. W

@ ® ONUT

UDC 664.7 k—Zssswmmms |, OpenAccess
DOl https://doi.org/10.15673/gpmf.v23i4.2741
S. Sots, PhD of Technical Science, Associate Professor, £-mail: sotsserega@gmail.com
ORCID: 0000-0002-3267-2384; ResearcherID: G-9192-2019; Scopus Author ID: 57210357520
I. Kustov, PhD of Technical Science, Associate Professor, E-mail: i.kustov1988@gmail.com
ORCID: https://orcid.org/0000-0001-7632-1626, ResearcherID: 1-3249-2016
O. Donii, postgraduate student, £E-mail: doniy.lesya99@gmail.com
Odesa National University of Technology, 112, Kanatna Str., Odesa, 65039, Ukraine

AUTHENTIC WHEAT GRAIN IS THE RAW MATERIAL
FOR MODERN CEREAL PRODUCTS

3epHoBi npoaykTH i KoMOikopmu, VoI.23, 1.4 (92) / 2023

Abstract

Wheat grain is one of the eight traditional crops that needs to be reviewed in terms of its processing, product range,
and quality properties of the end products. Considering the Rules of management and organization at grain factories, it can
be noted that the recommended raw material for the production of grain products is durum wheat, the processing of which
allows obtaining the main assortment of wheat:groats "Poltavski" and "Artek". Today, durum wheat in our country are grown
in a small amount compared to soft wheat, which is widely used in flour milling, therefore enterprises of the cereal industry in
such conditions must either import significant volumes of durum wheat or use soft wheat as an alternative option, but taking
into account the peculiarities of the produced groats and the technological process, which is built for a stronger grain, the
processing of soft wheat in such conditions and the production of crushed groats "Poltavski" and "Artek™ from it cannot be
considered effective. A key factor in the efficiency of soft wheat processing in groats production is also the difference in the
chemical composition of two types of wheat, in which soft wheat has, for example, a lower mass fraction of protein compared
to durum wheat, which does not allow production from soft wheat modern products of healthy and complete nutrition, the
demand for which is only growing every year in the World and Ukraine. Emmer is one of the oldest cereal crops that mankind
used for food and fodder needs. Cultivation of emmer began approximately 10,000-8,000 BC on the territories of ancient
Egypt, Mesopotamia, Syria, Ethiopia, as well as other countries of Asia, North Africa and the Middle East. On the territory of
Ukraine, emmer was grown 5-6 thousand years BC. When processing emmer into groats, the total yield of end whole groats
can be obtained at the level of traditional cereals from hulled cultures - up to 70%, and flakes in relation to unprocessed
grain 60-65%. That is, it will not be possible to significantly increase the yield of finished products during the processing of
emmer, and this is primarily explained by the filminess of this culture, but if compare the quality of the obtained products, the
advantage is clearly for products from emmer, which is already a proven fact, for example in the countries of the European
Union where the demand for products made from "original™ hulled wheat, including emmer, is increasing every year. Our
country has all the necessary conditions for the development of this culture and increasing the volume of its cultivation and
processing into food products, which in turn can increase the export potential of our country not only in the form of raw mate-
rials, but also products from it.

Key words: groats production, emmer, chemical composition, food products, processing into groats, flaked prod-
ucts, new equipment.

Introduction which ensures the expansion and quality properties of

The groats industry is one of the most defining
and leading branches of the grain processing industry of
Ukraine. It is the groats industry, along with flour milling
and baking, that ensures the production of products that
are consumed by the population every day. Such prod-
ucts include traditional groats from whole, crushed ker-
nels, flaked groats, instant groats, groats that do not re-
quire cooking, flakes and products made on their basis:
flakes mixes, muesli, cereal breakfasts, cereal bars, die-
tary and health food products, functional products, etc.
Basically, eight crops are used as raw materials for the
production of the specified products, which make up the
basis of the groats industry in Ukraine: millet, buck-
wheat, rice, oats, wheat, corn, barley and peas, at the
same time, according to the volume of grain grown and
the amount of products produced from it such crops as
millet, to some extent buckwheat, rice and oats can be
classified as niche crops today. Recently, there is a ten-
dency to expand the raw material base used for the pro-
duction of groats products, processing enterprises are
increasingly processing such crops as wheat-spelt, em-
mer, naked varieties of oats and barley, lentils, chickpeas,
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end products. At the same time, the processing of new
raw materials is carried out according to similar princi-
ples and on the technological equipment that is available
at the operating enterprises of the industry. Considering
the effectiveness of such processing, it can be noted that
despite the fact that the products obtained in such condi-
tions are of sufficient quality compared to traditional
products, the potential embedded by nature in the grain
due to the adaptation of an outdated technological pro-
cess to new high-performance raw materials is not used
to its full extent, which inhibits expansion cultivation of
the latest grain in the territory of our country and its mass
use by all specialized enterprises of the grain industry.
Wheat grain is one of the eight traditional crops
that needs to be reviewed in terms of its processing,
product range, and quality properties of the end products.
Considering the Rules of management and organization
at grain factories, it can be noted that the recommended
raw material for the production of grain products is du-
rum wheat, the processing of which allows obtaining the
main assortment of wheat:groats "Poltavski" and "Artek".
Today, durum wheat in our country are grown in a small
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amount compared to soft wheat, which is widely used in
flour milling, therefore enterprises of the cereal industry
in such conditions must either import significant volumes
of durum wheat or use soft wheat as an alternative op-
tion, but taking into account the peculiarities of the pro-
duced groats and the technological process, which is built
for a stronger grain, the processing of soft wheat in such
conditions and the production of crushed groats "Pol-
tavski" and "Artek" from it cannot be considered effec-
tive. A key factor in the efficiency of soft wheat pro-
cessing in groats production is also the difference in the
chemical composition of two types of wheat, in which
soft wheat has, for example, a lower mass fraction of
protein compared to durum wheat, which does not allow
production from soft wheat modern products of healthy
and complete nutrition, the demand for which is only
growing every year in the World and Ukraine.

It is possible to solve problems related to the ef-
ficiency of wheat processing in our country, as well as to
significantly improve the quality indicators of end prod-
ucts by increasing the level of introduction of emmer
grain into domestic grain production. Emmer is one of
the oldest natural forms of wheat, the characteristic fea-
ture of which is the presence of hard floral hulls on the
surface of the grain that are not removed when it is
threshed, as well as this hulled grain is characterized by
increased kernel strength, which makes it a sufficiently
suitable crop for the production of groats products. To-
day, emmer is already used, but in small quantities, for
the production of cereals and partially flour in Ukraine.

Literary review

Emmer is one of the oldest cereal crops that
mankind used for food and fodder needs. Cultivation of
emmer began approximately 10,000-8,000 BC on the
territories of ancient Egypt, Mesopotamia, Syria, Ethio-
pia, as well as other countries of Asia, North Africa and
the Middle East [1]. On the territory of Ukraine, emmer
was grown 5-6 thousand years BC [2]. Before the wide
development of breeding areas, hulled wheat, including
emmer, were the main wheats that were mostly grown
locally and processed on a non-industrial scale compared
to today, but with the beginning of the 20th century and
the development of bioengineering, active work began on
the breeding of more technological wheat grains of soft
and hard wheat, which became the basis for the flour
milling industry and groats industry. From the 20th cen-
tury, the amount of cultivation and processing of emmer
began to decrease and it practically went out of industrial
production and remained in small agro-industrial hold-
ings and households, but already from the end of the 20th
century and the beginning of the 21st, interest in emmer
as an organic grain for the production of biologically
valuable products has revived which are still relevant
today. Emmer as a raw material for food products in the
World is used for the production of breakfast cereals,
pancakes, groats, porridges, flakes, muesli, flour, pasta,
bakery and confectionery products [3-5]. Emmer T. di-
coccum has several subspecies: subspecies abyssinicum
Vav, known as Ethiopian emmer, subsp. asiaticum Vav is
known as Eastern emmer, subsp. dicoccum, known as
European emmer, subsp. maroccanum Flaksb is known
as Moroccan emmer [6].

The volume of emmer production in the World
is insignificant compared to soft and even durum wheat,
according to various estimates, it is up to 7 million tons
annually, which is about 1% of the total volume of wheat
production [7, 8]. In recent years, emmer cultivation are-
as have been concentrated in Ethiopia, India, Turkey, and
Italy. [2,9]. There are no separate statistics on the cultiva-
tion of hulled wheat in Ukraine, which is due to the small
volume of its cultivation. Statistically, the entire volume
of hulled wheat cultivation in Ukraine is included in the
statistics of common wheat cultivation. For our country,
emmer is not a new grain in the Register of varieties of
plants suitable for distribution on the territory of Ukraine
three varieties of emmer have been entered, the first of
which is the variety "Holikovs'ka" was registered in
2015, the following varieties are Yunika and Antares was
registered in 2020 and 2021, respectively. That is, it can
be noted that in our country, work on breeding new va-
rieties of emmer accelerated began in the second decade
of the 21st century.

Formulation of the problem

In Ukraine, the products of emmer processing
are groats and flour, which are produced by some enter-
prises on technological lines and equipment for the pro-
cessing of traditional hulled crops. At the same time, it is
important to note that there are no normative State regu-
lations on emmer processing in our country, and accord-
ingly, the processing of this grain is carried out according
to technical conditions and technological instructions
developed on the basis of the experience of processing
similar traditional film cultures by each enterprise sepa-
rately, which leads to the inefficiency of the technologi-
cal process, the unreasonableness of the quality indica-
tors of products and the choice of the type of products for
processing. It is also important to note that in Ukraine
there is no regulation on n emmer or hulled wheat grain,
which fixes limiting quality indicators for determining
the direction of grain use as food or fodder. The use of
standards for wheat products when determining the quali-
ty of emmer products is also not correct, considering the
much higher value of emmer compared to traditional
wheat. In Ukraine, there is a need to review the current
standards for wheat grain and its quality products with
the introduction of limiting indicators for hulled wheat
and determining their direction, a scientifically based
assortment of processing products and their quality, or
the development of new standards.

An important distinguishing characteristic of
emmer grain, which distinguishes it from other hulled
wheats, is its chemical composition, thanks to which
food manufacturers once again turned their attention to it.
The chemical composition of emmer, as well as other
emmer wheat, due to their use as a basis for the selection
of traditional wheat, is quite well studied, and today the
advantages of emmer include a higher mass fraction of
protein, fat, micro- and macroelements, antioxidant sub-
stances, etc.

Knowledge about the amount and quality of pro-
tein in it is important for determining the value of grain
as food. First of all, the mass fraction of essential amino
acids for the human body, which are not capable of syn-
thesis from other substances in the human body and must
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come to it with food, is important. It was determined that
for this grain, the mass fraction of protein can reach a
value of up to 23%, which is significantly higher than
traditional wheat by this indicator [10]. At the same time,
the amino acid composition shows somewhat similar
trends to ordinary soft wheat: the limiting amino acids in
emmer are lysine, threonine, leucine, tyrosine, phenylal-
anine, isoleucine, and valine, the mass fractions of which
are not so significant in emmer grain compared to others
amino acids, at the same time it is noted that emmer con-
tains a larger number of essential amino acids compared
to traditional wheat [11, 12]. Considering the fractional
composition of proteins, it is possible to note the superi-
ority of emmer grain over traditional wheat in the frac-
tion of albumins and globulins. The mass fraction of al-
bumins, globulins and gliadins in the protein complex of
emmer is up to 39%, gliadins and glutelins up to 33%
[13, 14].

The mass fraction of fat in emmer, as in tradi-
tional wheat, is insignificant and amounts to 5%, while,
as in traditional wheat, fats are distributed in the grain
mainly in the germ part and partially in the aleurone lay-
er. Considering the fatty acid composition of emmer, it is
possible to note a relatively smaller share of polyunsatu-
rated fatty acids and a larger fraction of monounsaturated
fatty acids in the fat complex compared to traditional
naked wheat [21-23].

The largest part of the chemical composition in
emmer grains, as in most cereals, is occupied by the car-
bohydrate complex, which traditionally contains starch,
while other components such as sugars, B-glucans, die-
tary fibers make up a small part of the complex compared
to starch. The mass fraction of starch in emmer grains
does not exceed 58%, while this substance in emmer
grains has its own differences compared to other cereals.
Emmer starch is characterized by an increased content of
amylose, has a more complex crystalline structure and,
accordingly, has a tendency to be absorbed more slowly
in the human body [17]. Wheat grain is one of the three
cereal crops in the chemical composition of which the
non-starch polysaccharide B-glucan is present. At the
same time, oats and barley contain the largest fraction of
this component (up to 7-8%), and for common wheat
grain, the mass fraction of -glucan usually does not ex-
ceed 1%. For emmer grain, the same trend is observed as
for traditional wheat, the mass fraction of B-glucan in it is
at the level of 0.37-0.50% [18]. The mass fraction of
sugary substances in emmer is at the level of 2-3%,
which is also typical for traditional wheat [14]. The mass
fraction of dietary fiber in emmer grains, which is im-
portant for balanced human nutrition today, depending on
the variety and agro-climatic growing conditions, is not
significant and usually does not exceed 3% [20].

The mass fraction of micro and macroelements
in the chemical composition of emmer grain is represent-
ed by various elements that are necessary for maintaining
the normal functioning of all systems of the human body.
The chemical composition of emmer contains such ele-
ments as Fe, Li, Mg, P, Se, Zn, Ca, while their mass frac-
tion is greater than in traditional wheat grain [15, 16]

Vitamins are important microelements in the
chemical composition of grain, given their inability to
synthesize from other substances in the human body,

they must enter the body in dosed amounts with food.
Emmer contains in its composition all the vitamins char-
acteristic of traditional wheat grain, while the chemical
composition of emmer contains an increased fraction of
them. Also, emmer contains more bioactive compounds
than common wheat, such as phenolic acids [19]. Emmer
grains contain vitamin A, vitamins of group B and vita-
min E, which allows us to talk about the usefulness of
this grain in comparison with traditional wheat, and the
best antioxidant properties of emmer are associated with
the increased content of phenolic acids [19, 24, 25].

Results of the study and their discussion

Taking into account the significantly improved
chemical composition of emmer grain from traditional
wheat, it can be concluded that the use of this grain in
groats production is quite reasonable, but processing it
according to the existing even the most modernized ver-
sions of the classic technological scheme developed for
common wheat is not rational. The processing of emmer
grain, which is more useful in terms of chemical compo-
sition, into crushed groats "Poltavski” or "Artek” from
the regulated with the Rules of the management and or-
ganization of the technological process at grain factories,
will lead to the loss of the most important and important
components from the product and lead to a decrease in
potential of this grain and the unprofitability of its use in
the grain industry. Therefore, today it is necessary to
develop new technological schemes and justify the as-
sortment of groats products for this grain. Today, the
development of such solutions is at the first initial stage,
taking into account the lower prevalence of emmer com-
pared to the same wheat-spelt on the territory of our
country. Analysis of open sources shows that in our
country there are several possible options for processing
emmer into groats, flakes and flour, and there are also
solutions for processing wheat-spelt into groats, flakes
and flour. It is important to note that despite the certain
similarity between emmer and spelt, these are still sepa-
rate multi-directional crops. Spelt is characterized by a
softer grain similar to traditional soft wheat, which is not
intended for the production of groats products, namely
emmer is more similar to durum wheat, the grain of
which is recommended as one of the options for groats
production. That is, regardless of the fact that in the pro-
cessing of both crops they will be combined with dehull-
ing operation to release the valuable kernel, but it should
be noted that the modes used for dehulling spelt are soft-
er compared to emmer. And in addition, it can be noted
that spelt is potentially better used for the production of
higher-quality flakes, while emmer, due to its stronger
structure, would be a better raw material for whole
groats.

Considering the stage of emmer dehulling, it can
be noted that the hulls and kernels have not grown to-
gether over the entire surface, and their part in the grain
can reach 25-27%, that is, emmer dehulling can be car-
ried out using several options of traditional equipment at
once, which is typical for the vast majority of domestic
enterprises in the industry: roll huller, horizontal dehull-
er, impact dehuller.

Taking into account the fact that not one correct-
ly adjusted dehulling system does not give 100% of de-
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hulled grain, it is necessary to provide another adittion
system for dehulling. Sorting of dehulling products must
be carried out after each system with separation of hulled
and unhulled grain. This operation, taking into account
the sufficient difference in the dimensional characteris-
tics of the kernel and grain, can be carried out either on
sieves in the plansifter, or with the use of paddy ma-
chines (table separators), it is also possible to use triers at
this stage.

The separated kernel is a semi-finished product
that needs additional processing. It is advisable to direct
it to the peeling system, which will ensure the removal
from the surface of up to 1% of the components that are
difficult for the human body to absorb. Peeling is advisa-
ble to be carried out on machines with abrasive surfaces,
such as ZShN. Kernel after Peeling is a ready-made
groats from a whole grain; it is expedient to check it on
several aspiration systems for the presence of metallo-
magnetic impurities and can be sent to storage in bunkers
for end products or packaging.

Peeled the groats of emmer can be used for the
production of flakes or other assortment of flaked prod-
ucts. Considering the peculiarities of this grain, it is ad-
visable to moisten it before flaking in two stages. At the
first stage, using the cold conditioning method, bring the
groats to a moisture content of 16-18%, and at the second
stage, using the hot conditioning method, during steam-
ing in a periodic steamer under a steam pressure of 0.17-
0.20 MPa for 3-4 minutes, increase the humidity to 19-20
%. Groats prepared in this way can be flaked on a flaking
or roller machine and get flaked products with high
quality.

When processing emmer into groats, the total
yield of end whole groats can be obtained at the level of
traditional cereals from hulled cultures - up to 70%, and
flakes in relation to unprocessed grain 60-65%. That is, it
will not be possible to significantly increase the yield of
finished products during the processing of emmer, and
this is primarily explained by the filminess of this cul-
ture, but if compare the quality of the obtained products,
the advantage is clearly for products from emmer, which
is already a proven fact, for example in the countries of
the European Union where the demand for products
made from "original™ hulled wheat, including emmer, is
increasing every year. Our country has all the necessary
conditions for the development of this culture and in-
creasing the volume of its cultivation and processing into
food products, which in turn can increase the export po-
tential of our country not only in the form of raw materi-
als, but also products from it.

One of the modern ways of using emmer is the
production of cereal breakfasts, multi-grain flakes and
granola. Equipment for the production of which was de-
veloped by Buhler [26]. The implementation of devel-
oped technological solutions for the production of cereal
breakfasts, multi-grain cereals and granola produced on
the basis of emmer will allow not only to expand the ex-
isting range of products for balanced nutrition and to
introduce new raw materials in the form of emmer into
production, but also to increase the level of production,
ensuring flexibility when using the recommended Buhler
equipment, efficiency, durability and optimized use of
energy, which, together with a high level of automation

9

of the technological process, ensures reliability and con-
trol over production [26].

For the production of cereal breakfasts, multi-
grain cereals and granola, it is suggested to use grits as a
raw material. In the production of multi-cereal products
for mixing, it is recommended to use the Buhler Speed-
mix mixer (Fig. 1), which is capable of processing bulk
dry substances at a speed of up to 20 mixing cycles per
hour [26].

Fig. 1. Buhler Speedmix mixer

For flaking, it is recommended to use the Buhler
PolyFlake flaking machine (Fig. 2), which is specially
designed for the production of both single-component
classic cereal flakes and for flaking a multi-component
mixture in the production of multi-grain flakes, breakfast
cereals, granola, etc., while ensuring maximum efficien-
cy, energy saving and production safety products [26].

Fig. 2. Buhler PolyFlake flaking machine

Conclusions

The chemical composition of emmer is superior
to traditional wheat, therefore it is a promising raw mate-
rial for the domestic grain processing industry for the
creation of food products with increased biological value.
The peculiarity of emmer is the presence of hard floral
hulls on the surface of the kernel, which in traditional
wheat (naked grain) are removed during threshing, the
fraction of which, depending on the type of emmer
wheat, is 20-30%. In Ukraine, the regulated grain prod-
ucts of wheat grain processing are crushed groats "Pol-
tavski" and "Artek", the basic yield indicators of which
do not exceed 63%. The application of the existing tech-
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nological scheme and regimes of processing wheat into determination of technological features of grain of vari-

groats for hulled types of wheat is not possible and re- ous varieties and lines, which will allow to determine the
quires revision in the direction of improving the regimes most suitable for grain processing of the (food) branch of
of dehulling, peeling, water-heat treatment, etc. Imple- the variety and will allow to determine restrictions for

mentation of effective processing of emmer requires the groats and non-groats use.
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AYTEHTHUYHE 3EPHO INIIEHUIII - CUPOBHUHA IS CYYACHHUX
KPYIPSAHUX ITPOAYKTIB

AHoTanis

OpHi€ro i3 BOCBMH TPaAMLIIHUX KyJIbTYp siKa MOTpedye Meperisaay 0coOMUBOCTEH 11 mepepoOKH, aCOPTUMEHTY
MPOJYKIIT, SIKICHUX BJIACTHBOCTEH OTPUMaHHUX NPOAYKTIB € 3epHO nmeHuti. Posrnsaatoun [IpaBuna BeneHHs i opraHi-
3alil Ha KpyIl'sIHUX 3aBOJIaX MOJKHA BiI3HAYMTH II0 PEKOMEH/IOBAHOIO CUPOBHHOIO /ISl BUPOOHHIITBA KPYIl SIHUX MPO-
IYKTIiB € TBep/ia MIICHUI ITIepepoOKa SKOi T03BOJIAE OTPUMATH OCHOBHHH aCOPTUMEHT MIICHUYHHUX KpyIr: «llonTaBch-
Ki» Ta «ApTek». Ha chOTOAHINTHINA IeHh TBEpAl COPTHU IMIICHUII B HAIIIH KpaiHi BUPOIIYIOTECS B MalioMy 00’eMi B TIO-
PIBHSHHI i3 M’SIKOFO TIICHUIICIO SIKa MAPOKO BUKOPUCTOBYETHCS Y OOPOITHOMENFHOMY BUPOOHHUIITBI TOMY ITiIIPHUEMC-
TBa KPYII STHOI Tary3i y TaKUX yMOBaxX a00 IIOBHHHI IMIIOPTYBATH 3HA4YHI 00’ €MH TBEP0i MIICHHUII a00 BUKOPUCTOBYBa-
TH M’SIKy TIICHUIIO SK aJbTEPHATUBHUN BapiaHT, ajle BPaXxOBYIOYH OCOOIMBOCTI KPYII 110 BUPOOJISIOTHCS 1 TEXHOJIOT-
YHHUI TpoLeC AKUH mo0yI0BaHUH Imi OLIBII MillHE 3€PHO MepepoOKy M’ SIKOi MIIICHHIII B TAKMX YMOBAX i BAPOOHHIITBO 3
Hel noapiOHenoi kpynu tuny «llontaBchbkoi» Ta «ApTek» He MOKHa BBakaTu edektuBHOW0. KiouoBum dakropom
e(eKTUBHOCTI MepepoOKH M’SIKOT MIIEHUII B KPYI SHOMY BHPOOHHUITBI TaKOX € PI3HUIS Y XIMIYHOMY CKIJIaJi JBOX
THUIIIB MIIEHUIIb, IPH IKOMY M’SIKa IIIEHULS Ma€ O MPUKJIAJy MEHIIY MacoBY YacTKy OijKa B MOPIBHSHHI 13 TBEPJOIO,
10 HE JI03BOJISIE BUPOOJIATH 3 M’SIKOI MIIEHUI Cy4YacHI MPOAYKTH 30POBOTO 1 MOBHOLIHHOTO XapuyyBaHHs, [TOIUT Ha
SIKi 3 KO)KHHM POKOM TUIBKM 3pocTae B YKpaiHi Ta cBiti. BupimuTu nmpobiemu noB’s3aHi 3 epeKTHBHICTIO nepepoOKn
MIICHUI[ B HAII{ KpaiHi, a TAKOX 3HAYHO IiJBUIIUATH SKICHI MOKAa3HUKH TOTOBOT MPOIYKINI MOKHA IUISAXOM ITi{BHU-
IIEHHS PIBHS BIIPOBA/UKEHHS 3€pHA MOJIOW Yy BITYM3HSAHE KPYI'SHE BUPOOHHITBO. 3€pHO MOJOW BIIHOCHTHCS 10 HaM-
CTapiMuX MPHUPOIHIX (POPM MIIEHHUIII, XapaKTEPHOIO OCOOIUBICTIO SKOTO € HAasABHICTh JXOPCTKHUX KBITKOBHX IDTIBOK Ha
TIOBEPXHI 3€pHA SIKi He BUITyJarOTHCS TIPH HOro 0OMOJIOUYBAHHI a TAKOXK AJISI caMe IIbOTO TUIIBYACTOTO 3epHA XapaKTep-
Ha MiJBHUIIEHA MIIHICTb sIpa, 10 pOOUTH HOTO AOCTAaTHRO NMPHUAATHOIO KyJIbTYpOIO Ul BUPOOHHIITBA KPYII SIHUX ITPO-
IyKTiB. | Ha cbOro/HI 3epHO MOJI0M BXKE BUKOPHUCTOBYETHCS ajie B HE3HAYHMUX 00’ €Max sl BAPOOHUIITBA KPYII 1 YacT-
KOBO OopomrHa B Ykpaini. [lonba € ofHiero 3 HaiIaBHINIMX 3JIAKOBUX KYJIBTYD SIKE JIIOJACTBO BUKOPHCTOBYBAJIO JIJIs
xap4oBuX 1 kopMoBHX noTped. KynpTuByBanHs 1mos0u moyanocs npudausHo 10000-8000 pokiB 10 H.e. HA TEPUTOPISIX
npesHboro €runry, Meconoramii, Cupii, Ediomnii, a Takox iHmmx kpainax Aszii, [liBaiunoi Adpuxu i bauspkoro Cxo-
ny. Ha tepuropii Ykpainu mon0y BupoliiyBaiu 5-6 THC POKIB 10 H.e.

KirouoBi cioBa: xkpyn’ssHe BUPOOHHMITBO, M0J0a, XiMiYHMI cKJIaJl, XapyoBi MPOAYKTH, NMepepodka B
KPyINH, IUTIOLIEeHi MPOAYKTH, HOBITHE 001aTHAHHS.
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