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STUDY OF THE DEHULLING STAGE
OF HULLED WHEATS

Abstract

The article presents the results of a study on the effect of initial grain moisture content and dehulling duration on the effi-
ciency of floral hull separation in hulled wheats. The objects of the study were spelt cultivar Zoria Ukrainy, spelt samples of German
origin, spelt samples of Hungarian origin, and emmer wheat. Dehulling was carried out at an initial grain moisture content of 13-
17% and a treatment duration of 120-600 s. The technological efficiency of the process was evaluated by whole-kernel yield, residual
undehulled grain, the proportion of broken kernels, the yield of fine floury material, and the ratio of the main fractions of dehulling
products. It was established that the initial grain moisture content substantially affected the character of hull separation and the
degree of preservation of kernel integrity. For spelt cultivar Zoria Ukrainy at a moisture content of 13 %, the highest whole-kernel
yield was obtained at a treatment duration of 360 s, reaching 66.18-68.04 %, while the residual proportion of undehulled grain de-
creased to 1.04-1.88 %. Further extension of dehulling to 480-600 s caused an increase in the yield of broken kernels to 8.14-10.34%
and fine floury material to 4.24-5.72 %, indicating excessive action of the working zone of the processing equipment on already de-
hulled kernels. At a moisture content of 17 %, the whole-kernel yield for this cultivar increased to 65.88-67.92 %; however, the re-
sidual proportion of undehulled grain remained elevated and ranged from 7.18 to 18.44 %, depending on treatment duration. Spelt
samples of German origin were characterized by higher technological resistance of the kernel. At a moisture content of 13 %, the
maximum whole-kernel yield reached 70.04-71.46 % at a treatment duration of 360 s, whereas at a moisture content of 17 % it
reached 72.78-74.02 % already at 120 s. Spelt samples of Hungarian origin provided the best results among the studied spelt sam-
ples. At a moisture content of 13 %, the highest whole-kernel yield was 71.12-72.34 % at a treatment duration of 240 s, while at a
moisture content of 17 % it reached 74.02-75.16 % at 120 s, with a minimum yield of broken kernels of 1.42-1.68 % and fine floury
material of 0.62-0.82 %. In terms of whole-kernel preservation, emmer wheat was close to the high-vitreous spelt samples: at a mois-
ture content of 17 % and a treatment duration of 120 s, the whole-kernel yield was 71.96-73.28 %, while the yields of broken kernels
and fine floury material did not exceed 1.22-1.46 % and 0.52-0.66 %, respectively. At the same time, emmer wheat was characterized
by the highest residual proportion of undehulled grain, reaching 17.08-18.22 %, due to stronger adhesion of the floral hulls to the
caryopsis surface. The obtained results confirm that increasing moisture content to 15-17 % reduces kernel breakage but compli-
cates complete separation of the floral hulls. Increasing dehulling duration decreases the proportion of undehulled grain; however,
after an appropriate processing regime has been reached, it reduces whole-kernel yield because of an increase in the proportions of
broken kernels and fine floury material. The most important criteria for selecting a dehulling regime are vitreousness, hull content,
grain size, and initial moisture content. Spelt samples of Hungarian origin showed the highest suitability for groats production,
whereas emmer wheat requires more careful selection of grain preparation conditions because of its increased residual proportion
of undehulled grain.

Keywords: hulled wheats, spelt, emmer wheat, dehulling, whole kernel, undehulled grain, broken kernel, fine floury mate-
rial, vitreousness, hull content, groats production.

GRAIN, PROCESSING GRAIN: TECHNOLOGY AND QUALITY

Introduction

Hulled wheats belong to the group of ancient ce-
real crops that played an important role in the develop-
ment of agricultural systems in Europe and much of
Asia. Among them, emmer wheat (Triticum dicoccum)
and spelt wheat (Triticum spelta) should be distin-
guished. These species are characterized by a specific
morphological feature, namely the presence of floral
hulls, which, unlike in modern free-threshing wheats, are
not separated from the kernel during threshing but remain
tightly attached to it. As a result, after harvesting, the
grain requires an additional technological operation, de-
hulling [1, 2, 3, 4].

Historically, the cultivation of hulled wheats is as-
sociated with the earliest centers of agriculture in the
region of the modern Middle East. Archaeobotanical
studies indicate that the first cultivated forms of wheat
appeared in the region known as the Fertile Crescent ap-
proximately 10,000-12,000 years ago. In this region, hu-
mans began to select the most suitable plants, sow them
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near settlements, and gradually obtain forms that were
better adapted for food use and grain storage. Emmer
wheat has 28 chromosomes and originated from wild
emmer wheat, Triticum dicoccoides, whereas spelt is a
42-chromosome crop that arose as a result of natural hy-
bridization between tetraploid emmer-type forms and
wheats with a hexaploid genome [5, 6, 7, 8, 9].
Archaeological evidence shows that emmer wheat
began to be cultivated in the Fertile Crescent approxi-
mately 10,000-12,000 years ago. Grain remains found in
Early Neolithic settlements in Syria, Lebanon, and Israel
confirm its role in the diet of people of that period. Spelt
appeared later, in the third to second millennium BC, in
Central and South-Eastern Europe, particularly in the
pre-Alpine regions. Its tolerance to cold conditions and
relatively rapid maturation made it possible to obtain
harvests under mountainous growing conditions. In an-
cient Egypt and Mesopotamia, emmer wheat was an im-
portant food cereal. The landscape and climatic condi-
tions under which these crops developed determined their
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historical role in cereal production. Hulled wheats were
adapted to a wide range of growing conditions, which
contributed to their spread from foothill regions to the
lowland areas of Europe. Archaeological finds of spelt
and emmer wheat kernels in Bronze Age settlements in
the territories of modern Germany, Hungary, Italy, and
France indicate their significant role in the food systems
of ancient civilizations [5, 6, 10, 12].

During the medieval period, spelt was one of the
main cereal crops in Central Europe and an important
component of the agrarian economy. Historical sources
reflect its widespread use in human nutrition, particularly
in breadmaking and porridge preparation, which indi-
cates the persistent presence of this crop in the dietary
traditions of many peoples. At the same time, emmer
wheat, although less widespread in Western European
agricultural history, remained important in Mediterranean
regions, where it continued to be used as a traditional
cereal crop and as a basis of local diets [11, 12, 13].

Hulled wheats remained important crops over a
long historical period. They were widely cultivated long
before common wheat (Triticum aestivum L.) became
broadly distributed in agriculture. For a considerable
time, hulled wheat types constituted the basis of cereal
production in many ancient agricultural cultures. Only
with the development of breeding and the spread of more
productive wheat forms did their importance gradually
decline, although in some regions they continued to be
used as traditional cereal crops [4, 14].

In the nineteenth and twentieth centuries, the cul-
tivation area of hulled wheats decreased markedly in
many European countries. The main reason for this de-
cline was the spread of common wheat, which is charac-
terized by simpler post-harvest handling and higher grain
yield. Its grain is readily separated from the hulls during
threshing, which considerably simplifies the technologi-
cal process and reduces production costs. As a result,
spelt and emmer wheat were displaced from mainstream
agriculture and were preserved mainly in local produc-
tion systems of particular regions [4, 14, 15].

Since the late twentieth century, interest in ancient
cereal crops, including spelt and emmer wheat, has in-
creased worldwide. This process is associated with new
trends in human nutrition, characterized by increased
demand for traditional cereal crops. The development of
organic production has also played an important role. In
many European countries, spelt has become an important
component of organic farming systems. Emmer wheat
and spelt have begun to be cultivated for the production
of groats and specialty flours. Breeding programs are
aimed at improving yield, disease resistance, and the
technological properties of grain, which enables these
crops to be processed more efficiently under modern
production conditions [16, 17, 18].

Literary review

Global production of spelt and emmer wheat cur-
rently has a clearly niche character and remains substan-
tially lower than the production volumes of modern
common and durum wheat. However, it is characterized
by stable growing regions and well-defined applications
in the food industry. Spelt cultivation has shown a steady
upward trend in Central European countries. The largest

areas under this crop are concentrated in Germany, which
is one of the leading producers of spelt worldwide. Con-
siderable volumes of spelt production are also observed
in Switzerland, Austria, the Czech Republic, Poland, and
some regions of Italy. Italy is an important center of
hulled wheat production in Europe. In this country, em-
mer wheat has become widely established and is used for
the production of traditional food products. One of the
best-known products is farro, a cereal product obtained
after dehulling emmer wheat grain. This product is wide-
ly used in Mediterranean cuisine for soups, side dishes,
and cereal blends. In the United Kingdom, annual pro-
duction of wheat and spelt grain exceeded 14,000 thou-
sand tonnes in 2023; in Poland it amounted to more than
12,000 thousand tonnes, and in Romania to more than
10,000 thousand tonnes. This provides a basis for the
cultivation of both spelt and emmer wheat. Smaller but
stable production volumes are maintained in Italy, Bul-
garia, Hungary, and the Czech Republic, which have
traditions of cereal crop cultivation and prerequisites for
the production of hulled wheats and specialty products
within regional agricultural systems. In all European
countries, conventional wheats quantitatively predomi-
nate over hulled forms, which is reflected in the structure
of total cereal production and in the share of these coun-
tries in the total European harvest [12, 19, 20].

Outside Europe, the production of spelt and em-
mer wheat is much more limited. In North America, the
United States produces 12-15 thousand tonnes of spelt
and 3-4 thousand tonnes of emmer wheat annually, while
Canada produces 5-6 thousand tonnes and 1-2 thousand
tonnes, respectively. In other regions of the world, these
crops are grown locally and are mainly intended for do-
mestic markets. In the Andes, production amounts to 1-2
thousand tonnes of spelt and only several hundred tonnes
of emmer wheat; in North Africa, several thousand
tonnes of spelt and less than one thousand tonnes of em-
mer wheat are produced. Australia produces 3-4 thousand
tonnes of spelt and about 1 thousand tonnes of emmer
wheat; Asia produces 2-3 thousand tonnes and 0.5-1
thousand tonnes, respectively; and Central Asia produces
1-2 thousand tonnes of spelt and several hundred tonnes
of emmer wheat. The global market for these crops is
therefore shaped primarily within the European area,
whereas other regions play a secondary role [19].

Considering the wide range of applications, hulled
wheat grain is a valuable raw material for the food and
cereal-processing industries, supplementing conventional
raw materials and creating new opportunities for the pro-
duction of niche products. The integration of postharvest
handling schemes and comprehensive processing enables
producers to realize the potential of these crops under
modern industrial conditions. In the food systems of Eu-
ropean Union countries, spelt occupies an important po-
sition in the production of flour, groats, flakes, pasta
products, breakfast cereals, and specialty cereal-based
foods [20, 21].

One of the main applications of spelt grain is flour
production. Spelt flour is used in the baking industry for
the manufacture of a wide range of bakery products. In
Central European countries, particularly Germany and
Austria, a stable market has developed for bakery prod-
ucts made from spelt flour, including traditional breads,
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rolls, and sweet bakery products [20, 24].

Hulled wheat grain, particularly spelt, is widely
used for the production of groats-based products in Eu-
ropean food systems, including whole-kernel groats,
cracked groats, and flaked products for porridges, side
dishes, and related applications. Studies show that groats-
based products made from spelt grain have high quality
in terms of taste, aroma, and texture, which supports their
use in the food industry and household food preparation.
Optimization of dehulling, waterheat treatment, and other
postharvest processing operations makes it possible to
process hulled wheat grain effectively into a variety of
high-quality groats-based products. Products of this type
are used either as independent food products or as ingre-
dients in various dishes and are popular in modern diets
oriented toward healthy eating. Groats-based and other
products from ancient wheat grains, such as spelt, are
characterized by a high content of nutritionally valuable
components, including proteins, dietary fiber, and miner-
als, and may have potential sensory advantages compared
with modern cultivars [21, 22].

The largest production volumes of spelt groats are
concentrated in Germany, where annual production
reaches 180 thousand tonnes, and in Austria, where pro-
duction amounts to 45-50 thousand tonnes. Emmer wheat
groats are produced on a smaller scale, with Italy and
France together providing about 55 thousand tonnes of
this product. Spelt flakes represent a separate segment: in
Germany, Switzerland, and the Netherlands, their com-
bined production reaches 140-150 thousand tonnes, while
in the United States it is about 80 thousand tonnes. For
emmer wheat, this direction is less developed and
amounts to approximately 8-9 thousand tonnes within
Europe. Spelt-based muesli is most widespread in Euro-
pean Union countries, where its share is about 8-10 %,
corresponding to approximately 45 thousand tonnes per
year, whereas in the United States this figure is consider-
ably lower, about 4 %, or approximately 18 thousand
tonnes [13, 22].

Spelt pasta products constitute a separate segment
of the cereal products market. In European Union coun-
tries, they are produced in both mass-market and premi-
um segments, indicating a diversity of consumer prefer-
ences. Such products are manufactured less frequently,
and their share is 2-3 %, whereas emmer wheat may be
used in blends at levels of up to 30 %. In Europe, approx-
imately 450-500 thousand tonnes of spelt and emmer
wheat flour are produced annually, corresponding to only
0.4-0.5 % of total wheat flour production. Approximately
45 % of this output is used for breadmaking, 35 % for
confectionery products, 10 % for pasta products, while
the remainder is used for other products or sold through
retail chains [23, 24].

Spelt wheat is also used in brewing. Some brewer-
ies use its grain together with conventional cereals to
produce beer with distinctive sensory characteristics.
Brewing with spelt has historical roots, but under modern
conditions it also appeals to consumers who value tradi-
tional and craft products [25].

In the field of dietary food products, hulled wheat
grain is used to develop products with increased levels of
dietary fiber and bioactive compounds. This creates addi-
tional value in the final product and determines demand
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for this type of raw material among producers [16, 20].

The production of specialty foods, such as cereal
mixtures for infant nutrition, ready-to-eat breakfast cere-
als, energy bars, and other product formats, also involves
the use of spelt and emmer wheat grain as ingredients
[16, 20].

Formulation of the problem

In Ukraine, emmer wheat has been known since
the Neolithic period. In the fifth to fourth millennia BC,
it was cultivated in Podillia, VVolyn, the central regions,
and the Carpathians together with barley and free-
threshing wheat to ensure a reliable food supply. Spelt
was historically distributed mainly in the mountainous
and foothill areas of Transcarpathia, the Precarpathian
region, and Volyn. In the Middle Ages, emmer wheat
remained an important crop on low-fertility soils of the
Dnipro region, the Left Bank, and Podillia, whereas spelt
was cultivated in the Carpathians. From the nineteenth
century to the middle of the twentieth century, the culti-
vation areas of both crops declined because of the spread
of intensive cultivars of free-threshing wheat; however,
they persisted in areas where other cereals did not pro-
vide reliable yields. Interest in hulled wheats in Ukraine
began to increase actively at the beginning of the twenty-
first century. Spelt and emmer wheat grain is considered
a promising raw material for the production of various
cereal-based products, including groats and flour [1, 26,
27, 28].

In Ukraine, emmer wheat and spelt belong to
niche cereal crops with relatively stable production vol-
umes. According to preliminary estimates, emmer wheat
accounts for the larger share, 60-65 %, whereas spelt
accounts for 35-40 %. The approximate production vol-
ume of emmer wheat ranges from 12 to 25 thousand
tonnes, and that of spelt from 8 to 15 thousand tonnes.
The leading regions for emmer wheat cultivation are Pol-
tava, Cherkasy, Kirovohrad, and Vinnytsia oblasts. In
Ukraine, spelt is grown in the same regions, but in small-
er volumes [28, 29].

In Ukraine, breeding work with emmer wheat and
spelt has a shorter history than that of other cereal and
legume crops; nevertheless, it has been carried out sys-
tematically for several decades within scientific programs
aimed at studying and conserving cereal genetic re-
sources and developing cultivars adapted to current
agroecological conditions. The leading scientific center
for emmer wheat breeding in Ukraine is the V. Ya.
Yuriev Institute of Plant Production of the National
Academy of Agrarian Sciences of Ukraine. This institute
holds the main collections of initial breeding material,
conducts studies of morphological, biological, and eco-
nomically valuable traits, and implements programs for
the development of new cultivars suitable for cultivation
in different soil and climatic zones of the country [28,
30].

Several emmer wheat cultivars have been devel-
oped and registered at the V. Ya. Yuriev Institute of Plant
Production, reflecting different stages in the development
of breeding approaches: Holikovska, entered into the
State Register in 2015; Romanivska, registered in 2016;
Yunika, entered into the Register in 2020; and Antares,
registered in 2021. One of the key centers for spelt breed-
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ing in Ukraine is the Bila Tserkva Experimental Breeding
Station of the Institute of Bioenergy Crops and Sugar
Beet of the National Academy of Agrarian Sciences of
Ukraine. Within the research programs of this institution,
systematic work is carried out on the breeding and evalu-
ation of initial material, the study of morphological and
biological features of plants, and the development of cul-
tivars adapted to experimental and production sowings.
This work resulted in the development of the cultivars
Vyshyvanka Bilotserkivska and Evrika, entered into the
State Register in 2020. These cultivars are considered not
only as materials for production use but also as initial
material for further breeding programs [30].

At the same time, spelt breeding is also carried
out at the All-Ukrainian Scientific Institute of Breeding,
where the cultivars Zoria Ukrainy (2012) and Yevropa
(2015) were developed. The introduction of foreign cul-
tivars, such as Attergauer Dinkel (2019) and Mv Marton-
gold (2022), makes it possible to evaluate their adapta-
tion and performance stability under Ukrainian condi-
tions [30].

Spelt breeding in Ukraine is at a stage of active
scientific development and is characterized by a combi-
nation of national breeding achievements and the use of
foreign experience. The presence of several breeding
centers, registered domestic and foreign cultivars, and
accumulated experimental material creates conditions for
further systematic study of this crop and its use in scien-
tific and specialized areas of agricultural production [28,
30].

In Ukraine, total groats production over the past
10 years has ranged from 262 to 415 thousand tonnes.
Among these products, groats-based products from em-
mer wheat and spelt occupy a small niche segment, con-
tributing to a traditional product range that includes
whole-kernel groats, cracked-kernel groats, flakes, cereal
flour, muesli, cereal bars, and breakfast products [21, 22,
29].

In Ukraine, the processing of emmer wheat and
spelt into groats-based products remains fragmented and
unsystematic. Despite the availability of registered culti-
vars and the potential of these crops, their use is limited
to isolated production batches. The main factor is the
absence of regulatory documents and standards that
would take into account the specific physicochemical and
anatomical characteristics of hulled grain. For free-
threshing wheat cultivars, generally accepted grain quali-
ty requirements have been established, including limits
for test weight, thousand-kernel weight, protein and glu-
ten content, and processing schemes have been devel-
oped. However, such standards are practically absent for
emmer wheat and spelt. This creates conditions in which
grain enters production without a clear understanding of
its technological behavior and the potential quality of the
final product [3, 4, 21].

The lack of regulatory control is already evident at
the stage of grain assessment. Parameters such as test
weight, hull content, thousand-kernel weight, and the
protein-to-gluten ratio have no established limits for
hulled wheat forms. This complicates prediction of pro-
cessing results and creates considerable risks in terms of
product yield and quality. For industrial enterprises, the
absence of such standards means that grain with different

physicochemical properties is processed under identical
conditions, resulting in instability of final products even
within a single production process [3, 4, 21].

The anatomical characteristics of hulled grain
have a substantial effect on its processing. The floral
hulls of emmer wheat and spelt are strongly attached to
the kernel and create a complex morphological structure
that determines grain behavior during subsequent techno-
logical operations. Compared with conventional free-
threshing wheat, the specific feature of hulled wheat pro-
cessing is the obligatory dehulling stage followed by
separation of dehulling products, which increases the
duration of the technological cycle and raises its energy
demand [3, 4, 21].

At the same time, hulled wheats have a number of
important advantages that compensate for these techno-
logical complications. These include a more balanced
amino acid composition of proteins, an increased protein
mass fraction, and a higher content of microelements,
macroelements, and vitamins in grain and its processed
products. The gluten of hulled wheats has specific struc-
tural properties that determine its better digestibility and
lower irritating effect. This is important for consumers
with increased sensitivity to wheat proteins; therefore,
products obtained from such grain may be considered as
raw materials for specialized and dietary foods [13, 16,
20].

One of the problems is the instability of groats
yield. Grain with different properties is processed under
the same regimes, which leads to changes in the structure
and quality of the finished product. As a result, non-
standardized and uneven yields of whole-kernel frac-
tions, broken kernels, and the fine floury fraction are
observed. The absence of unified limits for processing
regimes complicates prediction of product yield and
composition, making product quality inconsistent even
when homogeneous grain lots are processed. Reproduci-
bility of results is a key issue for the integration of em-
mer wheat and spelt into groats production. Unstable
grain properties complicate process control, lead to un-
predictable composition of groats-based products, and
limit the possibilities for production planning, product
range development, and prediction of economic indica-
tors. As a result, enterprises avoid using hulled wheat
forms in large volumes and focus on conventional free-
threshing cultivars, for which standards have been estab-
lished and technological behavior is better understood
[21, 22].

Expansion of the raw material base for groats
production through the use of hulled wheats, particularly
the spelt and emmer wheat cultivars available in Ukraine,
requires reconsideration of traditional technological ap-
proaches developed for the processing of free-threshing
crops. A specific feature of hulled wheats is the presence
of tightly adherent floral hulls, which form a complex
multilayer hull system closely associated with the kernel
surface. Unlike free-threshing wheat cultivars, in which
rigid floral hulls are removed during harvesting, in spelt
and emmer wheat they are not separated from the cary-
opsis by an air space but remain in close contact with its
surface throughout the entire period of development.
During grain development, this contact becomes stronger
because of compaction of the layers and a decrease in
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moisture content, as a result of which the hulls adhere
tightly to the kernel. The caryopsis surface is not perfect-
ly smooth: it has micro-irregularities, a crease, and areas
of different curvature. The floral hulls follow this relief
and tightly cover it. Consequently, the contact between
the hulls and the grain surface is not point contact but
area contact distributed over the entire caryopsis surface
[3, 4, 21].

The continuous character of contact between the
floral hulls and the caryopsis surface in hulled wheats
determines a fundamentally different mechanism of their
separation compared with free-threshing crops. The ab-
sence of a clear separation boundary means that disrup-
tion of the bond between the hulls and the caryopsis is
possible only through the gradual weakening of numer-
ous microcontacts evenly distributed over the entire sur-
face. Under such conditions, dehulling efficiency is de-
termined not so much by the magnitude of the applied
mechanical load as by the correspondence between the
physicomechanical state of the grain and the conditions
required for selective hull removal while preserving ker-
nel integrity [3, 4, 21].

In this regard, dehulling is considered an obligato-
ry stage of the technological process; however, its effi-
ciency directly depends on preliminary grain preparation.
The key parameter of this preparation is moisture con-
tent, which determines the deformation properties of the
hulls and inner layers of the caryopsis. Changes in mois-
ture content alter the relationship between strength, brit-
tleness, and plasticity of these structures, which affects
the nature of mechanical action on the kernel [3, 4, 15,
21].

At insufficient moisture content, the hulls are
characterized by increased brittleness, which facilitates
their removal. However, at the same time, the brittleness
of the endosperm increases. As a result, the process loses
its selective character and is accompanied by intensive
production of broken kernels and fine floury material. At
increased moisture content, the hulls shift to a more plas-
tic state and are able to deform, which complicates their
separation even under conditions of increased mechanical
loading [3, 4, 15, 21].

Analysis of existing dehulling methods makes it
possible to distinguish several fundamentally different
approaches: single or repeated impact, compression and
shear, and intensive abrasion of the hulls. Technological
equipment based on the impact method removes hulls
through single or repeated impact of the grain against
working surfaces. For crops with relatively weak hull
adhesion, this method is effective; however, for spelt and
emmer wheat, its use is accompanied by excessive kernel
breakage, especially at low moisture content. The reason
is the high local concentration of stresses during impact,
which exceeds the strength limit of the endosperm [3, 4,
21].

Technological equipment based on compression
and shear operates according to the principle of grain
deformation between working elements and provides a
more uniform distribution of load. However, for dehull-
ing hulled wheats, this method is relatively ineffective
because the hulls are not separated but only partially de-
formed together with the kernel. At increased moisture
content, this effect becomes stronger because of the
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greater plasticity of the hull layers [3, 4, 21].

The essence of dehulling by intensive abrasion is
the gradual removal of hull layers through friction of the
grain against an abrasive surface and through interkernel
friction. Unlike impact effects, this method does not in-
volve sharp peak loads, and the destruction of hulls is
more controlled. This creates prerequisites for preserving
kernel integrity even at considerable processing intensity
[3, 4, 21].

The effect of grain moisture content on the effi-
ciency of this method is manifested through changes in
the coefficient of friction and the mechanical strength of
the hulls. At insufficient moisture content, the hulls are
readily destroyed; however, the abrasion intensity of the
kernel also increases, which leads to an increased yield of
fine floury material. At excessive moisture content, the
hulls become resistant to abrasion, and their removal
requires an increase in processing duration or treatment
intensity, which adversely affects preservation of kernel
integrity [3, 4, 15, 21].

The optimal moisture range for dehulling by in-
tensive abrasion is determined by the relationship be-
tween hull strength and kernel plasticity. Within this
range, the hulls are sufficiently weakened for effective
abrasion, while the kernel retains the ability to undergo
elastic deformation and does not break under abrasive
forces. Moisture conditioning helps weaken the bonds
between the hulls and the kernel, thereby facilitating their
separation, whereas controlled moisture content prevents
excessive softening of the hulls. As a result, more com-
plete hull removal is achieved while maintaining a high
yield of whole kernels. Achieving such a grain condition
requires precise control of the moistening and tempering
stages, which justifies the need for detailed studies [3, 4,
15, 21].

The use of intensive hull abrasion is the most ap-
propriate dehulling method for hulled wheats because it
combines efficient hull removal with minimization of
kernel losses. Its advantages are realized most fully under
conditions of preliminary adjustment of grain moisture
content, which provides the optimal balance between hull
strength and endosperm plasticity [3, 4, 21].

Materials and methods

The aim of the study was to analyze the effect of
the initial moisture content of spelt grain, including the
cultivar Zoria Ukrainy, spelt samples of German and
Hungarian origin, and emmer wheat from the 2022-2024
harvests, on the yield of whole kernels during dehulling
by intensive hull abrasion. To determine the effect of
grain moisture content on process efficiency, cleaned
grain of the studied spelt and emmer wheat samples, free
from characteristic impurities, with an initial moisture
content of 13 %, was used. To establish the effect of ini-
tial moisture content on whole-kernel yield during de-
hulling, the samples were additionally conditioned to 15
and 17 %. To ensure uniform moisture distribution
throughout the grain mass, the grain was tempered for 3-
6 h, which promoted moisture equilibration between the
hulls and the inner parts of the caryopsis.

The dehulling stage was studied using an OlisLab
3100 laboratory dehuller, a laboratory dehulling-
polishing machine that makes it possible to reproduce the
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mechanical action typical of an industrial process. Grain
samples with different moisture contents were dehulled
for 120, 240, 360, 480, and 600 s, which made it possible
to trace changes in the intensity of hull separation de-
pending on treatment duration and grain moisture con-
tent.

The mixture of dehulling products was directed to
sorting in an OlisLab 1100 laboratory plansifter, during
which fine floury material and broken kernel particles
were removed. The products were then treated in an aspi-
ration column to separate the hulls. This sequence of
operations ensured clear fraction separation and allowed
an objective assessment of process efficiency. The tech-
nological efficiency of dehulling was determined by the
total yield of whole kernels, which was used as an inte-
grated indicator of process quality and the degree of
preservation of kernel integrity depending on grain mois-
ture content and treatment duration.

Results of the study and their discussion

The summarized results of the study on the effect
of initial grain moisture content on whole-kernel yield
during dehulling of the investigated samples are present-
ed in Table 1. The dehulling efficiency of hulled wheats
depended substantially on the initial moisture content of
the grain, treatment duration, and the physicotechnologi-
cal properties of the studied samples. The ratio of dehull-
ing product fractions was most strongly affected by hull
content, vitreousness, grain size, and the strength of ad-
hesion between the floral hulls and the surface layers of
the kernel. Under identical processing conditions, the
studied samples differed considerably in whole-kernel

yield, residual undehulled grain, broken kernels, and fine
floury material. The structural properties of each particu-
lar grain lot should be taken into account, since the same
treatment intensity may ensure either effective separation
of the floral hulls or excessive breakage of already de-
hulled kernels.

For spelt grain of the cultivar Zoria Ukrainy at an
initial moisture content of 13 % and a dehulling duration
of 120 s, the whole-kernel yield was 58.94-60.86 %. The
proportion of undehulled grain reached 12.84-14.02 %,
indicating insufficient intensity of floral hull separation
at a short treatment duration. Low grain moisture content
increased the brittleness of the hulls but did not ensure
their complete and uniform separation from the kernel.
The yield of broken kernels ranged from 4.26 to 4.72 %,
while the yield of fine floury material was 2.04-2.32 %.
At the initial stage of dehulling, the mechanical action
was insufficient for complete removal of the floral hulls,
but it already caused partial disruption of the integrity of
individual kernels.

Increasing the dehulling duration to 240 s in-
creased the whole-kernel yield of spelt cultivar Zoria
Ukrainy to 63.84-65.72 %. At the same time, the propor-
tion of undehulled grain decreased to 6.82-7.88 %. This
indicates activation of the floral hull separation process
due to prolonged contact of the grain with the working
surfaces of the processing equipment. However, the in-
crease in treatment intensity was accompanied by an in-
crease in the yield of broken kernels to 5.18-5.76 % and
fine floury material to 2.62-2.94 %. This change in the
ratio of product fractions was associated with the rela-
tively low vitreousness of the cultivar Zoria Ukrainy,

Table 1 — Whole-kernel yield of the studied hulled wheat samples depending on grain moisture content

and dehulling duration, %

© “3epuoBi mpoaykTH i KOMOiKOopMI”’, 2026

Sample EIRTIRS 120's 240's 360's 480's 600's
content, %
Sfjg ;g;'a 13 58,04-60,86 | 63,84-6572 | 66,18-68,04 | 64,84-66,62 | 63,26-65,08
Spet ;ﬁ;‘a 15 62,24-63,94 | 63426518 | 63,88-6574 | 64,22-6596 | 63,34-6506
S‘fﬁg ;ﬁ;‘a 17 65,88-67,16 | 66,18-67,66 | 66,42-67,92 || 65.74-67,22 | 64,88-66,34
Spelt of Ger- 13 67,06-6848 | 69,74-7096 | 70,04-71,46 | 68,98-7046 | 67,72-69,24
man orlgln
Spelt of Ger- 15 70,18-71.34 | 69,54-71.02 | 68.74-7022 | 67.92-69.38 | 67,02-68.48
man orlgln
Spelt of Ger- 17 72.78-74.02 | 72127354 | 71.44-72.86 | 70.62-72,04 | 69.68-71,14
man orlgln
Spelt of Hun- 13 69.24-7052 | 71,12-72,34 | 70.28-71,76 | 69,22-70,64 | 68,04-69,48
garian origin
Spelt of Hun- 15 71.26-72,42 | 7058-71,92 | 69.72-71,08 | 68,86-70,24 | 67,94-6932
garian origin
Spelt of Hun- 17 74,02-7516 | 73,32-74.62 | 72.56-73,.88 | 71.68-73,06 | 70,62-72,02
garlan orlgln
Emmer wheat 13 67,38-68.94 | 68,14-6968 | 67,46-68,96 | 66,52-68,02 | 65,46-6698
Emmer wheat 15 69.28-70,76 | 68,62-7012 | 67.78-69.22 | 66,86-6834 | 6592-67.38
Emmer wheat 17 71.96-73.28 | 71,22-72.58 | 70.38-71,78 | 69,42-7082 | 68.22-69.64
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which was 41-44 %. Lower vitreousness resulted in low-
er kernel density; therefore, the kernel lost its integrity
more rapidly during dehulling.

The highest whole-kernel yield for spelt cultivar
Zoria Ukrainy at a moisture content of 13 % was ob-
served at a treatment duration of 360 s. Under this re-
gime, the value reached 66.18-68.04 %, while the propor-
tion of undehulled grain decreased to 1.04-1.88 %. This
level of residual undehulled grain indicates almost com-
plete separation of the floral hulls. At the same time, fur-
ther intensification of the action of the processing equip-
ment was reflected in an increase in the yield of broken
kernels to 6.74-7.36 % and fine floury material to 3.48-
3.86 %. The proportion of floral hulls in the mixture of
products after dehulling approached the initial hull con-
tent of the studied samples and amounted to 24.86-
26.18%. Thus, the 360 s treatment at a moisture content
of 13 % can be considered a regime that ensures suffi-
cient separation of the floral hulls, although it is already
accompanied by noticeable kernel damage.

Further extension of the dehulling duration to 480
and 600 s reduced the technological efficiency of the
process. At a treatment duration of 480 s, the proportion
of undehulled grain decreased to 0.58-1.18 %, and at
600s to 0.28-0.84 %. However, this decrease was not
accompanied by an improvement in whole-kernel yield.
On the contrary, the yield of broken kernels increased to
8.14-8.92 % at 480 s and to 9.48-10.34 % at 600 s. The
yield of fine floury material also increased to 4.24-4.82%
and 5.08-5.72 %, respectively. This indicates a shift in
the main action of the processing equipment from separa-
tion of the floral hulls to disruption of the surface layers
of already dehulled kernels. Under such conditions, abra-
sion of the pericarp, aleurone layer, and peripheral parts
of the endosperm increases, which leads to a decrease in
whole-kernel yield and an increase in the amount of fine
fractions.

Increasing the initial moisture content of spelt
grain of the cultivar Zoria Ukrainy to 15 % changed the
character of dehulling. At a treatment duration of 120 s,
the whole-kernel yield increased to 62.24-63.94 %,
which was 2-3 % higher than the values obtained under
the same regime at 13 % moisture content. This can be
explained by the increased plasticity of the kernel, which
improved its resistance to breakage. At the same time,
the proportion of undehulled grain increased to 14.36-
15.76 %, because the moistened floral hulls became more
plastic and were separated less readily from the surface
of the caryopsis. The yield of broken kernels decreased to
3.34-3.86 %, and the yield of fine floury material de-
creased to 1.62-1.94 %, confirming the positive effect of
moisture conditioning on the preservation of kernel in-
tegrity.

At a moisture content of 15 % and a treatment du-
ration of 240 s, the whole-kernel yield was 63.42-
65.18%. Extending dehulling to 360 s resulted in only a
slight increase in this value, to 63.88-65.74 %. During
this period, the proportion of undehulled grain decreased
from 9.18-10.38 % to 4.12-5.18 %. These results show
that, at increased moisture content, separation of the flo-
ral hulls proceeds more slowly than at 13 % moisture
content. At the same time, the yield of broken kernels
was lower, indicating reduced kernel brittleness after
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moisture conditioning. The maximum whole-kernel yield
at 15 % moisture content was obtained at a treatment
duration of 480 s. It amounted to 64.22-65.96 %, with
residual undehulled grain of 1.02-1.76 %. Further exten-
sion of the treatment duration to 600 s worsened the ratio
of fractions due to increased breakage of already de-
hulled kernels.

At a moisture content of 17 %, a different rela-
tionship was observed between dehulling duration and
the ratio of processed product fractions. Already at a
treatment duration of 120 s, the whole-kernel yield of
spelt cultivar Zoria Ukrainy was 65.88-67.16 %. This
was one of the highest values for this cultivar. The in-
creased moisture content provided greater kernel plastici-
ty; therefore, the yield of broken kernels decreased to
2.42-2.82 %, and the vyield of fine floury material de-
creased to 1.06-1.28 %. However, the proportion of un-
dehulled grain under this regime was the highest and
amounted to 17.04-18.44 %. Thus, a moisture content of
17 % substantially reduced kernel damage, but at the
same time hindered separation of the floral hulls.

At a treatment duration of 240 s, the whole-kernel
yield at 17 % moisture content ranged from 66.18 to
67.66 %. Extending the treatment to 360 s resulted in a
slight increase in this value, to 66.42-67.92 %. At the
same time, the residual proportion of undehulled grain
remained considerable. At 240 s, it was 12.36-13.76 %,
and at 360 s it decreased to 7.18-8.04 %. This indicates
gradual but uneven separation of the floral hulls from the
kernel. Further extension of the treatment duration to 480
and 600 s caused a decrease in whole-kernel yield to
65.74-67.22 % and 64.88-66.34 %, respectively. At the
same time, the proportions of broken kernels and fine
floury material increased. For spelt cultivar Zoria
Ukrainy, increasing the moisture content to 17 % reduced
kernel breakage but did not ensure sufficiently complete
separation of the floral hulls at short treatment durations.

Spelt samples of German origin differed from the
cultivar Zoria Ukrainy by higher vitreousness and lower
hull content. These characteristics substantially affected
the ratio of dehulling product fractions. At a moisture
content of 13 % and a treatment duration of 120 s, the
whole-kernel yield was 67.06-68.48 %, which was 6-8 %
higher than the corresponding values for the cultivar
Zoria Ukrainy. The higher whole-kernel yield can be
explained by the lower hull content of the spelt samples
of German origin, which ranged from 21 to 24 %, where-
as in the cultivar Zoria Ukrainy it was 25-28 %. An addi-
tional factor was the higher grain vitreousness, which
increased kernel resistance to breakage. This was indicat-
ed by the lower yield of broken kernels, 3.28-3.72 %, and
the low yield of fine floury material, 1.58-1.92 %.

At a treatment duration of 240 s, the whole-kernel
yield in the spelt samples of German origin increased to
69.74-70.96 %, while the residual proportion of unde-
hulled grain decreased to 5.76-6.64 %. At 13 % moisture
content, the maximum value was reached at a treatment
duration of 360 s and amounted to 70.04-71.46 %. The
proportion of undehulled grain decreased to 1.06-1.82 %,
indicating almost complete separation of the floral hulls.
The yield of broken kernels was 5.38-5.92 %, which was
1-1.5 % lower than that of spelt cultivar Zoria Ukrainy
under the same conditions. The obtained results confirm
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that increased vitreousness contributes to the preservation
of kernel integrity even under intensive treatment.

Further extension of the dehulling duration to 480
and 600 s caused a decrease in whole-kernel yield in the
spelt samples of German origin to 68.98-70.46 % and
67.72-69.24 %, respectively. At the same time, the pro-
portions of broken kernels and fine floury material in-
creased, although the overall level of damage remained
lower than that observed for the cultivar Zoria Ukrainy.
This means that the transition from separation of the flo-
ral hulls to more intensive action on the surface layers of
already dehulled kernels occurred later and less inten-
sively in the spelt samples of German origin.

Increasing the moisture content of the spelt sam-
ples of German origin to 15 % ensured the maximum
whole-kernel yield already at a treatment duration of
120s. Under this regime, it amounted to 70.18-71.34 %.
The residual proportion of undehulled grain ranged from
13.36 to 14.54 %, the yield of broken kernels was 2.54-
2.92 %, and the yield of fine floury material did not ex-
ceed 1.18-1.48 %. With increasing dehulling duration
from 240 to 600 s, the whole-kernel yield gradually de-
creased, although the proportion of undehulled grain also
declined. Therefore, for the spelt samples of German
origin at 15 % moisture content, the best conditions for
preserving whole kernels were achieved already at the
initial stage of dehulling. Further treatment improved
separation of the floral hulls but simultaneously in-
creased losses due to higher proportions of broken ker-
nels and fine floury material.

At a moisture content of 17 %, the whole-kernel
yield of the spelt samples of German origin increased
under all studied treatment regimes. The highest value
was obtained at a treatment duration of 120 s, when the
whole-kernel yield was 72.78-74.02 %. The residual pro-
portion of undehulled grain under this regime ranged
from 16.14 to 17.26 %. At the same time, the yield of
broken kernels decreased to 1.82-2.12 %, and the yield of
fine floury material decreased to 0.84-1.06 %. The com-
bination of increased moisture content with a vitreous
kernel structure contributed to better preservation of ker-
nel integrity during dehulling. As the treatment duration
increased from 240 to 600 s, the whole-kernel yield
gradually decreased and, at the end of this interval,
amounted to 69.68-71.14 %. However, even under these
conditions, it remained higher than that of spelt cultivar
Zoria Ukrainy.

Spelt samples of Hungarian origin were character-
ized by the highest technological efficiency among the
studied spelt samples. At a moisture content of 13 % and
a dehulling duration of 120 s, the whole-kernel yield was
69.24-70.52 %. Compared with the spelt samples of
German origin, this value was approximately 2 % higher,
while compared with spelt cultivar Zoria Ukrainy, the
advantage was about 10 %. The proportion of undehulled
grain ranged from 11.38 to 12.34 %. The yield of broken
kernels was the lowest among the studied samples and
amounted to 2.82-3.18 %, while the yield of fine floury
material did not exceed 1.24-1.54 %. These results can be
explained by the higher vitreousness of the grain, owing
to which the kernel better maintained its integrity during
dehulling.

At a treatment duration of 240 s, the whole-kernel
yield in the spelt samples of Hungarian origin increased
to 71.12-72.34 %. This was the maximum value among
all studied spelt samples at a moisture content of 13 %.
The residual proportion of undehulled grain decreased to
5.58-6.34 %, while the yield of broken kernels was 3.54-
3.94 %. The higher process efficiency for the spelt sam-
ples of Hungarian origin can be explained by the combi-
nation of lower hull content, higher vitreousness, and
larger grain size. These properties promoted more inten-
sive separation of the floral hulls with less kernel break-
age.

At a treatment duration of 360 s, the whole-kernel
yield in the spelt samples of Hungarian origin was 70.28-
71.76 %, while the proportion of undehulled grain de-
creased to 0.92-1.54 %. This indicates almost complete
separation of the floral hulls. Further extension of the
dehulling duration to 480 and 600 s caused a decrease in
whole-kernel yield to 69.22-70.64 % and 68.04-69.48 %,
respectively. However, even under prolonged treatment,
the level of kernel damage remained lower than that ob-
served for the other studied spelt samples.

When the initial moisture content of the spelt
samples of Hungarian origin was increased to 15 %, the
whole-kernel yield at a treatment duration of 120 s was
71.26-72.42 %. This was approximately 1 % higher than
the values obtained for the spelt samples of German
origin under the same conditions. The residual proportion
of undehulled grain ranged from 12.78 to 13.76 %, the
yield of broken kernels was 2.08-2.42 %, and the yield of
fine floury material did not exceed 0.94-1.18 %. The
lowest level of fine floury material among the studied
samples indicates high structural resistance of the grain
of Hungarian origin. With further extension of the de-
hulling duration, the whole-kernel yield gradually de-
creased, although the proportion of broken kernels re-
mained minimal compared with the other spelt samples.

At a moisture content of 17 %, the spelt samples
of Hungarian origin provided the highest whole-kernel
yield among all studied samples. At a dehulling duration
of 120 s, this value was 74.02-75.16 %. The proportion
of undehulled grain ranged from 15.76 to 16.84 %. The
yield of broken kernels decreased to 1.42-1.68 %, and the
yield of fine floury material decreased to 0.62-0.82 %.
These results indicate the high efficiency of using more
vitreous and dense grain in groats production. When the
dehulling duration was increased to 240 s, the whole-
kernel yield decreased to 73.32-74.62 %. At a treatment
duration of 360 s, it was 72.56-73.88 %. Further exten-
sion of treatment to 480 s reduced the whole-kernel yield
to 71.68-73.06 %, and at 600 s it amounted to 70.62-
72.02 %. Despite the gradual decrease in this value, the
spelt samples of Hungarian origin maintained an ad-
vantage over the spelt samples of German origin and
cultivar Zoria Ukrainy.

Emmer wheat, unlike spelt, belongs to another
genetic group of hulled wheats. The studied samples
were characterized by a hull content of 24-27 %, vitre-
ousness of 59-63 %, test weight of undehulled grain of
418-423 g/L, and thousand-kernel weight of 68-72 g. The
high vitreousness of emmer wheat made it similar to the
spelt samples of Hungarian origin; however, the kernel

ISSN 2313-478X (print), ISSN 2411-3921 (online)



Grain Products and Mixed Fodder’s, Vol.26, 1.2 (102) / 2026

structure differed in technological properties, which is
associated with the specific features of the protein com-
plex.

At a moisture content of 13 % and a dehulling du-
ration of 120 s, the whole-kernel yield of emmer wheat
was 67.38-68.94 %. This was 8-9 % higher than the val-
ues obtained for cultivar Zoria Ukrainy, but 1-2 % lower
than those for the spelt samples of Hungarian origin. The
residual proportion of undehulled grain ranged from
13.76 to 14.84 %, which was the highest value among
samples with similar vitreousness. This result is associat-
ed with stronger adhesion of the floral hulls to the grain
surface. At a treatment duration of 240 s, the whole-
kernel yield of emmer wheat increased to 68.14-69.68 %,
while the proportion of undehulled grain decreased to
8.68-9.74 %. Compared with the spelt samples of Hun-
garian origin, emmer wheat had a lower whole-kernel
yield and a higher residual proportion of undehulled
grain, which can be explained by its higher hull content
and stronger adhesion of the floral hulls to the kernel.

At a dehulling duration of 360 s, the whole-kernel
yield of emmer wheat was 67.46-68.96 %. Further exten-
sion of the treatment duration to 600 s caused this value
to decrease to 65.46-66.98 %. At the same time, the yield
of broken kernels increased from 4.34-4.78 % to 6.04-
6.58 %, and the yield of fine floury material increased
from 1.94-2.26 % to 2.98-3.34 %. The transition from
floral hull separation to more intensive action on the sur-
face layers of already dehulled kernels occurred earlier in
emmer wheat than in the spelt samples of Hungarian
origin. This was associated with differences in grain
structure and the properties of the protein complex. At
the same time, compared with the spelt samples of Ger-
man origin, emmer wheat showed an approximately
1.5% lower level of kernel damage, reflecting the effect
of increased vitreousness.

At a moisture content of 15 %, the maximum
whole-kernel yield of emmer wheat was observed at a
treatment duration of 120 s and amounted to 69.28-
70.76%. The residual proportion of undehulled grain
ranged from 14.76 to 15.86 %, the yield of broken ker-
nels was 1.88-2.22 %, and the yield of fine floury materi-
al did not exceed 0.82-1.06 %. The low level of fine flou-
ry material was comparable with that of the spelt samples
of Hungarian origin, confirming the effect of vitreous-
ness on the structural resistance of the kernel. As the de-
hulling duration increased from 240 to 600 s, the whole-
kernel yield gradually decreased and, at the end of this
interval, amounted to 65.92-67.38 %. At the same time,
the proportions of broken kernels and fine floury material
increased, indicating increased kernel breakage under
prolonged treatment.

At a moisture content of 17 %, emmer wheat pro-
vided the highest whole-kernel yield at a dehulling dura-
tion of 120 s. Under this regime, the value was 71.96-
73.28 %. Compared with the spelt samples of Hungarian
origin, the whole-kernel yield was approximately 2 %
lower, but compared with spelt cultivar Zoria Ukrainy, it
was approximately 6 % higher. The residual proportion
of undehulled grain ranged from 17.08 to 18.22 %, which
was the highest value among the studied samples under

21

this regime. The yield of broken kernels was 1.22-1.46%,
and the yield of fine floury material was 0.52-0.66 %.
These results indicate a minimal level of kernel integrity
loss and high structural resistance of emmer wheat.

At a treatment duration of 240 s, the whole-kernel
yield of emmer wheat was 71.22-72.58 %, while the pro-
portion of undehulled grain decreased to 12.36-13.46 %.
Further extension of the dehulling duration from 360 to
600 s caused the whole-kernel yield to decrease to 68.22-
69.64 %. However, the level of kernel damage remained
lower than that observed for most of the studied spelt
samples. Therefore, for emmer wheat at a moisture con-
tent of 17 %, a dehulling duration of 120-240 s is advisa-
ble. Within this interval, the highest preservation of
whole kernels is achieved with a relatively low yield of
broken kernels and fine floury material, although the
residual proportion of undehulled grain remains elevated.

Conclusions

Increasing the initial grain moisture content to 15-
17 % generally reduced the yield of broken kernels and
fine floury material. This can be explained by increased
kernel plasticity and reduced brittleness during dehulling.
At the same time, moisture conditioning increased the
residual proportion of undehulled grain because the floral
hulls became more plastic and offered greater resistance
to abrasion. Therefore, an increase in moisture content
cannot be regarded solely as a factor that improves de-
hulling. It reduces kernel breakage but complicates com-
plete separation of the floral hulls, especially at short
treatment durations.

Increasing the dehulling duration reduced the pro-
portion of undehulled grain in all studied samples. How-
ever, after an appropriate processing regime had been
reached, further extension of treatment led to a decrease
in whole-kernel yield. This was associated with the fact
that, after separation of the major portion of the floral
hulls, the working surfaces of the processing equipment
began to act more intensively on the already dehulled
kernel. As a result, the proportions of broken kernels and
fine floury material increased, thereby reducing the tech-
nological efficiency of the process.

Spelt cultivar Zoria Ukrainy showed the lowest
technological resistance of the kernel to breakage. This
was associated with its lower vitreousness, which caused
a more rapid increase in the proportions of broken ker-
nels and fine floury material during dehulling. Spelt
samples of German origin were characterized by a higher
whole-kernel yield and a lower level of kernel breakage.
These results were due to the greater structural resistance
of the kernel and lower hull content compared with spelt
cultivar Zoria Ukrainy. The best results among the spelt
samples were obtained for grain of Hungarian origin. Its
advantage can be explained by the combination of high
vitreousness, lower hull content, and larger grain size,
which contributed to better preservation of whole kernels
during dehulling. In terms of kernel integrity preserva-
tion, emmer wheat was close to the high-vitreous spelt
samples; however, because of stronger adhesion of the
floral hulls to the grain surface, it had a higher residual
proportion of undehulled grain.
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JOCJILIZKEHHA ETAITY JYIHEHHA IVIIBYACTHUX ITIIEHULD

AHoTauis

Y cmammi nagedeno pesynsmamu 0ocaiodicentsa Gnaugy nOYAMKOB80i 60J1020CMi 3epHa ma MPUBALOCHi 1y ujeHHs.
Ha eekmueHicms 8iOOKpeMIeHHsA KEIMKOBUX NAIBOK y niiguacmux nuteHuys. 06’ ekmamu 00CNiONHCeHHA € cnenvma
copmy «3opa Yrpainuy, 3pasku cnenomu HiMeybKo20 NOXOONUCEHHS, 3pA3KU CRENbMU Y20PCbKO20 NOX0O0JICEHH S ma Ol
oa. Jlywenns npoeoounu npu nouamrkoseoi eonozocmi sepna 13-17 % ma mpueanocmi obpooxu 120-600 c. Texnonoziu-
HY ehekmugHicmb npoyecy oYino8anu 3a 8UX000M Y020 A0PA, 3ATUIUKOM HEYWEHO20 3ePHA, YACMKOI0 NOOPIOHEeH020
0pa, eux00om 6opouienyss ma cnig8iOHOUEHHAM OCHOSHUX (DParyill npooyKkmie iyuentns. Bcmanosneno, wo nouamxo-
64 60J102iCMb 3€PHA ICMOMHO 3MIHIOBALA XAPAKMep 8i00KPEMAeHHSI 0O0NOHOK | CIMYNiHb 30epedcenHs YinicHocmi 10pa.
s cnenvmu copmy «3opa Yipainuy npu éonococmi 13 % natieuwuil 6uxio yinozo 10pa OMpuMaHo npu mpueaiocmi
360 ¢, oe sin cmanosus 66,18-68,04 %, a 3anuuiok wenyujeno2o 3epha sHudicyeascs 0o 1,04-1,88 %. Iooanvue nooo-
sotcennst ywgentst 0o 480-600 ¢ cnpuyunsno 30ibuenHs 6uxody noopioneno2o siopa 0o 8,14-10,34 % i bopowenys 0o
4,24-5,72 %, wo cei0uums npo HAOMIpHUL 6NAUE POOOHOI 30HU MEXHONO2INHO20 OONAOHAHMA HA 6dice TyujeHe 0po.
IIpu sonozocmi 17 % 0ona yvbozo copmy euxio yinozo sdpa 3pocmas 0o 65,88-67,92 %, npome 3anumiox HexyujeHo2o
3epHa 3anumascs niosuwjenum i cmanosug 7,18-18,44 % sanesxcno 6i0 mpusarocmi 0opooku. 3pasxku cnenvmu Himeys-
K020 NOXOO0CEHHS XapaAKMepU3y8anucs GUoI0 mexHoao2iunow cmitikicmio aopa. Ilpu eonococmi 13 % makcumansHuil
8uxio yinozo sdpa docseas 70,04-71,46 % npu mpusarocmi 360 c, a npu éonozocmi 17 % youce npu 120 ¢ cmanosus
72,718-74,02 %. 3pasku cnenbmu y2opcbKko20 NOX0OICEHHA 3a0e3neuysanu Haukpawi pe3yibmamu ceped 00CLiONCEHUX
spaskie cneavmu. Ipu 6onococmi 13 % naiieuwuii euxio yinoeo sopa cmanosus 71,12-72,34 % npu mpusarocmi 240 c,
a npu eéonozocmi 17 % odocseas 74,02-75,16 % npu 120 ¢ npu minimansHomy suxooi noopionenoeo siopa 1,42-1,68 % i
oopowenys 0,62-0,82 %. Ilonba 3a 36epexceHHsm Yino2o 10pa HAbIUNCANIACS 00 BUCOKOCKIOBUOHUX 3PA3KIE CREIbIMU. I:l
npu gonococmi 17 % i mpusanocmi 120 ¢ euxio yinoeo sopa cmanosus 71,96-73,28 %, a euxio nodpionenoeo sopa i
bopouwienys ne nepesuuyeas 6ionosiono 1,22-1,46 % ma 0,52-0,66 %. Boonouac ons nonbu 6ye xapakmepruil HAusu-
WUl 3aTUUOK HeLYWeH020 3epHa, wo docseas 17,08-18,22 %, uepes miyniwe npunsieanus K8IMKOBUX NAIBOK 00 nogep-
xui 3epuieku. Ompumani pe3yromamu niomeepoAHcyIomy, wo niosuwerHs eorozocmi 00 15-17 % smenutye noopionenns
A0pa, ane yCKAaoHIOE NOGHE 8I0OKPEMNIEHHS KGIMKOBUX NAIBOK. 30iNbUeHHA MPUBAIOCMIE Y WEHHS SHUNCYE YACMKY He-
JYWEeHO20 3epHa, npome NiCisi O0CACHEHHS. PAYIOHATIbHO20 PeNCUMY 3MEHULYE BUXIO Yino2o A0pa uepe3 3pOCMAaHHs Ydc-
mKu noopibnerozo saopa ma 6opowenys. Hatigascnusiwumu kpumepiamu 6ubopy pesicumy 1YujeHHs € CKI08UOHICIb,
naigyacmicms, KpynHicms 3epHa ma no4amko8d G0N02ICMb. 3pasKu CReIbmu Y2opCbKO20 NOX0OICEHH MAU HAUBUWLY
npuoamuicmu 051 KpYyn sHo20 8upoOHuymed, moodi sk noiba nompedye pemenvHiuo2o ubopy ymoe ni02omosKu 3epua
uepes niOGUUeHUI 3aTUUIOK HELYUEeHO20 3ePHA.

KuiouoBi ciioBa: miiByacTi nueHui, cneabTa, n1ojoa, JylueHHs, ije aapo, HeJylleHe 3epHo, moApioHeHe
SIAPO, OopolIeHIIe, CKIOBHAHICTH, MIiBYACTICTh, KPYN’siHEe BUPOOHMITBO.
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