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M'I—[LLET GRAIN: PROSPECTS OF USE AIGD
EXPANSION OF THE PRODUCT RANGE

Abstract

Millet grain is a promising crop for expanding the current assortment of cereal production products. Products of
millet processing in the world include a wide range of food and feed products, as well as biofuel produced on the basis of food
production waste (husks). Groats, flakes, plucked grains, extruded food products are produced from millet, millet flour is
widely used for the production of composite flour mixtures with baking flour, bakery and confectionery products, etc. In the
Register of plant varieties suitable for distribution on the territory of Ukraine (Register) 35 varieties of common millet Pani-
cum miliaceum L., which can be used as a food grain, are registered. The most common millet variety in Ukraine is My-
ronivs'ke 51. It was entered into the Register in 1978. Indirectly, depending on varietal characteristics and growing condi-
tions, millet can contain 8-18% protein, 3-5% fat, 59-69% carbohydrates, 2-3% sugars, 1-3% fiber and 2-3% ash. The chemi-
cal composition of millet contains water-soluble vitamins Bs, By, Bs, Bg, By, PP, and millet is also an important source of mac-
roelements such as Cu, I, Br, Ca, Fe, Zn. One of the possible solutions for increasing the quantitative indicators of millet pro-
cessing and increasing the yield values of finished products is the inclusion of water-heat treatment in the stage of grain prep-
aration before husking. Conducting water-heat treatment makes it possible to strengthen the core and, accordingly, reduce by
5-7% the amount of formation at the dehulling and pearling stage of by-products and waste. The lack of a water-heat treat-
ment stage in the traditional scheme is also due to the fact that at the time of publication and approval of the Rules, there was
no technological equipment that would allow detecting and removing potentially damaged grains from the technological pro-
cess effectively enough, especially considering the characteristics of millet grain. In addition, millet is the only crop in the
range of which the Rules recommend producing only one type of groat. Taking into account the sufficiently balanced chemical
composition of millet, there is a need to expand the range of products from this grain and justify their production modes, as
well as to modernize and revise the existing technological process for the production of classic millet groats in the direction of
using modern technological equipment, which will allow to increase the controllability of various stages of the technological
process at simultaneous reduction of energy costs for production. Today, instant cereals or cereals that do not require cook-
ing, flaked products and cereal breakfasts, muesli, cereal bars, multi-grain cereals, granola, etc. are widely popular in the
World and also in Ukraine.

Key words: millet, groats, chemical composition of grain, grain production, varieties, assortment expansion,
water-heat treatment, optical separators.

Introduction The groats branch of the food industry belongs to the
In the nutrition structure of a modern person, socially significant branches of the agro-industrial com-
groats and groats products occupy 20...30% of the total plex. The state and development of the groats industry of
volume of consumption of cereal products.A feature of the state is one of the determining factors of the well-
groats production is the presence of a wide range of pro- being, working capacity and health of its population.
cessed raw materials. The groats factories process eight In many countries of the World, there is a ten-
main grain crops: rice, millet, buckwheat, oats, barley, dency to expand the assortment of cereal products. Ex-
corn, wheat and legumes - peas, as well as, in small pansion of the assortment and high efficiency of pro-
quantities, sorghum and chickpeas, etc. cessing is achieved due to the use of new cereal crops.
The processing of these crops involves complex The appearance of more efficient modern equipment
energy-intensive operations of the technological process. leads to the fact that grain enterprises increasingly focus

As a rule, most types of groats and flakes have a low on grain and leguminous crops, which 10-15 years ago
yield and a relatively lower nutritional value compared to were not considered promising for grain production and

unprocessed grains. In the process of dehulling and pearl- were used more for fodder purposes.
ing of grain, a significant part of the protein, vitamins, Thus, to expand the range of finished products,
minerals, dietary fibers, etc. is extracted. For example, it is proposed to use new varieties and types of cereal

the protein content in barley grain is 14.5 g per 100 g of crops, which will significantly improve the ecological
grain, and in pearl barley obtained from it at a yield of condition of finished products, their quality, nutritional
45%, it is 7.3 g of protein in 100 g of grain, which is value, consumer properties, will allow to shorten the
about 50% of the use of protein from its content in technological process by reducing the number of pro-
grains. In modern conditions, such low indicators in the cessing stages, increase the yield of finished products
production of cereals and cereal products are insufficient. products, reduce energy costs for production.
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Literary review

Millet grain is a promising crop for expanding
the current assortment of groats production products.
Millet has been known to mankind for a long time, the
first mentions of it are known as far back as 4-5 thousand
years BC. The homeland of millet is considered to be the
regions of East and Central Asia, from there it began to
spread around the world along with the migration of peo-
ple to other regions. Due to its undemanding require-
ments for growing conditions and sufficiently balanced
chemical composition, millet grain is still one of the
main crops that provide food needs in developing coun-
tries on the African and Eurasian continents [1,2].

According to the volume of cultivation in the
World, millet can be classified as one of the main grain
crops. The total area of millet cultivation in the world is
up to 40 million hectares. The main countries focused on
growing millet are China and Mongolia, millet is also
grown in the USA, India, Japan, Afghanistan, Bulgaria,
Hungary, Poland, some African countries, etc. The aver-
age volume of millet cultivation in the world is up to 32
million tons per year. For Ukraine, millet is one of the
eight traditional grain crops, but in terms of its cultiva-
tion volume and the volume of produced food products,
this crop can be classified as a niche crop. Small agricul-
tural holdings or even home farms are engaged in the
cultivation of millet in Ukraine. The cultivated area of
millet in Ukraine does not exceed 300,000 hectares and
in recent years has a tendency to decrease. The main re-
gions of millet cultivation in Ukraine are the Steppe and
Forest Steppe, and the volume of grown grain usually
does not exceed 120-140 thousand tons annually. Such
relatively small volumes of millet cultivation in Ukraine
are primarily aimed at meeting the needs of the domestic
market for food and fodder products. According to re-
search data, the physiological norm of millet consump-
tion per person is up to 2.6 kg per year [3, 4].

Among the many types of millet, four main
types can be distinguished: the most common type of
millet is Pearl millet (Pennisetum glaucum) or African
millet, it is widely used for the production of food prod-
ucts and, accordingly, this type of millet occupies the
largest share in world production (up to 40%), Foxtail
millet (Setaria italica) or millet (Chumiza Italiana), Pro-
so millet or white millet (Panicum miliaceum) or millet,
common, panicle white and Finger Millet (Eleusine cor-
acana) which are also widely distributed throughout the
World and are used for a wide range of needs and pro-
spects in the grain processing industry are also of great
importance. Millet can be classified as a small-seeded
crop. According to the mass index of 1000 grains, the
grain is divided into three groups: large millet (the grain
is obtained by passing through a sieve ¢ 1.8 mm) from
7g, medium in size (passing through a sieve @ 1.8 mm
and passing through a sieve @ 1.5 mm) in between 5-7 g,
small grain (sieve passage @ 1.5 mm) up to 5 g. Millet
grain can be spherical, oval or elongated in shape. A
spherical grain is characterized by almost the same
width, length and thickness, with an elongated shape, the
length exceeds the thickness and width by approximately
two times. The color of millet can be grayish-white,
brown, cream, yellow, purple, red, gray, light blue. [5, 6].
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Products of millet processing in the World in-
clude a wide range of food and feed products, as well as
biofuel produced on the basis of food production waste
(husk). Groats, flakes, plucked grains, extruded food
products are produced from millet, millet flour is widely
used for the production of composite flour mixtures with
baking flour, bakery and confectionery products, etc. In
Japan, products made from millet grain are used for die-
tary and therapeutic nutrition in the treatment of cardio-
vascular diseases, high blood pressure, diabetes, and liver
disorders. Millet grain is also used in brewing to produce
malt. During the processing of millet, technical oil is
obtained, during advanced processing, starch, amelopec-
tin and dextrins are obtained, as well as many other bio-
logically active substances. The husk obtained after de-
hulling millet grain is used as biofuel [7,8,9].

Formulation of the problem

In the Register of plant varieties suitable for dis-
tribution on the territory of Ukraine (Register) [10]. 35
varieties of common millet (Panicum miliaceum L.),
which can be used as a food grain, are registered. The
most common millet variety in Ukraine is Myronivs'ke
51. It was entered into the Register in 1978. The follow-
ing varieties, Kyivs'ke 87 and Kyivs'ke 96, were regis-
tered in 1991 and 1999, respectively. Then, during the
first two decades of the 21st century, new varieties of
millet were registered almost every year. The largest
number of varieties was introduced in 2006 - varieties
Denviks'ke, Zolushka, Konstantynivs'ke, Lana, Tav-
riis 'ke. Over the past four years, 6 varieties of millet have
been registered: Dyvovyzhne (2020), Kazkove dzherelo
(2020), Kornberger Mittelfruhe (2020), Yardush (2021),
Kesha (2022), Peremozhne (2023). The data of the Reg-
ister indicate that the work on the selection of millet in
Ukraine has not stopped, and in our country there are
promising modern varieties of millet for expanding the
raw material base of grain factories. A brief description
of millet varieties included in the register is given in Ta-
ble 1.

According to the anatomical structure, the millet
grain, like all cereal crops, consists of seed coat, aleurone
layer, endosperm and embryo. At the same time, chemi-
cal substances are unevenly distributed over the anatomi-
cal parts of the grain, as in most cultures, hulls mainly
contain components that are difficult for the human body
to absorb, germ parts are partly protein and the main part
of fat, endosperm - protein and starch. Indirectly, de-
pending on varietal characteristics and growing condi-
tions, millet can contain 8-18% protein, 3-5% fat, 59-
69% carbohydrates, 2-3% sugars, 1-3% fiber and 2-3%
ash. The chemical composition of millet contains water-
soluble vitamins B3, Bz, Bs, Bs, B, PP, and millet is also
an important source of trace elements such as Cu, I, Br,
Ca, Fe, Zn [6, 14-17].

The important technological indicators of millet
grain, which determine the modes of the technological
process of processing, are hulls content, volume weight,
and the weight of 1000 grains. Compared to other tradi-
tional grain crops, millet is a small-seeded grain with a
mass index of 1000 grains of 5.2-9.5 g and volume
weight of 680-820 g/l. Hulls content of millet grain var-
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Table 1 — Technological characteristics of millet varieties entered in the Register [10-12]

Name Y_ear o_f Weigh? of Hulls, Mass fra_ction Kernel
registration 1000 grains, g % of protein % content, %
Myronivs'’ke 51 1978 7,5 18 12,5 78
Kyivs'ke 87 1991 7,7 17 13,5 79
Kyivs'ke 96 1999 7,7 17 12,5 79
Slobozhans ke 2001 8,0 17 11,9 81
Novokyivs ke 01 2004 7,4 13 13,6 83
Omriiane 2005 8,0 14 12,6 81
Poltavs ke zolotyste 2005 8,2 13 12,4 81
Denviks ke 2006 8,6 18 11,5 79
Zolushka 2006 8,2 16 14,3 80
Konstantynivs ke 2006 7,3 13 14,7 82
Lana 2006 8,5 16 14,8 79
Tavriis ke 2006 8,0 19 14,4 76
Vitrylo 2008 8,1 17 14,8 79
Olitan 2008 8,2 17 12,5 79
Kozats ke 2010 6,5 16 10,9 82
Askol do 2011 8,1 17 10,8 79
Poliano 2011 8,1 17 10,4 79
Bila al tanka 2012 8,9 13 11,2 81
Zapovitne 2014 8,0 17 13,0 77
Polto 2015 8,1 17 13,6 78
Skado 2015 7,9 18 12,9 78
Chabanivs ke 2015 7,7 18 13,1 77
Nezalezhne 2016 7,8 17 12,2 77
Sonechko slobids ke 2016 7,7 17 12,8 77
Bohatyrs'ke 2017 8,0 19 13,2 76
Veselka 2018 7,8 16 12,9 70
Al ternatyvne 2019 7,8 19 12,9 77
Zhyvynka 2019 7,1 18 14,0 78
Osoblyve 2019 7,6 20 13,3 76
Dyvovyzhne 2020 8,0 17 13,6 78
Kazkove dzherelo 2020 7,1 17 14,2 79
Kornberger Mittelfruhe 2020 7,3 15 13,9 81
Yardush 2021 7,2 17 14,5 79
Kesha 2022 9,2 19 14,3 78

ies between 15-22% depending on varietal characteristics
[18-20].

Materials and methods

The purpose of the work: substantiation of the
expediency and prospects of expanding the range of food
products obtained from millet processing.

Task:

- to analyze the volume of millet cultivation in
the World and in Ukraine, to determine current trends,
problems of cultivation and processing;

- to analyze the existing methods of millet
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processing and to justify promising processing methods
to expand the assortment of the obtained products.

Results of the study and their discussion

The most common food product that is ob-
tained in Ukraine during the processing of millet grain is
pearled millet groats. This product is regulated and is a
pearled millet kernel freed from hulls. But despite the
fact that millet processing technology into pearled millet
groats is regulated by the Rules for conducting and or-
ganizing the technological process at groats factories [21]
and is widely popular in comparison with other grain
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products in our country, this grain does not have it,
which to some extent holds back its introduction in the
domestic grain industry of new food products obtained
from it. At the same time, it is necessary to note the high
export potential of this culture and its processing prod-
ucts, especially to the countries of the European Union,
where the popularity of processed millet food products
has only been growing in recent years. It should be noted
that at the end of 2023, in the Cherkasy region, Ukraine
construction was completed and lines for processing mil-
let into groats were launched precisely for the purpose of
further export of finished products to EU countries [22].

In Ukraine, millet grain is governed by DSTU
5026:2008 "Millet. Technical conditions" [23]. Accord-
ing to the standard, millet is divided into three types by
color: type | - grain with white and cream color, type Il -
grain from golden yellow to dark and gray-yellow color,
type 111 - from light red to dark red and brown color. And
it divides the grain according to its purpose into four
classes: it is recommended to use grain 1 and 2 for the
production of groats and other food products, for the
production of malt - grain of the third class, for fodder
and technical needs - grain of the fourth class. It should
be noted that in accordance with the requirements of the
standard for the production of food products, grain of any
of the three types is allowed, but at the same time, such
indicators as grain size are limited (for grain of the 1st
class at least 90%, for the second - at least 80%), mass
fraction impurities: grain (no more than 5% for 1st class
grain, no more than 8% for second class grain), garbage
(no more than 2% for first class grain, no more than 3.5%
for second class grain), kernel content (grain 1st class not
less than 76%, for the second - not less than 74%). For
the production of starch and derivative substances, it is
recommended to use millet with an amylopectin content
of at least 95%.

For Ukraine, millet is a traditional groats crop,
the technological process of processing of which is regu-
lated by the Rules for conducting and organizing the
technological process at grain factories [21]. The tech-
nology involves the cleaning of grain from impurities,
dehulling, sorting of dehulling products, pearling of the
obtained kernel, sorting of pearling products and control.
Grain cleaning is carried out using three systems of
sieve-air separators, a stone separator and a plansifter.
Classical technology does not include the stage of water-
heat treatment of grain or pearled kernel, which is associ-
ated with the potential possibility of strengthening the
grain during the water-heat treatment process, which can
potentially be damaged and its subsequent entry into the
end groats and decrease its quality. Processing of cleaned
grain includes its successive dehulling on two or four
systems in fractions or in one flow. For dehulling, it is
recommended to use one or two-deck rolling hullers.
Sorting of dehulling products is carried out after each
dehulling system using air separators. Pearling of the
kernel is carried out on the same system with the use of
machines of the A1-ZShN type or special screw-press
grinding machines U1-BSHP. Pearling products are also
sorted on air separators.

The analysis of the classical technology shows
that its main drawback is the limited range and the rela-
tively insignificant values of the yields of the end product
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that can be obtained when using it - 65%, while the indi-
cator of the amount of hulls removed after dehulling is
15.5%, everything else is waste that is the result exces-
sive formation of particles of crushed kernel and flour in
the process of dehulling and pearling. One of the possible
solutions for increasing the quantitative indicators of
millet processing and increasing the yield values of fin-
ished products is the inclusion of water-heat treatment in
the stage of grain preparation before dehulling. Conduct-
ing water-heat treatment makes it possible to strengthen
the kernel and, accordingly, reduce by 5-7% the amount
of formation at the pearling stage of by-products and
waste. The lack of a water-heat treatment stage in the
traditional scheme is also due to the fact that at the time
of publication and approval of the Rules, there was no
technological equipment that would allow detecting and
removing potentially damaged grains from the technolog-
ical process effectively enough, especially considering
the characteristics of millet grain. In addition, millet is
the only crop in the range of which the Rules [21] rec-
ommend producing only one type of groats. Taking into
account the sufficiently balanced chemical composition
of millet, there is a need to expand the range of products
from this grain and justify their production modes, as
well as to modernize and revise the existing technologi-
cal process for the production of classic millet groats in
the direction of using modern technological equipment,
which will allow to increase the controllability of various
stages of the technological process at simultaneous re-
duction of energy costs for production. Today, instant
groats or groats that do not require cooking, flaked prod-
ucts and cereal breakfasts, muesli, cereal bars, multi-
grain cereals, granola, etc. are widely popular in the
World and also in Ukraine. The basis of the production
of the entire modern range of products must be the stage
of water-heat treatment, either before the main dehulling
and pearling operations, or for ready-made groats before
packaging or further processing into flaked groats. This
is confirmed by modern research conducted in various
countries of the world [24-26].

There is a known method of dehulling and pre-
paring millet (Finger Millet (Eleusine coracana) for de-
hulling, which involves cleaning, soaking, steaming, dry-
ing, dehulling, sorting of dehulling products, which en-
sures the production of dehuled kernels, particles of
crushed kernels, hulls and flour. Millet soaking is carried
out in water with a temperature from 20 to 70 °C for 2 to
16 hours. Steaming of grains prepared in this way is car-
ried out at atmospheric or excess pressure up to 0.5 MPa
(5 kg/cm?) for 2 to 20 minutes. After steaming, the grain
is dried to a humidity of 8 -16% and sent to dehulling.
Carrying out the water-heat treatment proposed in this
method in the form of soaking-steaming-drying before
dehulling contributes to an almost 1.5-fold increase in the
number of whole kernels at the dehulling stage, which is
the result of a reduction in the proportion of the for-
mation of crushed kernels and flour at the stage dehulling
[27].

Another important factor for the modernization
of the existing technology of processing millet into cere-
als and cereal products is the introduction of a technolog-
ical operation for the analysis of grain by color using
optical separators. This will make it possible to effective-
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Typical air
requirements

Max power
consumption

Machine  pepth-doors Depth- doors

width open shut Height Height
TXTX
T 1062 2347 Bt 1908 10 1820 668 3,6 65
J 1800 2347 6€ 1908 10 1820 13 7.2 285 2,95
Ja 1800 2347 1665 1908 to 1920 058 2 3.1 2,90
J4 2400 2347 665 1908 1o 1920 335 39.4 395 3,90

Fig. 1. Buhler Sortex J Spectravision

ly distinguish the grains of other types of millet by color
and increase the efficiency of the technological process
of processing and the quality of finished products. The
Buhler company offers a solution for the production of
two products from millet - pearled groats and flour, dur-
ing the production of which, in addition to the standard
stages of cleaning, dehulling, sorting, pearling, it is pro-
posed to use optical separators both at the stage of clean-
ing the grain and at the final stage of the production of
groats, to control the finished products. It is proposed to
introduce modern optical separators of the latest genera-
tion Sortex J Spectravision (Fig. 1), which, with the help
of specially developed software and artificial intelli-
gence, most efficiently implement the analysis of grain
and its processing products by color [28].

Conclusions
Millet grain is one of the most promising
crops. Due to its balanced chemical composition, millet,

from which only one type of groats is produced in
Ukraine, can be used to expand the existing assortment of
groats products in Ukraine with proper justification of
the assortment and processing modes. The analysis of
modern solutions for the implementation of water-heat
treatment and optical separators in the grain preparation
process shows the high feasibility of studying these stag-
es and their influence when using millet grain grown in
Ukraine, which in turn will allow to reduce the amount of
by-products and waste at the stages of dehulling and
pearling and improve the quality of the end products.
Taking into account the increase in demand in EU coun-
tries for healthy food products, including millet, it is nec-
essary to use the potential of this crop for export and in-
crease the amount of cultivation and processing of millet
into more modern products - instant cereals, cereal break-
fasts, cereal bars, etc. in Ukraine that in in turn, the de-
velopment and justification of the production of these
products is needed.
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3EPHO ITPOCA: IEPCIIEKTUBA BUKOPUCTAHHSI 1
POSIIUPEHHA ACOPTUMEHTY ITPOAYKIIII

AHoTanis

IlepcnekTUBHOIO KyJNBTYPOIO AJISI PO3LIMPEHHS AIF0YOTO acOPTHMEHTY MPOAYKTIB KPYI SHOTO BHPOOHHITBA € 3€PHO
mpoca. [Ipoxykramu mepepoOKu mpoca y CBITi € MIUPOKUHA CIIEKTP XapyOBUX 1 KOPMOBHX HPOIYKTIB, a TAKOXK OiomajmBa sike BUPOO-
JISTIOTh Ha OCHOBI BiIXOZiB BUPOOHMIITBA XapYOBUX MPOAYKTIB (JIy3rd). 3 mpoca BUPOOISIFOTE KPYIIH, IDIACTIBII,3ipBaHi 3epHa, EKCT-
PYAOBaHi Xap4yoBi MPOIYKTH, OOPOLIHO 3 MPOCA ITHPOKO BUKOPHUCTOBYIOTh Il BUPOOHHUIITBA OOPOIIHIHMX KOMIO3UIIHHUX CyMinIeit
3 xJiboneKapcbKuM OOPOIITHOM, XJ1i000yI04HI i KOHAUTEPCHKI BUPOOU TOIIO. B peectp cOpTiB pOCINH MPUAATHUX AJIS MOLIMPEHHS
Ha TepuTopil YKpaiHu 3apeecTpoBaHo 35 COpTiB mpoca MociBHOTO 3Bu4aiiHoro Panicum miliaceum L. sike MOkKHA BUKOPHCTOBYBATH
K Kpyn’siHe 3epHo. HalinommpeHnimumM B YkpaiHi coptom npoca € Muponiscbke 51 #ioro BHecnu B Peectp y 1978 poui. Onocepen-
KOBAHO IIPOCO B 3aJIEKHOCTI BiJl COPTOBHX OCOOIMBOCTEH Ta yMOB BUPOIIyBaHHS Moxke MicTutu 8-18 % 6inxa, 3-5 % xwupy, 59-69 %
BYTJIEBOJIB, 2-3 % IyKpUCTHX pedoBHH, 1-3 % KIiTKOBUHHU Ta 2-3 % 30mu. Y XIMIYHOMY CKIIaJi Ipoca MpUCYTHI BOZOPO3UNHHI Bi-
taminu B1, Bz, Bs, Bs, Bo, PP a Takox mpoco € BaJIMBHM KepenoM MikpoeneMmeHTiB Takux sk Cu, I, Br, Ca, Fe, Zn. Omaum i3
MOJKJIMBHUX PillleHb 1O MiABAIMIEHHIO KUTbKICHIX MOKAa3HUKIB MEePepOOKH Tpoca i 30UTbIIeHHIO 3HAYeHb BHXOY FOTOBOI MPOIYKIIii €
BKJIIOYEHHS 10 eTaly MiATOTOBKH 3€pHa Iepej JIYLIEHHSIM BOJHOTEIUIOBOi 00poOkH 3epHa. [IpoBeneHHsT BOIHOTEIUIOBOI 00poOKH
JI03BOJISIE TIPOBECTH 3MILIHEHHS SIpa 1 BiIIOBITHO 3MEHIINTH Ha 5-7 % KINBKICTh YTBOPEHHS HA €TaIll JyIIeHHs MOOIYHNX POAYKTIB
i Bixo/iB. BifcyTHICTh eTamy BOJHOTEIUIOBOI OOPOOKH y TPaAMIliiHIN CXeMi MOB’sI3aHO TAKOX 3 THM IO HA MOMEHT MyOJikaiii i
3aTBeppKeHHs [IpaBuil He iCHYBaJIO TEXHOJOTIYHOTO 00 HAHHS SKE J03BOJIMIO O BUSIBUTH i BHJIYYUTH HOTEHILINHHO 3iIICOBaHi 3ep-
Ha i3 TEXHOJIOTIYHOTO MPOIIECY NOCTATHRO e()EKTHBHO OCOOIMBO BPaXOBYIOUH XapaKTEPHCTHKH 3epHa mpoca. OKpiM IOTO MPOCo €
€IIMHOIO KyJbTYPOIO B aCOPTUMEHTI Koi y IIpaBHiIaX peKOMEHI0BaHO BUPOOIISATH TINBKK OAMH BUJ KPYIH. BpaXxoByroun T0CTaTHHO
30aaHCOBAaHUIT XIMIUYHHIA CKJIaJ MMPOca BUHHUKAE MOTpeda y PO3MIMPEHHI aCOPTUMEHTY MPOAYKTIB 3 IBOTO 3€pHA 1 OOTPYHTYBaHHS
peXuMIB TX BUpOOHHUIITBA, a TAKOXK MOJICPHI3aLlil 1 MEeperisiLy iCHYI040oro TEXHOJIOTIYHOTO TIPOLIECY 3 BUPOOHUIITBA KIIACHYHOT KPYTIH
3 IpOCa Y HANPSMKY 3aCTOCYBAaHHS Cy4aCHOTO TEXHOJIOTIYHOTO OOJNaJHaHHS LIO JO03BOJHUTH 30UIBIINTH KOHTPOJIBbOBAHICTh Pi3HHX
€TamiB TEXHOJIOTIYHOTO MPOILECY MPH OJHOYACHOMY 3MEHILIECHHI CHepreTHYHHX BUTpaT Ha BUPOOHMITBO. Ha chorosHi mMIHpPOKOIO
HOMyJISIPHICTIO B YKpaiHi Ta CBiTi KOPHCTYIOTHCS KPYIH IIBHKOTO MPUTOTYBaHHs a0 KPYIH sIKi He MOTpeOyI0Th BapiHHS, ILUTIOIICHI
HPOAYKTH i BUPOOJICH] Ha iX OCHOBI 3epHOBI CHiJTaHKH, MIOCII, 36pHOBI 0ATOHYMKH, MyJIbTU3EPHOBI IIACTIBLl, TPaHOJIa TOLIO.

KuiouoBi cjioBa: nmpoco, kpyna, XiMiuHHi CKJIa] 3epHa, KPYN’siHe BUPOGHHUIITBO, COPT, PO3LUIMPEHHS ACOPTHMEHTY,
nponapioBaHHs, poTocenapaTopu.
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