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FEATURES OF CORN CONSUMPTION IN THE FOOD
PRODUCTION INDUSTRY

Anomauis

This paper presents the features of corn as raw material for groat industry. Corn is used in many segments of the food and
processing industry. corn is processed for traditional food products — groats, flakes, flour, extruded foods, and other corn by-
products are widely used for the production of dry breakfast cereals, snacks, cereal bars. In terms of using of the advanced pro-
cessing technologies, the industry produces starch, gluten, and germs. Corn germ is used to produce the high-value vegetable oil, as
well as starch — for both food and non-food purposes. More than half (65%) of corn is used for feed purposes, 25% —technical pur-
poses, and nearly 20% — for various types of food production. corn is processed for traditional food products — groats, flakes, flour,
extruded foods, and other corn by-products are widely used for the production of dry breakfast cereals, snacks, cereal bars. For the
colour, corn is divided into white and yellow types. According to the literature data analysis, yellow corn is more used in China,
Argentina, Brazil, while white corn — in some countries of Asia, Latin America, and the Balkan countries. Depending on its
morphological features, the corn kernelis divided into various groups, species and subspecies.

In Ukraine corn kernel is classified into 8 types, with separately defined limitations on the content of the major crop in the
batch, grains of other type, etc. Corn of I-VIII types with the quality indicators specified in the standard, for the production of food
products. Flint and dent corn types are the most applied grain varieties in the industry, they are widely used in the production seg-
ment of food and feed products. Sweet corn is widely used as a vegetable crop in the food canning, food concentrates, starch and
brewing industries due to its flavor properties. Popped corn is not only the most convenient raw material for the production of pop-
corn, but it also can be used as the raw material for the production of corn curls and dry breakfast cereals By analyzing the weight
fraction of fat in kernels of different corn varieties we can note that the lowest number of fat is typical for popped corn (4.0%) and
the largest — for sweet corn (9.1%); dent and flint corn have the same total fat number (4.5-4.9%). Test weight of corn types — popped
corn ranges within 712-826 g/l, dent corn - 875-893 g/l, and flint corn - 768-786 g/I. The weight of 1000 kernels of corn depending
on the varieties changes within 150-600 g.

Keywords: groat industry, corn, chemical composition, technological properties, processing.
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The grain industry is the leading
one in the general agricultural
production of Ukraine. For several
recent years, the industry significantly
strengthened its positions. At the same
time, the upward trends in the
production of grain crops led to some
reorientation of the grain market for
export trading of grains as raw
materials. For more efficient using of
grain resources, it makes sense to
develop the domestic processing
capacities, and the further exports of
value-added grain by-products. In
addition, modern technologies allow
using the complex methods of grain
crops processing to receive the wide
range of finished products with the
specified qualitative features.

Corn is one of the key crops in the grain segment
of the Ukrainian crop production industry, which
demonstrated the growth in production of 4.8 times for
the recent decade.

In terms of the morphological structure and
chemical composition of the kernel, for all seasons corn
had a wide range of various applications. To date, the
grain is mainly used as feed and industrial crop, to the
smaller degree — food consumption, due to the presence
of the well-developed raw material base in the form of
modern selection varieties of buckwheat, rice, wheat,
barley, oats, which to date form the major food potential
of cereal crops.

Despite the low level of food consumption, on the
global market corn is used in many segments of the food
and processing industry. In South America, corn is used
to produce tortillas, pancakes, couscous, porridges, etc.
At the same time, in Africa and Asia corn is processed
for groats, porridges, flour, and used in the production of
various types of bread, fermented foods, snacks,
alcoholic beverages, popcorn, non-alcoholic products,
etc. [1]

At the same time, corn is processed for traditional
food products — groats, flakes, flour, extruded foods,
and other corn by-products are widely used for the
production of dry breakfast cereals, snacks, cereal bars.
In terms of wusing of the advanced processing
technologies, the industry produces starch, gluten, and
germs. Corn germ is used to produce the high-value
vegetable oil, as well as starch — for both food and non-
food purposes. Also, corn is widely used for the
production of alcohol. [2-3].

The wide range of corn application in various
industries is the result of the growth of the share of its
cultivation. According to the FAO (Food and Agriculture
Organization of the United Nations) [4], in recent years
the volumes of corn production in the world varied at the
level of 870-1027 mintonnes, while the share of planted
areas remained almost unchanged and totaled 170-180
mln ha. Using of the prospective selection varieties of
corn and the modern agricultural technologies provides
the reporting increase in grain production.

The literature data analysis showed that in the
world, corn takes the first position in production
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planted areas compared with the reporting grain. [5] The
major planted areas are located in North America, but in
recent years the share of corn areas started growing in
South America, Europe, Asia and Africa. The USA,
China, Canada, Brazil, Mexico, India and France are the
global leaders in the production of corn, while Ukraine is
one of the leaders of corn exports.

While analyzing the global consumption of corn
provided by UkrAgroConsult [6], one may note that
more than half (65%) of corn is used for feed purposes,
25% —technical purposes, and nearly 20% — for various
types of food production.

For example, taking into account the share of corn
consumption in the USA, it should be noted that the
country uses only 1.5% of the general harvested volumes
of the grain for foods production, as well as the feed
purposes cover 42.5% of the grain volumes, the
production of bioethanol — 31.2%, the production of
fructose syrup — 3.5%, and the production of starch,
sweeteners, alcoholic beverages, etc. — 6.2%.[7]

In Ukraine, the production volumes of corn take
the first position, and exceed the figures of wheat. At the
same time, corn takes the third position in planted areas
after wheat and barley. In Ukraine, the Steppe and the
southern part of the Forest-steppe are the main regions of
corn cultivation. For several recent years, the production
volumes of corn in Ukraine demonstrated the most
intensive growth rates compared with all other grain
Ccrops.

Corn groats in its pure form have rather low
demand, and the structure of groats production is mainly
represented by groats for the further production of more
popular snack foods — flakes and curls. As for the
production volumes in Ukraine, corn groats take the
second position after buckwheat groats, which makes it
possible to stress the large-scale consumer interest in the
corn by-products in the country.

The advanced processing of corn at Ukrainian
enterprises of the industry is rather limited, while starch
is the major final product of such processing operations.
The analysis of using of the similar technologies in
developed countries, and the demand for corn by-
products received after the advanced processing
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operations, demonstrated the need to increase the share
of such processing enterprises in the country, as well as
increase the export potential of such products in the
country.

As for the colour, corn is divided into white and
yellow types. According to the literature data analysis,
yellow corn is more used in China, Argentina, Brazil,
while white corn — in some countries of Asia, Latin
America, and the Balkan countries. [7] Also, there are
found corn grain varieties with orange, red, dark-cherry,
black and purple colour, but their share is much less in
comparison with white and yellow corn.

Depending on its morphological features, the corn
kernelis divided into wvarious groups, species and
subspecies. To date, scientists already specified such
subspecies of corn: flint corn (Zea mays indurata Start.);
dent corn (Zea mays indentata Start.); flint-dent corn
(Zea mays semidentata Sturt.); flour corn (Zea mays
amylacea Sturt.); popped corn (Zea mays everta Sturt.);
sweet corn (Zea mays saccharata Sturt.); waxy corn (Zea
mays ceratinaKulesch.); starch-sweet corn (Zea mays
amyleo-saccharata Sturt.); and pod corn (Zea mays
tunicata Sturt.). [8]

According to various botanical & biological
characteristics of the grain colour and shape, in Ukraine
corn kernel is classified into 8 types, with separately
defined limitations on the content of the major crop in the
batch, grains of other type, etc. In terms of exceeding of
the regulated standards of keeping of non-basic type of
crops in one grain batch, the following batch is classified
as the 9th certain type — "mixture of types". At the same
time, in the territory of Ukraine pod and starch-sweet
corn types are rather noncharacteristic. Pod corn does not
have any industrial potential, so it is almost not used for
the production of any type of foods, while starch-sweet
corn is grown in the countries of South America only.

According to the DSTU 4525:2006 [9], it is
recommended to use corn of I-VIII types with the quality
indicators specified in the standard, for the production of
food products.

While analyzing the figures of the average
storehouse and experience of corn consumption in grain
processing enterprises, it can be noted that flint and dent
corn types are the most applied grain varieties in the
industry, they are widely used in the production segment
of food and feed products. Osokina N.M. [10] and others
reported that it makes the most sense to use dent and
semi-dent types of corn for the production of small
groats, which are further used as the raw materials for
corn curls. According to Salo O.S. [11], popped corn is
not only the most convenient raw material for the
production of popcorn, but it also can be used as the raw
material for the production of corn curls and dry
breakfast cereals.

According to the analysis of the usage of other
types of corn in the production of food products, sweet
corn is widely used as a vegetable crop in the food
canning, food concentrates, starch and brewing industries
due to its flavor properties, which waxy corn is the raw
material for the production of amylopectin starch. [12]

According to the literature data analysis, in
Ukraine there is rather significant share of both domestic
and foreign varieties and hybrids of corn that are
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applicable for the cultivation and distribution throughout
the territory of the country. For several recent years
demonstrates the constant increase in the number of
hybrids and varieties of corn in Ukraine. For example, in
1996 their number totaled 153, in 2012 — 621, in 2013
— 674, 1in 2015 — 750, and in 2016 — more than 1000.

The endosperm forms the largest share of grain
kernel in corn, which covers the major weight fraction of
starch (nearly 98%). According to BeMiller J.N. [13], the
germ covers nearly 65% of sugars. According to
Chakraverty A. and others [14], the grain shell covers
nearly 70% of hemicellulose, 23% of cellulose and 0.1%
of lignin.

The weight fraction of proteins, and their
composition are one of the most important factors that
should be taken into account in terms of choosing of the
certain grain type as the raw material for the production
of high-quality human food products. In terms of
manufacturing of high-quality products for the adequate
nutrition, it is advisable to ensure the presence in the
products of all essential amino acids for the human body:
lysine, tryptophane, methionine, threonine, valine,
phenylalanine, leucine, isoleucine. Improving of the
qualitative characteristics of the protein content is one of
the major direction of corn for grain selection and
hybridization. For recent 35-40 years, the world worked
out the high-protein varieties and hybrids of corn, which
are cultivated throughout the large-scale areas of China,
South and North America, etc.

Taking into account the research figures, we can
stress the figures by BeMiller J.N. [13], who specified
the significant fluctuations in protein content of the
kernel within the range of 6-16%, caused by various
varietal features and agro-climatic conditions of
vegetation. At the same time, while comparing dent and
flint corn one can note almost equal weight fraction of
protein within 9-14% [15]. At the same time, the figures
by Ghosh T.K.and Prelas M.A. [16] for popped corn
demonstrate the weight fraction of protein in the kernel at
nearly 15%.

Domaretsky V.A. [17] noted that according to the
solubility criterion, corn proteins include 60% of
prolamins, 38% of glutelins, 14% of albumins, and
22.6% of globulins. The alcohol-soluble fraction of
proteins (prolamine) in corn kernel has the name —
"zein", and it is the inherent part of protein, which can be
potentially applied in many industries due to its excellent
properties, for example in the production of fibers,
ceramics, textile fabrics, chewing gum, biodegradable
plastic polymers, etc.

The placement of proteins in corn kernel in the
endosperm and germ parts makes the certain differences
in their fractional composition. For example, according
to Applewhite T.H. [18] the proteins which are located in
the endosperm, include 3% of nonprotein nitrogen, 3% of
albumins, 3% of globulins, 60% of prolamins, 26% of
glutelins, while the proteins located in the germ parts are
characterized with 20% of nonprotein nitrogen, 35% of
albumins, 19% of globulins, 5% of prolamins, and 18%
of glutelins.

Domaretsky V.A. [17] reported that corn proteins
are composed of 18 nonessential and essential amino
acids, including such major ones as asparaginic acid,
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alanine, arginine, cysteine, glutamic acid, glycine,
histidine, isoleucine, leucine, lysine, etc.

As for the distribution of amino acids by protein
fractions, we can give the figures by Zarkadas C.G. and
others [19] that show the zein fraction of corn proteins is
characterized with the high share of amino acids: leucine,
proline, glutamic acid, while lysine and tryptophane are
almost absent. Corn kernel is characterized by the
presence of the massive germ which can cover nearly
15% of the kernel weight. At the same time, the reporting
part of grain is not used in the groats, food concentrates
and starch industries due to the high weight fraction of
fat (nearly 80%) and its instability, which causes the need
of its removal. In such case, the corn germ is used for the
production of corn oil. Fats are located in almost all
anatomical parts of corn kernel.

Herewith, the general weight fraction of fat for the
common industrial varieties and hybrids of corn varies
within 4-5%. Today, the breeding and the hybridization
result from the emerging of corn with the high weight
fraction of fat in kernel (12-20%) The fat in corn kernels
are set in the form of drops with the diameter
approximately 1.3 micron. [20]

By analyzing the weight fraction of fat in kernels
of different corn varieties we can note that the lowest
number of fat is typical for popped corn (4.0%) and the
largest — for sweet corn (9.1%); dent and flint corn have
the same total fat number (4.5-4.9%). [21] If we look at
the distribution of the fatty acids by anatomical parts of
kernels it can be noted that the fats in blossom parts have
the low number of mass fraction of palmic acid and the
high fraction of oleic and linoleic acids. The fats in
endosperm cell typically have the high fraction of palmic
and linoleic acids and low weight fraction of linoleic and
oleic acids. [22]

By analyzing the soluble carbonhydrates in
different varieties of corn we can distinguish that dent
and flint corn have almost the same part of soluble
carbonhydrates (up to 80%), popped and sweet corn have
less (74-78%). The starch is the main compound of the
carbohydrate complex of corn and most cereals and the
weight fraction depending on varieties can total 72%.
(21]

The starch in corn is placed in the form of lens-
shaped, spherical and concave shaped granules with the
diameters from 2 till 30 microns. The starch granules of
common kernel comprise 70-80% of amylopectin and
20-30% of amylose, the granules of wax-varieties
comprise 100% of amylopectin, and high amyloze
varieties — 50-90% of amylose. [23, 24] Among the
traditional wvarieties of corn, the lowest starch weight
fraction is typical for sweet corn — 54%. Dent corn has
64-78% of starch. [25] The temperature interval for the
gelatination of starch in corn kernels comprises 88-93 %.
[26, 27]

The weight fraction of cellulose in kernels of corn
usually totals 2%. The vast majority of the substances
indigestible by the body are in the upper shell portion of
kernels — nearly 70% of hemicellulose, 23% of cellulose
and 0.1% of lignin. [28] The pentosans weight fraction in
corn kernels totals 5-8%, herewith their largest fraction
30-40% is characterized for the upper shell portion of
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kernels, the lowest number 0.5-3.0% — for endosperm.
[29]
The weight fraction of sugars in corn kernels

totals nearly 1-3%. [23] The kernels contain —
saccharose, glucose, maltose, fructose, galactose,
cellobiose, ribose, mannose and xylose. [25] The

sweetening agents are unevenly distributed in anatomical
parts of corn kernels. The smallest weight fraction of the
agents are in endosperm 0.2-0.5% and the largest 9.4-
11.3% — in germinal parts. The shell parts contain 0.3-
1.0% of sweetening agents. [30]

The ash number of corn kernels varies within 1.5-
3.0%, herewith, 70% of the total ash elements are
situation in germinal parts. [23] Looking at the total
weight fraction of ash in corn kernels we can note the
data by Bajaj Y.P.S. [21] who distinguishes almost the
same numbers for dent and sweet corn — up to 2.0%, the
lower ash weight fraction is common for the popped and
flint corn — 1.6-1.7%. The weight fraction of ash in
endosperm totals nearly 0.7-1.1%, in germinal part — 31-
39%, shell parts — 0.7-1.2 % [30].

Analyzing the distribution of the mineral elements
in accordance with the anatomic parts of kernel it can be
distinguished that the germinal and shell parts contain the
largest weight fraction of mineral elements, whereas
endosperm contains mostly Iron, Calcium, Zinc, etc.

According to Larkins B.A. [31] the kernels of
corn have such vitamins as A, E, Kantidermatitis
vitamin, niacin, pyridoxine and folic acid, alpha
tocopherol (E), pantothenic acid. If we analize the
content of vitamins in yellow corn listed by Gwirtz J. A.
and others [32] we can note that the germinal parts
contain B-complex vitamins and the antioxidant (E
vitamins), the upper layers of the kernel contain the
soluble vitamins, the starch does not have vitamins
(excluding holing) that demonstrates the low content of
the vitamins in endosperm. By analyzing the research of
the vitamins content (38-40) we can distinguish that corn
kernels have high total weight of antioxidants —
carotenoids.

By the characteristics of endosperm the corn
kernels are divided into dent, flint, popped and sweet
corn, etc. All the types of corn kernel are characterized
by the endosperm of white color, but the shell parts in
comparison with other crops have the wider color rage -
from typical light white and yellow to red and black
shades, herewith, the corn kernels with white and yellow
shades are more preferable in food industry. [33, 34]

Depending on the types the dent corn kernel has
yellow, white or red coloring, the flint corn kernel is
mostly white and yellow, sweet and popped corn are
white. [8]

According to the analysis of the DSTU (National
Standards of Ukraine) 4525-2006 [9] we can note that the
corn kernels are characterized by the prolonged, round,
beak shape with pressed or sloped sides, the top of the
kernel is round and pressed.

If we look at the types of corn separately, we can
note that the majority of flint grains used in the
production the kernels have the round smooth top and the
pressed sides, the dent corn has prolonged kernels with
non-homogeneous top (in the form of tooth), and popped
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corn has prolonged narrowed kernel (in the form of
beak). [35-37]

In terms of the production of groats products the
geometrical characteristics of kernels and their size are
the most important. The correct evaluation of the
geometrical characteristics of kernels regardless of the
crop allows to provide the reasonable forming of the
technological processes, which is especially important
during the cleaning of kernels from dockage and the
specification of the milling when eliminating the
germinate.

The kernel size at the food production is an
important characteristics because the processing of
bigger and full kernel allows to receive bigger volumes
of the finished products, moreover, the bigger sized
kernels have more useful elements for humans which
allows to get more quality food product. Also, in terms of
productivity the processing of the small and hollow
kernels is not advantageous. Because of this, there is a
restriction in theshare of small kernels for food use for
the majority of the traditional crops - with accordance to
the current standardstheweight fraction must not exceed
5%, and it is determined by the passover of the
standardized sieve. The rise of the corn kernels is usually
determined as the ratio of kernels weight in the passover
of the sieve @ 8§ mm to the weight of the main kernels in
%. With accordance to the current standard the kernels of
corn are considered hollow if they went though the sieve
@ 4.5 mm and are received the sieve 1.2x20 mm,
herewith, the size of the kernels for use must be not less
than 80%. According to the analysis the literature it can
be noted that the dent corn type is characterized as the
largest by size, flint corn - as large or small, and popped
corn - as small. Considering the size of the kernels of
flint corn Kulakova E.V. [38] showed that this type of
corn is characterized by the high size numbers - 8§6-89%.

According to the geometrical characteristics
among the other crops corn has the largest size - 8-17
mm in length and 5-15 mm in width. As Briggs D.E. [39]
shows kernels of dent corn has 12 mm in length, 8 mm in
width and 4 mm in thickness. Exploring the influence of
the weight fraction of moisture on the change of physical
properties of popped corn Karababa E. [40] found that
the increase of moisture in kernels has little affect on the
size change of this kernels: 8.2-9.2 mm in length, 5.7-6.3
mm in width and 3.7-4.9 mm in thickness.

The important figure of the physical property of
kernels in groats production is the test weight of 1000 of
kernels. The weight of 1000 kernels of corn according to
data by Kent N.L. [41] depending on the varieties and the
agro-climatic conditions changes within 150-600 g. If we
analyze the limit of this figure on behalf of different
types of corn we can note that the largest figures are
typical for flint corn - 250-400 g, smaller for flint types -
150-300 g, and the smallest for popped corn - 100-150 g.
[8] The test weight of corn kernel is also distinguishes
the maturity and the hardness of kernels, with the average
number totaling 720 g/l. [30] If we analyze the test
weight in terms of corn types we can state that popped
corn’s figure ranges within 712-826 g/l [42], dent corn -
875-893 g/1, and flint corn - 768-786 g/1. [43]

We can separate four main ways of corn
processing: groats production, starch-molasses
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production, ethanol production, and the feed production.

In terms of the food use of corn, the processing
process involves corn groats production only. The current
technologies on Ukraine provide the next assortment of
groats: large groats for flakes and puffers, small groats
for the production of corn curls,polished groats and
milled groats. [44]. During the production of corn groats
the manufacturers also receive corn flour and germinate
which can be used for the production of corn oil.

The stash production is the main approach of the
deep corn processing in Ukraine. The main by-products
of corn are starch and gluten. At the same time, the starch
is used for the manufacturing of dextrin, maltose,
molasses etc. Also the products of starch-mollases
productionare used in biochemical production of lemon
acid and monosodium glutamate. Corn germinate and
corn screening are the by-products of starch-mollases
production.

One of the most perspective ways of the corn
processing is the production of bioethanol that allows
receiving the power resource - the biofuel made from the
sustainable raw material, and also the valuable feed
additive DDG, which is widely used in feed milling.
[45,46]

In order the process the corn kernels into groats
and flour, it is necessary to remove the germ. The
international experience shows different technologies of
corn processing. Today there are two methods of germ
separation: dry and wet. The majority of the plants in our
country use dry method via using the special machines of
rubbing type- germ separators (the machine for the dry
germ separation), that allows to simultaneously mill corn
kernels for 5-8 parts and separate 95% of germs. The
drawback of this method is that during the separation the
germ is milled and mixed with the peripheral parts of
corn and with the flour, which appears when milling.
Here, instead of using 8-10% of this germ in food
industry, it is mixed with flour and then sold as a feed
flour. Thus the cost of corn germ on the market of
Ukraine and Russia equals to the prices of the groat
which is twice higher compared to the feed flour. [44-46]

The use of water-thermal treatment gives an
advantage not only over the grain handling on the
following processes of milling and polishing, but also
facilitates the separation of germ and its preservation
integrally. The germ connected with the endosperm with
the help of the bark does not have the cellular structure
and consist of the protein and pentosans. As a result of
the damping, this bark is softened and the connection
with endosperm decreases. This method is better if the
germ is used further as the raw material for the
production of oils. The germ that usually has high
content of fat is an excellent raw material for the
production of edible oils and is rich by unsaturated fatty
acids, phosphotides, tocopherol and other bioactive
substances. As a result, the germ needs to be separated
from the kernel after which the content of the endosperm
must be minimal. After the water-thermal treatment of
corn with an optimum performance it is possible to
receive best possible conditions: the germ is released in
the form of larger parts and contain less endosperm,
which improves the quality of oils. [68, 71]
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This technology is especially needed for the
production of groats for flakes and corn curls, because
the shell is easier to remove during the milling process,
and the endosperm is shredded for bigger parts that are
necessary for the production of flakes. For today, this
technology is widely used for the production of corn
starch. [44, 47]

Considering the analysis of literature, it would
seem appropriate to provide a comprehensive study of
the condition of the corn food processing industry in
Ukraine and advice provision concerning the prospects of
development of this segment. One of the main areas of
development is desirable to adopt improvement of the
current technological production system.

REFERENCES

1. Serna-Saldivar, S. O. Food uses of whole corn and dry-milled fractions Corn. [Text] / S. O. Serna-Saldivar, E. P. Carril-
lo. — AACC International Press, 2019. — p. 435-467.

2. Inglett, G. Maize: Recent Progress in Chemistry and Technology[Text] / G. Inglett. — Elsevier, 2012. - 262 p.

3. Igoe, R. S. Dictionary of food ingredients [Text] /R. S. Igoe . — Springer Science & Business Media, 2013. - 201 p

4. Prodovolstvennaya i selskohozyajstvennaya organizaciya Obedenennyh nacij [Elektronnij resurs]. — rezhim dostupu:
http://www.fao.org/home/ru/

5. Moskvichev, A. Yu. Effektivnost sposobov osnovnoj obrabotki i sredstv himizacii na zernovuyu produktivnost kukuruzy na
chernozemnyh pochvah Volgogradskoj oblasti [Tekst] / Moskvichev A. Yu. i dr. // Izvestiya Nizhnevolzhskogo
agrouniversitetskogo kompleksa: nauka i vysshee professionalnoe obrazova-nie. — 2013. — Ne. 4 (32).

6.  Analitika Ukragrokonsalt [Elektronnij resurs]. — rezhim dostupu: http://www.ukragroconsult.com/analytics?id=all

7. Hammond, B. G. Impact of food processing on the safety assessment for proteins introduced into biotechnology-derived
soybean and corn crops [Text] / B. G. Hammond, J. M. Jez // Food and Chemical Toxicology. —2011. —vol. 49. — Ne. 4. —
p. 711-721.

8. Zinchenko, O.1. Roslinnictvo [Tekst]/ O.1. Zinchenko, V.N. Salatenko, M.A. Bilonozhko. — K.: Agrarnaosvita, 2001. — 591 s.

9. Corn. Specifications: DSTU 4525: 2006. — [Valid from 2007-04-01]. — K.: State Committee of Ukraine, 2007. — 15 p. —
(National Standard of Ukraine).

10. Osokina, N. M Tehnologichni viastivosti zerna gibridu kukurudzi PR39B58 [Tekst] / N. M. Osokina, K. V. Kostecka, Ya. V.
Yevchuk // Zbirnik naukovih prac Umanskogo nacionalnogo universitetu sadivnictva. — 2014. — Ne. 86 (1). — S. 37-43.

11. Salo, O. S. Innovacijni napryami selekciyi specializovanoyi kukurudzi v Instituti roslinnictva im. VYa Yur'yeva UAAN
[Tekst] //Visnik CNZ APV Harkivskoyi oblasti—2009.—T. 6. — S. 131-137.

12. Koptelova, E. K. O krahmale iz voskovidnoj kukuruzy [Tekst] / E. K. Koptelova, N. D. Lukin, Yu. I. Tretyakov //Pishevaya
promyshlennost. — 2012. — Ne. 4. — S. 56-58.

13. BeMiller, J. N. Starch: Chemistry and Technology [Text] / J.N. BeMiller, R.L. Whistler. — Academic Press, 2009.— 894 p.

14. Chakraverty, A. Handbook of Postharvest Technology: Cereals, Fruits, Vegetables, Tea, and Spices [Text] / A.
Chakraverty, A. S. Mujumdar, H. S. Ramaswamy. — CRC Press, 2003. —912 p.

15. Philippeau, C. Relationship between ruminal starch degradation and the physical characteristics of corn grain [Text] /
Philippeau C. et al. // Journal of animal science. — 1999. —vol. 77. — Ne. 1. — p. 238-243.

16. Ghosh, T.K. Energy Resources and Systems: Volume 2: Renewable Resources [Text] / T.K. Ghosh, M.A. Prelas. — Spring-
er Science & Business Media, 2011.— 727 p.

17. Domareckij, V. A. Tehnologiya ekstraktiv, koncentrativ i napoyiv iz roslinnoyi sirovini.: Pidruchnik dlya VMNZ III-1V r.a.
[Tekst] — Nova Kniga. — 370 c.

18. Applewhite, T. H. Proceedings of the World Congress on Vegetable Protein Utilization in Human Foods and Animal
Feedstuffs [Text] / T. H. Applewhite. — The American Oil Chemists Society, 1989.

19. Zarkadas, C. G. Assessment of the protein quality of 15 new northern adapted cultivars of quality protein maize using ami-
no acid analysis [Text] / C. G. Zarkadas et al. //Journal of agricultural and food chemistry. — 2000. — vol. 48. — Ne. 11. —
p. 5351-5361.

20. Lasztity R. Cereal Chemistry [Text] / R. Lasztity. — International Specialized Book Services, 1999. — 307 p.

21. Bajaj, Y.P.S. Maize, Biotechnology in Agriculture and Forestry [Text] / Y.P.S. Bajaj . —Springer Science & Business Me-
dia, 2012. - 632 p.

22. Meurant, G. Lipids in cereal technology[Text] /. Elsevier, 2012. — 425 p.

23. Wrigley, C. W. Encyclopedia of food grains [Text] / C. W. Wrigley, H. Corke, K. Seetharaman, J. Faubion. — Academic
Press, 2015. — 1976 p.

24. Belitz, H-D. Food Chemistry [Text] / H.-D. Belitz, W. Grosch, P. Schieberle. — Springer Science & Business Me-
dia, 2013. - 993 p.

25. Kulp, K. Handbook of Cereal Science and Technology [Text] / K. Kulp. — CRC Press, 2000. — 808 p.

26. Malin, S. Starch in Food: Structure, Function and Applications [Text] / S., Malin, L. Nilsson. — Woodhead Publishing,
2017.-916 p.

27. Ahmed J. Novel food processing: effects on rheological and functional properties[Text] /. — CRC Press, 2016. — 510 p.

28. Inglett, G.Maize: Recent Progress in Chemistry and Technology [Text] /. — Academic Press, 2012.— 262 p.

29. Y. H. Hui, F. Sherkat Handbook of Food Science, Technology, and Engineering 4Volume Set [Text] / Y. H. Hui, F.
Sherkat. — CRC Press, 2005. — 3632 p.

30. Henry, R. J. Cereal Grain Quality [Text] / R. J. Henry, P. S. Kettlewell. — London UK: Chapman and Hall, 1996. —488p.

31. Larkins, B. A. Maize Kernel Development [Text] /. — CABI, 2017. — 253 p.

32. Gwirtz, J. A. Processing maize flour and corn meal food products [Text] / J. A. Gwirtz, M. N. Garcia-Casal//Annals of the
New York Academy of Sciences. — 2014. —vol. 1312. — Ne. 1. — p. 66-75.

33. Lasztity R. The chemistry of cereal proteins [Text] /. — Routledge, 2017. — 336 p.

34. Liu, K. Distillers Grains: Production, Properties, and Utilization [Text] / K. Liu, K. A. Rosentrater. — CRC Press, 2016 . —
564 p.

35. Fadeev, L. Kukuruza. Osobennosti stroeniya [Tekst]. — Hranenie i pererabotka zerna. — 2015. — T. 192. — Ne. 3-4. —
S. 41-43.

GREEN, PROCESSING GRAIN: TECHNOLOGY AND QUALITY

33 http://grain-feed.onaft.edu.ua



%\X 3epHoBi npoxyktH i kombikopmu, Vol.19, 1.1 /2019

36. Yahtanigova, Zh. M. Himicheskij sostav i pitatelnaya cennost zerna i listostebelnoj massy razlichnyh podvidov kukuruzy
[Tekst]. — Novye tehnologii. — 2008. — No. 5.

37. Sotchenko Yu. V. Issledovanie himicheskogo sostava zerna perspektiviyh samoopylennyh linij kukuruzy [Elektronnij
resurs]. — rezhim dostupu.:http://bibl-stgau.ru/images/Files/number29.pdfitpage=220

38. Kulakova, E. V. Contribution to the investigation of the corn germ Part I. Corn germ as a valuable source of protein [Text]
/ E. V. Kulakova, E. S. Vainerman S. V. Rogoshin// Molecular Nutrition & Food Research. — 1982. — vol. 26. — Ne. 5. — p.
451-456. doi.org/10.1002/food. 19820260508

39. Briggs, D. E. Malts and malting [Text]. — Springer Science & Business Media, 1998. — 796 p.

40. Karababa, E. Physical properties of popcorn kernels. — Journal of Food Engineering. — 2006. — vol. 72. — Ne. 1. — p. 100-
107. doi:10.1016/j jfoodeng.2004.11.028

41. Kent, N.L. Technology of cereals: an introduction for students of food science and agriculture [Text] / N.L. Kent, A.D.
Evers. — Woodhead Publishing, 1994. —334 p.

42.  Hallauer, A. R. Specialty Corns, Second Edition [Text] / A. R. Hallauer. — CRC Press, 2000. —496 p.

43. Scrob, S. The biochemical composition and correlation estimates for grain quality in maize [Text] / Scrob S. et al.
//Journal of Agroalimentary Processes and Technologies. — 2014. —vol 20. — Ne. 2. — p. 150-155.

44. Shutenko Ye.l. Tehnologiya krup yanogo virobnictva: navch. posibnik / Ye.l. Shutenko , S.M. Soc.- K.: Osvita Ukrayini,
2010. - 272s.

45. Ray, R.C. Bioethanol Production from Food Crops: Sustainable Sources, Interventions, and Challenges [Text] / R.C. Ray,
S. Ramachandran. — Academic Press, 2018. — 460 p.

46. Thorne, P.J. Maize as Food, Feed, and Fertiliser in Intensifying Crop-livestock Systems in East and Southern Africa: An
Ex Ante Impact Assessment of Technology Interventions to Improve Smallholder Welfare [Text]. — ILRI, 2002. — 112 p.

47. Egorov, G.A Tehnologiya muki. Tehnologiya krupy [Tekst] / G.A. Egorov, N.V. Kurkina, G.C. Cybikova, i dr. — Moskva:
KolossS, 2005. — 296 c.

L} | L} - - | L} L} = = | L}

O.1. ITATTIOBAJIEHKO, a-p TexH. Hayk, npodecop

Hayionanvuuii ynieepcumem xapuosux mexnonociu, m. Kuieg

N.0. KYCTOB, kana.TeXH.HAYK, JOLHEHT

Odecvka nayionanvha akademia xapuogux mexnonozii, m.Odeca

P.C. PUBYMHCBKWIA, ro;ioBa rpomMaachkoi cnijku «Boponrnomenn YKkpainm»

OCOBJ/INBOCTI BUKOPUCTAHHA KYKYPY/I3U IIPH BUPOBHHI]TBI
XAPYOBHUX ITIPOAYKTIB

Anomauin

Y cmammi npedcmaeneni ocobrueocmi 3acmocysans KyKypyo3u K CUposuHu O Kpyn'saHoi npoMUcio8ocni.
Kyxypyosa suxopucmogyemuvcsi 6 bazamvox cesmenmax xap4o6oi ma nepepooHoi npoMUCI080cni. KyKypyo3y nepepoo-
JAI0Mb 0151 MPAOUYIHUX XAPHUOBUX NPOOYKMIE - KpYnu, NAACmisyi, OOpowHo, eKcmpyoo8ani NpooyKmu ma iHull
noOOIUHI NPOOYKmMuU KYKYPYO3U UWUPOKO GUKOPUCHOBYIOMbCS OISl GUPOOHUYMBA CYXUX CHIOAHKIB, CHEKI8, 3ePHOBUX
6amoHuuKie. 3 mouKku 30py GUKOPUCTNANHS NEPEO0BUX MEXHONO02I NepepodKu NPOMUCIOBICHb GUPOOTILE KPOXMAb,
anomet i 3apoook. Kykypyossnuil 3apo0ok GUKOpUCmo8yemucst 0Jisk 6UPOOHUYMEA BUCOKOYIHHO20 POCIUHHO20 MACd, A
MAKOAC KPOXMATIO - 5K OJisl Xapyosux, max i Hexapyosux yinetl. birvuie nonogunu (65%) KyKypyo3u 6ukopucmosgyemocs
ona kopmosux yineu, 25% - mexniunux yineu, i maviowce 20% - 0na piznux udie 6upoOHUYMEa NPOOYKMI8 Xapyy8aHHsL.
Kykypyoszy nepepobnsioms y mpaouyiiini xapuogi npooykmu - Kpynu, niacmisyi, O0powHo, ekcmpyoosaui npooyKmu
ma iHwi. 3a KOnwopom KyKypyo3y nodiisiome Ha Oiny i ocoemy. JKoema KyKypyo3a uwacmiwie 8UKOPUCMOBYEMbCS 6
Kumai, Apeenmuni, bpasunii, a 6ina Kykypyosa - 6 Odeskux kpainax Aszii, Jlamuncokoi Amepuxu ma 6AIKAHCOKUX
Kpainax. 3anesicno 6i0 mopghonociunux ocodrueocmeil, KyKypyo3a ROOLISEMbCsL HA PI3HI epynu, uou I niosuou.

B Vkpaini 3epro kykypyosu 6ionogioHo 00 60mauiuHux, OION0SIHHUX O3HAK 3d KOAbOPOM mMa (YopmMoio 3epHA
Kaacugixyioms na 8 munie, npu ybomMy OKpPeMo GU3HAYEHO 0OMENCEHHS OO0 6MICMY Y NApmii 0CHOBHO20 3ePHA, 3ePeH
inwozo muny. Kykypyosy I-VIII munieé pexomenoosano sukopucmosysamu 0is upoOHuymea npooyKkmis npooooabio-
20 NPUBHAYEHHS! I3 NOKAHUKAMU KOCMI U3HAYeHuMU y cmanoapmi. Hatlbinbu 6ukopucmosanumu y 2anysi € KpemeHu-
cma ma 3y608udHa KyKypyo3a, iX WUPOKO GUKOPUCMOBYIOMb Ol GUPOOHUYMEA NPOOOBOIbYUUX MA KOPMOBGUX
npodykmis. L[ykposa KykypyO3a 3a60sKu C60iM CMAKOGUM BIACMUBOCHSIM SUKOPUCMOBYEMBCS SIK 080Y€6A KYIbMypd,
npU YbOMY OHA WUPOKO 3ACMOCOBYEMbCI Y KOHCEPBHIl, XAPUOKOHYEHMPAMHIL, KPOXMAe-NAMOKOGIl ma nueoeapHiil
npomuciosocmi. Posnycuna kyxypyosa € ne minoku nioxo0sauoio cuposuHolo 0t GUPOOHUYMBA «NOGIMPAHOL» KYKYpYO3U
(nOnKopHy), a i Modice 3acmoco8Y8aAMUCs K CUPOSUHA Ol BUPOOHUYMBA NAAUHOK MA CYXUX CHIOAHKIG. Ananizylouu
84208y HACMKY JHCUPY 8 A0PAX PIZHUX COPMIE KVKYPYO3U, MOJNCHA GIOZHAYUMU, WO HAUMEHWA KITbKICMb JCUpy Xapax-
mepHa 0 po3nycHoi Kykypyosu (4,0%), a uatibinewa - 0ns yykposoi kykypyosu (9,1%); 3yboeuona ma kpemuucma
KYKYpy03a Mawome npubIU3HO 00HAKO8Y 3a2alibHYy Kinbkicmb dcupy (4,5-4,9%). Hamypa 3epua KyKypyO3u — posnycHol
3Haxooumscsi 6 dianaszoui 712-826 &/n, 3y606udnoi - 875-893 2/n, kpemnucmoi - 768-786 2/n. Maca 1000 3epen kyky-
PYO3u 6 3aN1elHCHOCMI 8I0 COPMOBUX 0cobIUsocmel sMHIoeEmbes 6 dianazoni 150-600 e.

Kniouogi cnosa: xpyn'aua npomuciogicms, KyKypyo3sa, XiMidHuil CKIa0, MexXHOI02TUHI 61ACMUBOCHI, nepepoodKa.
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THE CHARACTERISTIC OF COMPOUND FEEDS FOR
CLARIAS GARIEPINUS

Abstrakt

The article states that industrial fish farming in inland waters has become increasingly important in the recent years
and it is one of the sources for satisfying the needs of people in the high-protein foods. The fish meat is an extremely rich
source of proteins, which are easily digested, vitamins, polyunsaturated fatty acids, macro- and microelements. One of the
priorities of the development of the fish farming in Ukraine is the cultivation of the Clarias gariepinus. Clarias gariepinus or
African sharptooth catfish is a species of catfish of the family Clariidae, the airbreathing catfishes. In 2017, with the support
of the Ukrainian State Agency, the Institute of Fisheries of Ukraine on the part of the state and the companies Vismar Aqua,
Aquaprom and the Dutch company Trouw Nutrition («Skrettingy), the program was developed to increase the cultivation of
the Clarias gariepinus under the name Clarias gariepinus - 2020. The objective of the program is to provide 2020 tons of
Clarias gariepinus until 2020. Today, the production of the Clarias gariepinus in Ukraine is about 500 tons per year, about
50 farms are engaged in cultivation. That is why the production of balanced domestic compound feeds for Clarias gariepinus
is an important task of the feed industry of Ukraine.

The theoretical study was devoted to the problem of the production of compound feeds for the Clarias gariepinus.
The nutritional value of compound feeds for Clarias gariepinus a depends on the stage of the life cycle of this species of fish.
The above world leaders are manufacturers of compound feeds for Clarias gariepinus, the analysis of granule size and nutri-
tional value of compound feeds on the content of crude protein in prestarting, starting, growth and finishing periods respec-
tively. The requirements for the content of essential and non-essential amino acids, minerals (micro and micronutrients), wa-
ter and fat soluble vitamins and restrictions on the content of crude fiber are given. Indicated the main and additional raw
materials, traditionally used in the manufacture of data feed advanced companies. The main components are fish meal, pro-
duced under relatively low drying conditions, wing meal, corn and wheat gluten, soy products, by-products of extraction oil
and press production oil (soya, sunflower and other cakes and meals), premisex, carotenoids like astaxanthin. The feeding
programs of the Clarias gariepinus of various manufacturers have been analyzed and their own feeding program has been
developed for this species of fish, it divides the period of cultivation of the Clarias gariepinus into prelaunch, starting, growth
and finishing ones. For prestart mixed feeds, the content of crude protein should be at least 45%, raw fat at least 12%, raw
fiber not more than 1.8%, gross energy not less than 13.7 MJ, raw ash not more than 8%. For starter feed, the content of
crude protein should be at least 42%, raw fat at least 12%, raw fiber not more than 3%, gross energy not less than 13.1 MJ,
raw ash not more than 9.5%. For grower’s feeds, the content of crude protein should be at least 38%, raw fat at least 12%,
crude fiber not more than 3%, gross energy not less than 12 MJ, raw ash not more than 9.5%.

Key words: compound feed for Clarias Gariepinus or African sharptooth catfish, feed manufacture technology for
Clarias Gariepinus’s feeds, requirements for Clarias Gariepinus feeds.
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