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Modern conditions of fierce competition in the food market determine the reorientation of
agricultural production to meet the needs not only of the population of Ukraine, but also to take
into account world market demand. As a result, the task of including new, more universal models
in the range of field crops becomes urgent. Among such non-traditional crops, amaranth should be
especially noted. Amaranth is a high-protein plant that is willingly eaten by all species of animals.
In terms of protein and other valuable substances, amaranth is not inferior to traditional, the
most common crops. In addition to the content of protein balanced in its amino acid composition,
amaranth grain is characterized by the presence in the oil of a substance such as squalene, which
is a source of oxygen, facilities its movement in the body, and has a high ability to penetrate
cells through the skin. The latter makes its application valuable in treating burns, as well as in
dermatological practice, dentistry, cosmetology. This leads to an extremely wide range of uses of
amaranth in the processing industry. Growing and using amaranth in various directions today is
a promising type of production activity. The crop is characterized by high adaptive potential and
yield of both green mass and grain. The basis for the formation of high seed yield of amaranth
is the creation of optimal conditions for plant growth and development. Among the agricultural
practices that are able to regulate these conditions, it is important to choose the optimal sowing
time and depth of seed wrapping and determine the optimal feeding area and its configuration.
In addition, these measures affect the quality of raw materials. The paper presents the review of
cultivation technology elements and the technology of primary processing of freshly harvested
amaranth grain, which allows us to maintain its quality indicators at the appropriate level until
the next target processing.

Key words: amaranth, amaranth grain, agrotechnology of cultivation, agricultural practices,
technology of primary processing.

Banenumiox H.O., Opkesuu E.O., Kocym I.M. Enemenmu mexnonozii eupouiyéanns
amapaunmy i nicaazoupanvHoi 06pooOKu 3epua amapanmy

Cyuacni ymogu dcopcmxoi KOHKYPeHYii Ha PUHKY Xap4oeux npooyKmie 3yMoenioioms nepe-
opieHmayilo azpapHo2o GUpoOHUYMEA HA 3a0080NeHHs Nompeb He MiNbKU HacelenHs YKkpainu,
ane i 6paAxXy8anHs C8IM0OB020 PUHKOB020 nonumy. Yepes ye axmyanbHum cmae 3a80aHHs 66eCmi
6 acopmuMeHm NonbOBUX KYIbmyp HOGI, Oinbut yHieepcanwvhi 3pasku. Ceped maxux nempaou-
YItIHUX KYI6MYP 0coOnu60 mpeda i03Hayumu aMapaum — 6UCOKOOLIKOBY POCIUHY, AKY 0Xoye
noioarome yci uou meapun. 3a emicmom npomeiny ma iHWUX YIHHUX PEUOSUH amMapanm He
ROCTYNAEMbCst Mpaouyitinum Haunowupeniwum Kyaomypam. OKpim ymicny 30a1aHco8ano2o
3a C60IM AMIHOKUCTIOMHUM CKAAOOM OILIKA, 3€pHO AMApAaHmy XapaKxmepu3yemuvcs HASAGHICMIO
6 onii maxoi peuoBuHU, K CKBANLEH, AKUL € ONHCePeroM 3A0e3NEUEHHs OPLAHI3MY KUCHEM, CRPUSIE
1020 NepeMilyerHIo 6 OP2anisMi, a MAKOIC MAE UCOKY CPOMOICHICHL NPOHUKAMU Y KAIMUHU
Op2aHizmy uepes WKIpy, wo 3abesneuye BUCOKY eheKmuHICMb 11020 3aCMOCY6AHHA Y pasi oni-
Ki6, y 0epMamono2iuniii npakmuyi, cmomamonoaii, kocmemonozii. Lje symosnioe naossuuaiino
WUPOKULL CNEKMP BUKOPUCAHHA amapaumy y nepepooHitl canysi. Bupowysanua i euxopu-
CMAHHA AMAPAHMY Y DI3HUX HANPAMKAX HUHI € NePCNeKMUEHUM 8UOOM 8UPOOHUYOL idIbHOCTI.
Kynemypa xapaxmepuzyemuvcsa aucokum aoanmueHum nomeHyiaiom i epodicatinicmio K 3eie-
Hoi macu, max i 3epna. OCHOB0I0 OpMYSaHHsL GUCOKOI HACIHHEBOT 6POACALHOCHIT aMaApanmy
€ CMBOPEHHs. ONMUMATLHUX YMO8 0151 pocmty | po3sumky pocaun. Ceped azpo3axodie, chpomoic-
HUX pe2ynoeamu yi YMOBU, 8ANXCIUGE SHAYEHHS MAE 8UOID ONMUMANLHOZ0 CIMPOKY Ciebu i 2u-
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OUHU 3a20PMAHHA HACIHHA, BUSHAYEHHSI ONMUMALbHOT NI0WI dHcueieHHss ma it kongicypayii. [lo
Mo20o i Yi 3aX00U BNAUBATOMb HA NOKAZHUKU AKOCMI CUpogutu. ¥ pobomi npedcmasieno 02isio
elleMeHmi8 azpOHOMIYHOT MEXHON02TT BUPOUYBAHHS | MEXHON02I] NePBUHHOT 0OPOOKU C8IdNCO20
310paAH020 3epHa amapanmy, wjo 00360s€ 36epecmu 1020 AKICHI NOKAZHUKY HA HALEHCHOMY DI6HI
00 HACMYNHOI YinboBoi nepepodbKu.

Knrouogi cnoea: avapanm, 3epHo amapanmy, a2poHomMivHA MEeXHON02is GUPOWYBAHHS, A2pO-
3ax00U, MeXHON02Isk NEPEUHHOI 0OPOOKU.

Formulation of the problem. Recently, there has been a significant acceleration in
the pace of life, as a result of which a person is not always able to monitor their diet.
This in turn affects her health and therefore her quality of life. Today, producers are try-
ing to provide people requiring special needs with food of a new range within functional
products. This encourages producers to find and attract a variety of plant materials that
can provide a balanced diet. For some time, the attention of both growers and research-
ers has been paid to such a plant as amaranth. For Ukraine, amaranth is a non-traditional
crop, which is grown in highly limited quantities. But due to its unique properties, this
crop is able to take its place along with other oilseeds.

Analysis of recent research and publications. The ancient amaranth crop along
with corn and quinoa has been the main grain crop for Native Americans for about
6,000 years. It was of great economic importance to the Inca and Aztec civilizations.
This is evidenced by the fact that in the XV century the last Aztec emperor received a
tax in amaranth grain. Amaranth grain was so highly valued that it was considered the
equivalent of gold. Although amaranth has been known since ancient times, for a long
time this culture has not been given importance. Amaranth was mentioned in the early
twentieth century, when scientists became concerned about population growth on the
planet and began looking for a plant that could balance the range of foods for mankind,
as published by Khokhlachov V.V. [1].

The founder of the study of amaranth was a world-famous scientist Vavilov N.I.
[2]. He summarized the experience gained by mankind on the introduction of plants,
i.e. movement and cultivation of plant flora in different climatic zones and continents,
developed the theoretical basis of selection and created the world's first bank of germo-
plasm (seed samples). At the same time from his scientific works one plant can clearly
stands out among the non-traditional in the production — that is an amaranth. He man-
aged to get encouraging results, but with the death of Vavilov N.I., the study of amaranth
was largely abandoned.

During 1931 — 1941 Shlykov G.N. [3] studied about 260 samples of 35 species of
amaranth in order to find new cereals among them, fodder and silage species. Based on
research, it was found that such species of amaranth as A. saudatus and A. ranisulatus
have a high level of yield of green mass and grain and can be included in the cultural
flora of the USSR. But in the late 1940s, during the Lysenkiv region, research in this
direction was stopped, and amaranth was declared an alien plant with which the agents
of imperialism wanted to destroy the collective farm fields. Thus, for the second time in
the centuries-old history of amaranth, the death penalty was passed.

The situation changed only in the 70s, but time was lost. Today, dozens of institutes
around the world are working to study this culture. Every year amaranth is cultivated in
more and more areas of all continents.

It is known that the genus Amaranthus L. — amaranth has about 75 species that
grow in warm and temperate zones of the globe. Due to the peculiarities of its chemical
composition, this culture has a wide range of uses: medicine and pharmacology, food
industry, feed production [2-6].
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The species composition of amaranth in Ukraine is constantly expanding, which
is due to the accidental ingestion of seeds of different species due to the expansion of
trade and economic ties between different countries. This is especially evident in ports
of world importance.

Amaranth belongs to a group of plants with high-intensity C4-type photosynthesis
and is characterized by high ecological plasticity, biological productivity, adaptability
and low transpiration coefficient. Amaranth uses 2-3 times less water to form a unit of
organic matter compared to other crops.

Amaranth is a high-protein plant that is willingly eaten by all species of animals.
In terms of protein and other valuable substances, amaranth is not inferior to tradi-
tional, the most common crops. Thus, the protein of amaranth green mass contains
3-3.5 times more than in wheat, and the seeds contain an average of 11.7 g of lysine
per 100 g of protein, which is 6 times more than in wheat and 2 times — than in soy
flour. In terms of quality, on a 100-point scale, amaranth grain protein corresponds to
75 points, while wheat protein is 57 points, soy protein is 68 points, and cow's milk
protein is 72 points.

The green mass of amaranth contains an average of 2.5-4.5% protein, 0.5-1.0 fat,
2.5-4.6 ash, more than 12% nitrogen-free extractives (BER). 100 kg of green mass con-
tains 16.3—19.7 feed units, 137-192 g of digestible protein per feed unit, compared to
105 according to the zooengineering norm [1-5].

Amaranth is used to feed animals in the form of green mass, grain, haylage, cutting,
feed pellets, briquettes, grass flour. The mass with other crops (cereals) is well ensiled.

In addition to all above, the characteristics of amaranth grain include the presence
of a substance such a squalene in amaranth oil. According to the results of medical
research, squalene acts as a regulator of lipid metabolism in the human body, it has great
antioxidant properties.

All this suggests the extraordinary attractiveness of growing amaranth for growers.

The technological process of post-harvest processing of grain involves the following
operations: cleaning, drying (active ventilation), temporary storage of grain [7-9].

The organization and conduct of the process of post-harvest processing of grain
is based on in-depth study and analysis of such properties of grain mass and its com-
ponents as physical and technological (moisture content, flowability, natural (volume)
mass, weight of 1000 grains), hygroscopic (equilibrium humidity), aerodynamic (aero-
dynamic drag of the grain layer, soaring speed, windage coefficient), thermophysical
(thermal conductivity, thermal diffusivity, heat and moisture transfer), biochemical and
microbiological [7, &, 10].

When cleaning grain from impurities, differences in the following physical and
mechanical properties of grain and impurities are used: geometric dimensions (length,
width and thickness) of impurities and the main crop; density; aerodynamic properties
(speed of soaring) of grain and impurities; shape (round, oblong) and surface condition
(smooth, rough) of grains and impurities; magnetic properties of metal-magnetic impu-
rities; color, as published by Voblikov Ye.B. [7].

The sequence and number of operations for removal impurities from grain depends
not only on the condition of the raw material, namely its clogging and moisture, but also
its immediate purpose [7; 10].

Natural and climatic conditions of Ukraine and physiological features of this culture
determine a fairly high (20... 25%) humidity of amaranth grain during harvest. For
reliable storage, amaranth grain must be dried to the conditional humidity as soon as
possible.
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In the technology of post-harvest processing of grain, the drying process is the most
energy-intensive [8; 10].

Of all currently available methods of grain drying (thermal, special and mechanical),
the most common is the thermal method using convective drying [8; 9].

The peculiarities of drying small grain crops, in particular amaranth, are that they
have a high bulk density, which depends little on the method of laying (gravitational or
inertial), and is due to their botanical properties, expressed in shape, linear size and size.
The consequence of this is a small amount of intergranular spaces in the grain layer of
small-seeded (amaranth), and the corresponding high value of the aerodynamic drag
of such a layer. This indicator leads to a low speed of the drying agent and its uneven
distribution in a dense stationary or gravitational state of the grain during drying, which
in turn leads to low heat and mass transfer coefficients, as well as uneven heating of the
grain mass. These features complicate the selection of operating modes of the respective
drying units.

Formulating the goals. Although, the technology of growing amaranth for grain has
been developed and recommended for production within previous years, we can see that
it requires significant improvement and additional further study along with the reconsid-
eration of basic provisions in current conditions. There can be no universal technology
for crop cultivation and which is also applicable to amaranth. Farmers need to adapt a
variety of technologies already known for its cultivation to specific growing conditions,
which are determined by a set of indicators. In modern conditions, this factor acquires
special significance for dramatic climate change towards an increase of air temperature,
reducing moisture provision and the novelties in agricultural production. This is becom-
ing certainly relevant for the zone of risky agriculture in the southern region of Ukraine.
We have to reconsider some approaches to establishing optimal standards concerning
weight norms of amaranth sowing, formation of sowing density due to change of row
spacing, distance between plants in a row for the newest high-yielding varieties of ama-
ranth. Climate change also imposes certain requirements on the care system for ama-
ranth crops. With the deterioration and increasing aggressiveness of the phytosanitary
condition of amaranth crops the technology of its cultivation and measures to protect
crops from pests acquires significant relevance throughout the terms of vegetation and
before its harvesting.

The harvested amaranth grain, like any other crop, must be preserved with minimal
losses in its quality. During the harvest period, amaranth may have high grain moisture,
which in the absence of appropriate measures can lead to crop loss. To prevent this, a set
of post-harvest grain processing operations has been designed, which involves cleaning,
drying and storage.

Presentation of the main research material. One of the main indicators of the
process of growing crops is their yield, the value of which largely depends on many
environmental factors that develop during the growing season.

Agrotechniques are the parameters of field ecological system management. Only
with a high severity of the reaction of the agrocenosis to the control parameters we can
achieve high efficiency of the control system, i.e. technology.

Based on this, the maximum reactivity of the genetic system of plants to the west
should be considered as the susceptibility of the system to control its production pro-
cess. The density of the agrocenosis significantly affects the realization of the produc-
tion potential of the agrocenosis, its structural organization.

This means that agronomic measures should be aimed at maximizing the needs of
the plant and adaptation to the environment to identify the maximum opportunities of
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the species (variety) along with the interaction of plants with each other, with the envi-
ronment, efficient use of solar energy by crops and region of plant alimentation. The
maximum balance of these factors can increase seed yield and quality.

There are different points of view on how to sow amaranth. So Behatsky Yu.S. and
others (1995) believed that the optimal method is sowing with a row spacing of 45 cm,
which provides the highest level of seed productivity compared to the continuous
method. Shevchenko E.N. (1997) considers that the width of a row spacing of 45 cm
at a density of standing of plants of 0,5 million pieces / hectare is optimum both at
cultivation of amaranth on green plant mass, and on grain. In terms of irrigation in the
Central Forest-Steppe, according to Shelest V.K. et al (1995), the largest collection of
green mass of amaranth paniculata is provided at a seeding rate of 1 kg / ha of similar
seeds and a row spacing of 45 cm. Goptsiy T.1. [12] found that when growing amaranth
paniculata on the green mass can be considered the best row spacing of 15 cm and plant
density of 1330 thousand / ha and 670 thousand / ha.

In studies conducted by Dudka M.I. [13] showed that the highest grain yield of ama-
ranth hairy (1.77 t / ha) was obtained by a wide-row (45 cm) method of sowing with a
seeding rate of 1.0 kg / ha. In this case, the author noted that the use of complete mineral
fertilizer (N o, P, 0, K;,) provides an increase in grain yield by 0.39-0.42 t/ ha.

Thus, sowing amaranth with a row spacing of 45 cm allows to obtain the best results
of grain yield [13; 14].

The limited reviews of known studies undertaken on certain issues of amaranth cul-
tivation technology appeared hereabove in the article, does not provide the complete
insight of how efficient are the existing recommendations for its cultivation in various
soil types and climatic conditions.

Successful cultivation of amaranth and obtaining the greatest economic efficiency in
the face of severe challenges of nature over the past five years has become only possible
with introducing the basic adaptation of existing technologies for cultivating this crop,
both grain and green fodder based on specific environmental factors and technical and
economic farmers’ facilities.

The quality of the products which get when growing field crops plays no less import-
ant role than the level of yield.

Commercial qualities of amaranth seeds are determined by the biological charac-
teristics of the variety, soil and climatic conditions, as well as agricultural cultivation
measures. One of the main indicators that determines the quality of amaranth seeds is
the content of crude fat or oil. Amaranth oil is unique in its properties, because, along
with other important components for humans, it contains about 8% squalene, which is a
powerful immunostimulant.

Another value of amaranth seeds is vegetable protein, which leaves far behind clo-
ver, buckwheat and soy, and among animal proteins — even cow's milk.

After harvesting in terms for reliable storage of amaranth grain mass before further
processing, it must meet the following requirements: grain moisture not more than 9%,
clogging — not more than 2%. Therefore, to prevent losses, it is necessary to timely
clean and dry the grain, as high humidity and clogging will promote the development
of microflora, increase the intensity of grain respiration, and can lead to such a negative
phenomenon as self-heating of grain mass and, consequently, its loss.

As amaranth cultivation has not yet become mass-produced, and small farms are not
always able to deliver small batches to industrial grain mills and elevators in time, it is
advisable to build a mini-elevator for post-harvest processing and storage of amaranth
grain, which can be used and for other small-seeded crops.
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The following technological operations are planned to be carried out at the mini-el-
evator: acceptance from motor transport, supply of grain for cleaning, supply of raw or
wet grain for drying, storage and release for motor transport.

Schematic diagram of a mini-elevator for post-harvest processing and storage of
amaranth grain is shown in fig.1.

T

Fig. 1. Schematic diagram of a mini-elevator for post-harvest processing
and storage of amaranth

Inlet, cleaning, drying and storage: the grain from the truck 1 enters the receiving
hopper 2, from which the conveyor 3 and the noria 4. Next, the product is pre-cleaned
on the separator 5 and fed to the conveyor 6, which in turn feeds the grain to the
noria 7. Next, through the check valves 15, the dry grain is fed to the silos 16, and
the wet enters the drying hopper 8, from which the conveyor 9 and the specialized
batch 10, which feeds the product into the dryer 11. Then the already dried grain is
removed from the dryer noria 12 and fed into the post-drying hopper, and then to the
conveyor 14 and the noria 2.

Outlet: the product from the silos 16, enters the silage conveyors 17, respectively,
which supply grain to the noria 2. From the noria through the check valves 15 the prod-
uct enters the release storage hopper 18, and from it to the car body 1.

Smirnov S. proposed a line for preparing grain for grinding: the grain from the hop-
per goes to a vibrating separator, which separates large, light and small impurities. After
separation of impurities other than grain in width (for amaranth), processing is per-
formed on a pneumatic aspirator to remove aero-separating impurities. Then it follows
by carrying out intensive cleaning of the grain surface and removal of lumps of earth,
shells, damaged grains on a grain-cleaning machine with simultaneous passage through
a pneumatic aspirator to separate the shells. After cleaning, the grain is moistened on a
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humidifying machine and moistened for 6 hours, then weighed and sent to the shredded
system 1 [15].

Installation and use of such a line is advisable directly at processing plants, and
for small farms it will be more appropriate to build a mini-elevator as shown in Fig. 1
scheme, as the scheme allows one to prepare amaranth grain not only for processing into
flour, but also for other purposes, as well as for temporary storage. The organization and
maintenance of the technological process of post-harvest processing of amaranth grain
done according to the above scheme will ensure the preservation of quality indicators of
amaranth grain until further processing.

Conclusions and suggestions. Reconsideration of the following conceptual
approach to the development of new and improvement of already existing technologies
of amaranth cultivation will enable the creation of preconditions for achieving stable,
bioclimatic potential, energy and economically justified yields of amaranth under con-
ditions of expanded restoration of soil fertility and environmental safety as well as cul-
tivated products.

To ensure reliable storage of amaranth grain without loss of quality, it is necessary
to ensure timely post-harvest processing of grain. The organization of post-harvest pro-
cessing according to the basic scheme, which provides for cleaning, drying, temporary
storage and release of grain, is able to maintain the quality of amaranth grain at the
appropriate level.
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