.
Moreover, the gravity separator "SPS" offers advantages
in operational cost and reliability: it does not require
complex calibration of optical systems, expensive
maintenance, or replacement of photo-sensitive compo-
nents, and is less sensitive to dust in the production envi-
ronment. This makes it more suitable for large-scale mil-
let processing lines, where ensuring process stability and
high throughput takes precedence over the detection of
individual off-color kernels.

The final stage of millet processing involves the
second phase of water-heat treatment, which is per-
formed in batch or continuous steamers, such as the
"PPSH-O" (manufactured by OLIS LLC, Odesa [21]), at
a steam pressure of 0.20-0.22 MPa for 5—10 minutes.

The application of steaming in batch or continu-
ous steamers—particularly in units like the "PPSH-O"
(manufactured by OLIS LLC, Odesa [21]) is a scientifi-
cally and technologically justified approach that im-
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proves the physicochemical and functional-technological
properties of the final groats. Steaming at 0.20—0.22 MPa
for 5-10 minutes induces targeted structural-chemical
transformations in endosperm components, primarily
starch, proteins, and pentosans. These changes collective-
ly enhance the quality characteristics of the groats, sim-
plify further culinary use, and extend shelf life. Thermal
degradation of part of the lipid—pigment complex con-
centrated mainly in the germ and peripheral endosperm
layers reduces the risk of rancid taste and odor develop-
ment in the final product, which is especially relevant for
millet groats. In addition, steaming in the "PPSH-O" con-
tributes to a reduction in enzymatic activity, particularly
of lipase and lipoxygenase, which catalyze oxidative
spoilage of fats. Lower enzyme activity results in de-
creased intensity of oxidation processes, thereby posi-
tively affecting the stability of the groats organoleptic
properties during long-term storage. Partial inactivation
of the microflora also occurs, increasing the microbiolog-
ical safety of the final product. The "PPSH-O" steamer
(manufactured by OLIS LLC, Odesa [21]) is character-
ized by stable steam delivery parameters, uniform prod-

uct treatment, and the possibility of automated control of
key operating modes. This ensures reproducible steaming
effects and adaptability to various processing lines.
Thanks to its structurally simple design, the unit also
boasts high reliability, energy efficiency, and ease of
maintenance, facilitating its integration into modern mil-
let processing facilities producing polished millet groats.

The steamed groats are dried in vertical steam
dryers until a moisture content of 12—13% is reached.
After that, they undergo inspection in magnetic separa-
tors to remove any possible ferromagnetic impurities and
are then directed either for packaging or for storage in
finished product bins.

Conclusions

The developed technological scheme makes it
possible to optimize the dehulling and polishing process-
es through preliminary conditioning of the grain, reduce
the loss of valuable endosperm fractions, thereby increas-
ing the yield of whole groats and ensuring stable quality
indicators of the final product in accordance with modern
requirements of the groats industry.
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MOJEPHI3OBAHA CXEMA IIEPEPOBKH ITPOCA B KPYIIN TUITY
INIIOHO IIJII®POBAHE

AHoTanis

B Vxpaini eupobnuymeo npoca xapaxmepusyemscs 3HAUHUMU KOTUBAHHAMU NAOW, NOCIGI6 | 06¢512i6 641060~
20 360py NPOMI20M OCMAHHIX MPbOX 0eCAMULIMb, i3 MakcumaibHumu sHavenuamu y 1990-x poxax. Cyuachi cepeonvo-
piuni nocieu cmanognamv 70—120 muc. ea, a eupobnuymeo — 100-200 muc. monH, 6Upousy8ans 30cepeddicene y cne-
nogux i nicocmenogux pezionax. Ykpaina nocioae npogioni nosuyii y €sponi, 3abesneuyiouu 6ausvko 0,5-0,8 % ceimo-
6020 BUPOOHUYMBA. Acopmumenm Kpyn sHUX RpoOyKmie i3 npoca 8 YKpaini oOMedceHuil nepesardCHo uiigho8anor
nwonanoio kpynoio. Cenexyiiina poboma 6 Ykpaini € cucmemnoro ma be3nepepenoio, 3 NOCMIlIHUM OHOGLEHHAM COp-
mogoeo cknady. Ha 2025 pix é Peecmpi 3apeccmposano 37 copmis, ceped AKUX HAOinbs pO3N0ECIOONCEHUL COPMm —
«Muponiscvke 51». Bupobnuymeo winigpoganozo nuiona € 6azamocmadiiiHum npoyecoMm, AKUll 6KIIYAE OYUUJEHHS,
@DpaxyionyeanHs, IyWeHHs, COPMYBANHSA, WNIQYBAHHA MA KOHMPOb. JIYWeHnHs nposooumsCcsa Ha 8anbyedeK08UX Gepc-
mamax iz 00Ho0 ab0 080Ma OeKamu, 3 NOCIIO0BHUM OUUWEHHAM NPOOYKMIE NiCas KOAHCHOI nywunvhoi cucmemu. LLni-
@ysanns 3abe3neuye NOKPAweHHst SIKOCMI 0pa i NOO0BICEeHHST MePMIHY 30epicants. Buxio eomosoi npooykyii cmano-
sumv 60—65 %, empamu nio uac nywenns caeaiomo 15,5 %, a pewuma — nobiuni npodykmu yepe3 noopionenns a0pa i
ymegopenns bopouenys. Texnonozisa € ckiaoHo1o, mpyOOMICIMKOIO i eHePeOEMHOIO, 3 BUCOKUMU BUMO2AMU 00 NIOW mad I:l
0071a0HANHS, WO YCKIAOHIOE UPOOHUYMBO HA Maaux nionpuemcmeax. OCHOGHI 0OMedCeHHs — 8V3bKULL ACOPMUMEHN |
NOPIGHAHO HU3LKULL GUXIO NPOOYKYIL, @ MAKONHC BUCOKA CKAAOHICMb MEXHON02IYHOIL CXeMU 3 YUCTIeHHUMU emanamu cop-
myeanus i cenapysauHs. /[ nioguuyeHHs eexmusHOCmi ma po3uUperHs aCOpmMUMeHmy HeobXiOna MoOepHI3ayis
MEeXHONI02IL: YOOCKOHANEeHHS JYWULbHUX [ WIIY8ATbHUX MAWMUK, ONMUMI3AYis NPOMIJICHOZ0 COPMYBAHHSA, 6NPOBA-
0JiCeHHs B0OHOMENI0680i 0OPOOKU Ma CYHACHUX 3ac00i8 KOHmpoto akocmi Kpynu. Lle cmeopums ymosu 011 po36umxy
Kpyn’siH020 8UpoOHUYmMaEa i 30L1bWeHHs YACMKU NPOCca Ha PUHKY. B X001 6uKoHaHHs 00Caiodicenb po3poOaeHO MexXHOIO0-
2IYHULl npoyec nepepodKU Npoca 8 winigho8any Kpyny uLiaxom enpo8aodCeHHsi 600HOMeNnI080i 06poOKY Ha emanax nio-
20MOBKU MA 3aKTIOUHOMY emani eupooHuymea 0as 2omoeoi npodykyii. Ilonepeone nponapiosanns npu 0,10—0,15 MIla
i nodanvute cywinus 0o 14 % eonococmi nokpawyioms QisuKko-mexaniuni 61acmusoCmi 3ePHI6KU, 3HUNCYIOMb MIY-
Hicmb 000JIOHOK i CNPUSIOMb eeKMUSHIWOMY TyuenHio. JIywenns 30iicHIoEmbCs y 081 cmaodii Ha 8a1bYedeKo8UX Gep-
cmamax, wo 3abe3neyyec noemante 3HAMMA 000I0HOK 1 smeHwye pyiHyeanns aopa. Cenapayis nicis KO#CHO20 emany
00pobru 00360515€ eghekmueno sudarsmu y3ey ma oopowno. Llnigpysanns sopa na mawunax muny «Kackao» 3abes-
neuye m’saxe cmupanus 000I0HOK | MIHIMI3ayilo émpam, a achipayis nioguwye sSKicmo i mpuganicms 30epicanus. 3a-
KI0YHa cmaodisi — NOGMOpPHEe NPONApIOBaAnHs NOKPAWYE QYHKYIOHANbHI 61ACMUBOCI KPYRU, [HAKMUBYE (phepmenmu,
cmabinizye Jcup ma nioguugye MiKpooionociuny oesnexy npooyKyii.

KirouoBi cinoBa: mpoco, BHpomyBaHHA i mepepodka, Kpyn’siHa NPOMHCJIOBICTb, aHAJI3 TeXHOJIOrII,
NPONAPIOBAHHA 3ePHA i NLIi)OBAHOIO AAPA, 32CTOCYBAHHSA KOHTPOJIIO 1ipa HA THEBMOCTOJIAX, 30L/IbIICHHS BH-
X04y NpoayKIii.
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