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Abstract. The article presents the results of a study of the
technological properties of flour obtained from the grain of the new
durum wheat variety Spadshchyna and the dual-purpose wheat
varieties Demira and Chado, characterized by protein contents of
12.20%, 11.55%, and 13.56% and kernel hardness values of 186, 165,
and 183 N, respectively. It was found that the flour from Spadshchyna
and Demira contained 30.7% crude gluten, while Chado contained
33.8%. According to the gluten quality characteristics, the gluten of
Spadshchyna wheat flour was rated as satisfactorily weak, Demira as
good, and Chado as satisfactorily strong. The evaluation of the
physical properties of dough from the experimental flour samples
using a Chopin alveograph showed that the wheat flours of all varieties
can be classified as strong, with flour strength values of 249, 268, and
360 alveograph units. All flour samples met the requirements of the
regulatory documentation by the falling number parameter; however,
the falling number of Chado flour was 3.2% and 16.2% higher
compared with Demira and Spadshchyna, respectively. The most
intensive maturation processes, as indicated by changes in titratable
and active acidity as well as CO: evolution, were observed in dough
made from Spadshchyna flour. The total volume of CO. released
during 240 min of maturation was 1435, 1323, and 1099 cm® for
Spadshchyna, Demira, and Chado dough samples, respectively. The
maximum dough volume during maturation was achieved by Demira
flour dough, exceeding Spadshchyna by 27.9%. The difference
between Demira and Chado dough volumes was insignificant (4.8%).
Experimental baking tests showed that bread made from Demira flour
had the most favorable sensory characteristics, including a regular
shape, smooth crack-free surface, light crust color, uniform and well-
developed porosity, and elastic crumb. Bread made from Chado flour
also showed high quality but slightly lower loaf volume compared with
Demira. In contrast, Spadshchyna flour produced loaves with lower
volume and coarse, unevenly distributed pores, which worsened
product quality. Based on the obtained results, Demira and Chado
flours are recommended for bakery applications, while Spadshchyna
wheat is more suitable for groat or possibly pasta production.

Keywords: durum wheat, dual-purpose wheat, gluten, flour
quality, bread quality.
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Introduction. Formulation of the problem

An important direction in grain breeding both in
Ukraine and worldwide is the search for opportunities to
improve the quality traits of durum wheat grain.
Compared with common (soft) wheat, durum wheat
typically contains more protein with a superior amino
acid profile, has higher levels of minerals, p-carotene,
and B-vitamins, and exhibits greater tolerance to
drought and pests. Durum wheat is primarily used for
the production of pasta and wheat groats. However, a
major factor limiting the broader use of durum wheat in
the food industry, especially in bread production, is its
high kernel hardness, which results in increased energy
consumption during milling, extensive starch damage
when attempting to produce finer flour, and
consequently inferior gluten properties that impede the
production of high-quality bread from durum flour. In
response, current approaches to improving durum wheat
traits focus on reducing kernel hardness, enhancing
gluten quality, and managing starch characteristics
along with the nutritional value of the grain [1-7]. One
of the leading objectives of the Laboratory of Wheat
Breeding at the Yuriev Plant Production Institute of the
National Academy of Agrarian Sciences of Ukraine
(Kharkiv) is to breed wheat cultivars that concurrently
exhibit good pasta and breadmaking qualities. The
breeding lines developed through long-term selection
trace their pedigree to an interspecific hybrid F6
(T. turgidum x Dicoccum 147), an accession from VIR
No. 12950 (Melanopus falcatum from Palestine), and a
local form T. durum Desf. var. hordeiforme. Since 1965,
comprehensive studies have been conducted on the line
with universal quality, designated 59-204, and
compared with standards of durum and common wheat.
This line combines the typical strong wheat protein
characteristics with the carbohydrate complex of durum
wheat. It is characterized by exceptional dough
resilience during mixing, a high ratio of disulfide to
sulfhydryl groups (SS/SH), and low gluten hydration.
Classified as a strong wheat line, it makes bread with
good crumb quality and pleasant taste. Line 59-204 was
evaluated in competitive variety trials from 1974 to
1976 and entered State trials under the name Kharkivska
5 [8]. This cultivar provided the basis for a series of
original dual-purpose wheat cultivars, including
Kharkivska 13, Kharkivska 15, Kharkivska 29,
Kharkivska 31, Chado, and Demira, which were entered
into the State Register of Plant Varieties of Ukraine
between 1992 and 2019. Further scientific and practical
interest lies in studying and comparing the technological
properties of these newly developed wheat cultivars
with a view to their application in the technologies of
flour-based culinary products, baked goods, and pasta

Analysis of recent research and publications

A substantial body of research worldwide is
focused on developing dual-purpose wheat cultivars.
Lafiandra D. et al. note that modification of durum
wheat protein via introgression of the Glu-D1 locus,
alteration of grain texture through introduction of
puroindoline genes, and adjustment of starch fractional
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composition regarding the amylose-amylopectin ratio
may theoretically yield lines that combine desirable
pasta quality (color, firmness, and low cooking losses)
with satisfactory breadmaking properties [1].

Many researchers are working on improving the
technological characteristics of the Soft Svevo durum
wheat cultivar through introgression of puroindoline
genes into its genome [1, 9-12]. Heinze K. and co-
authors investigated the feasibility of introducing
functional puroindoline protein genes into the genome
of durum wheat in order to enhance milling performance
and broaden technological applications. They found that
the presence of puroindoline genes alters kernel texture
from very hard to softer, significantly reduces milling
energy requirements, increases flour yield, and is
associated with low starch damage during milling,
thereby enabling the production of flour with improved
baking quality [9]. Boehm J. D. et al. compared several
soft durum-derived breeding lines for kernel hardness,
flour vyield, starch damage, protein content, and
breadmaking properties, finding that final bread quality
depended on the background glutenin allele
composition [10-11]. Additionally, Morris C. F. et al.
reported that selection of Soft Svevo lines with improved
gluten properties through specific Glu-D1 allele
combinations increased the specific loaf volume by
approximately 16.9% relative to control flours [12].

Pasqualone A. et al. compared a new Italian dual-
purpose wheat cultivar, Faridur, with traditional Svevo.
Although Faridur exhibited higher protein and wet
gluten contents, its gluten quality, evaluated by
alveograph and farinograph, was inferior in strength and
stability. Consequently, bread baked from Faridur
showed a decreased specific loaf volume, highlighting
the need for specialized technological adjustments when
using this wheat in bread production [13].

Ruan Y. et al. investigated lines of durum wheat
with enhanced gluten properties and found that genetic
loci controlling gluten strength are distributed across
several chromosomes, suggesting potential targets for
marker-assisted selection to optimize flour properties
for both pasta and bread products [14].

Sissons M. et al. focused on dual-purpose lines
derived from Svevo and Lira through introgression of
various Glu-D1 alleles aimed at improving breadmaking
quality. They observed that products made from these
new lines exhibited reduced stickiness and cooking
losses compared with controls, demonstrating an
improved pasta performance [15]. Cecchini C. et al.
provide an analytical review of rheological methods
used to evaluate durum wheat flour, emphasizing the
need for alternative assessment techniques because the
rheological behavior of pasta and bread doughs differs
substantially and thus standard tests do not always
adequately capture pasta quality [16]. Along with other
authors, the researchers agree that successful breeding
of dual-purpose wheat requires simultaneous
improvement of gluten quality as well as control of
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particle size distribution and the degree of starch
damage after milling.

The wheat cultivars developed at the Yuriev Plant
Production Institute of the National Academy of
Agrarian  Sciences of Ukraine (Kharkiv) are
distinguished among other dual-purpose wheats by high
protein and gluten content, good flour strength
parameters, and a bright yellow grain color due to
elevated carotenoid levels. The cultivar Demira has a
potential yield of about 7.1 t/ha (with an average yield
of about 4.5 t/ha in trials), grain protein of 13.5...15.5%,
and gluten content of 31...34%, producing strong flour
(312 a.u.) with good bread volume, confirming its
versatility. Chado is a medium-maturing durum wheat
with high pasta quality and good bread-making
potential, with 34...36% wet gluten and 14.5...16.5%
protein content, and displays good stability and yield
performance [17, 18]. Spadshchyna is characterized by
a favorable fatty acid profile in the kernel oil and high
carotenoid levels, which are important for attractive
pasta color [19].

Thus, there is scientific and practical interest in
justifying the use of flour from these new wheat
cultivars in the production of both flour-based and pasta
products. The present study examines the potential of
using these cultivars specifically for breadmaking.

The purpose of the research presented in this
article is to conduct a comparative analysis of the
technological properties of grain from the durum wheat
variety Spadshchyna and dual-purpose durum wheat
varieties Demira and Chado, as well as to identify the
most promising variety for further use in the production
of bread and flour-based products. To achieve this goal,
the following objectives were set:

— to determine the technological properties of flour
obtained from experimental grain samples by assessing
gluten content and quality, dough rheological
properties, and falling number;

— to investigate the specific features of dough
maturation processes prepared from the experimental
flour samples by evaluating acidity parameters, carbon
dioxide production dynamics, and dough volume;

— to assess the quality of bread produced from the
experimental flour samples based on organoleptic
characteristics.

Academy of Agrarian Sciences of Ukraine (Kharkiv)
and at the Department of Restaurant, Hotel and Touristic
Business of V. N. Karazin Kharkiv National University

Table 1 — Properties of experimental grain
batches (n=3; P>0.95)

Experimental grain samples
Indicator Spadshch | Demira Chado
yna
Kernel hardness, N 1863 165+2 183+3
Test weight 844+15 808+10 828+12
(hectolitre weight),
g/L
Total vitreousness, %| 8242 69+2 63+2
Protein content, g 12.2040.4 | 11.5540.3 | 13.56+0.3

Gluten content and properties were determined
according to standard methods [20]. Dough physical
properties were evaluated using a Chopin alveograph.
Flour amylolytic activity was assessed by the falling
number method. Titrated acidity of dough was
determined using standard titration procedures [20].
Active acidity (pH) was measured potentiometrically
with a pH-meter (model 150-M). The intensity of
alcoholic fermentation in model dough systems was
evaluated based on the amount of released carbon
dioxide and the gas production rate [21]. Gas-retention
capacity was assessed indirectly through dough volume
changes during fermentation: 50 g of dough was placed
in a 250 cm?® graduated cylinder and incubated at 30°C
[21]. Trial baking was performed according to standard
methodology [20]. Product quality was evaluated
organoleptically and compared with the requirements
for wheat bread specified in DSTU 7517:2024. Sensory
evaluation used a 10-point scale [22]. Experimental data
were processed using the MS Office Excel package.

Results of the research and their discussion

Materials and methods.

The study used grain of durum wheat cultivars
Spadshchyna, Demira, and Chado harvested in 2024,
whose characteristics are presented in Table 1.

Flour was produced from the grain of these
cultivars by single-grade milling with a 70% extraction
rate using an MLU-202 laboratory mill (Biihler,
Switzerland). Grain moisture before the first break
system was 17%, and conditioning time was 24 h.
Experimental studies were conducted at the Laboratory
of Immunity, Biotechnology and Grain Quality of the
Yuriev Plant Production Institute of the National
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One of the most important quality indicators of
wheat flour, for both pasta and breadmaking, is the
content and properties of gluten, which largely
determine its technological application. Therefore, at
the first stage of the study these parameters were
determined for the experimental flour samples (Table 2).

All flour samples met regulatory requirements
for wet gluten content and exceeded the minimum value
for premium wheat flour (24.0%) by 6.7...9.8
percentage points. The highest gluten content was
observed in cultivar Chado. However, elasticity and
extensibility differed significantly among samples. The
best gluten properties were found in Demira, which
could be classified as Quality Group I, whereas gluten
from Spadshchyna and Chado flours was characterized
as satisfactorily weak and satisfactorily strong,
respectively, corresponding to Quality Group Il.
Notably, gluten from Demira flour showed advantages
not only among the tested samples but also compared
with other European dual-purpose wheat cultivars [13].

At the next stage, dough physical properties were
evaluated using a Chopin alveograph (Table 3).
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Table 2 — Gluten content and properties of experimental flour samples

(n=3; P>0.95)

Indicator Experimental flour samples
Spadshchyna Demira Chado
Wet gluten content, % 30.7+0,4 30.7+0,5 33.8+0,5
Gluten elasticity, units 85+1 70+1 50+1
Gluten extensibility, cm 22+1 15+1 10+1
Color light light light
Quality group 11 I 11

Table 3 — Dough physical properties

(n=3; P>0.95)

Indicator Experimental flour samples
Spadshchyna Demira Chado
P (tenacity), mm 147 105 150
L (extensibility), mm 35 53 57
P/L ratio 4.2 2.0 2.6
W (flour strength), a.u. 249 268 360
Le (elasticity index), % 55 60 60

Analysis of Table 3 shows that cultivar Chado
exhibited the highest flour strength, exceeding that of
Spadshchyna and Demira by 1.4 and 1.3 times
respectively. Overall, according to flour strength, all
three cultivars may be classified as strong flours.
Interestingly, based on tenacity, extensibility, and
balance ratio, Demira and Chado lie at the boundary
between strong and very strong flour categories,
whereas Spadshchyna shows low extensibility values
typical of weak flour, which shifts its balance ratio
toward values characteristic of pasta-type wheat with
coarser flour particle size. The high P/L ratio of
Spadshchyna indicates increased dough elasticity
combined with limited extensibility, typical of samples
with a rigid gluten network and high resistance to
deformation. The low L value (35 mm) combined with
high P (147 mm) suggests insufficient capacity for
plastic expansion, which may adversely affect crumb
structure formation. Such rheological behavior is
usually associated with a higher proportion of
polymerized glutenins relative to gliadins, resulting in a
rigid protein matrix. By contrast, P/L values 0f 2.0...2.6
for Demira and Chado correspond to the upper range of
strong flour with a more balanced elasticity-to-
extensibility ratio, facilitating more efficient gas
retention and improved crumb structure. In this context,
the high P/L value of Spadshchyna can be considered an
indicator of primarily pasta-type technological
suitability, consistent with trial baking results (Fig. 6).
Thus, according to dough rheology, dual-purpose
cultivars Demira and Chado differ clearly from the
typical pasta cultivar Spadshchyna. Notably, Demira
flour exhibited significantly better dough properties
than both Spadshchyna and Chado, as well as compared
with published data for the Italian dual-purpose cultivar
Faridur [13].
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Overall, these results correlate with gluten
content and property data (Table 2), although certain
discrepancies were observed between gluten
extensibility and dough extensibility for Spadshchyna.
These differences may be related to starch structural
characteristics typical of pasta-type cultivars, as well as
to grain chemical composition, including elevated levels
of polyunsaturated fatty acids and endogenous enzyme
activity, which requires further investigation.

To assess autolytic activity, the falling number was
measured (Figure 1).

400 -
390 -
370 —
360 —
350 —
340
330 |+ —
320 |+ —
310 +— —
300

Falling Number,s 387

w
w
w

Fig. 1. Falling number: 1 — Spadshchyna; 2 -
Demira; 3 — Chado

All grain samples met regulatory standards for
wheat grain and flour. The highest falling number was
observed for Chado, exceeding those of Demira and
Spadshchyna by 3.2% and 16.2% respectively,
suggesting lower enzymatic activity. This may indicate
slower dough maturation processes in samples made
from Chado and Demira flour compared with
Spadshchyna. However, since falling number is an
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indirect indicator of enzyme activity, these results may
also be related to starch structure [22] and therefore
require further study.

Fermentation behavior was evaluated by
monitoring dough acidity, gas production dynamics, and
dough volume changes (Figures 2-5).

The most intensive fermentation processes were
observed in dough made from Spadshchyna flour. Initial
acidity was slightly higher in this sample, probably due
to grain composition differences. Throughout
fermentation, acidity increased somewhat more rapidly
in Spadshchyna dough than in Demira or Chado,
consistent with falling-number data (Fig. 1). Overall, it
should be noted that the acidity of dough prepared from

4,0

Titrated acidity, deg.

T, min

120 180 240

all experimental flour samples was within the typical
range for wheat yeast dough. Final titrated acidity of
Spadshchyna dough exceeded that of Demira and
Chado by 13.3% and 21.4%, respectively, while pH
values differed only slightly among samples.

The obtained data correlate with the results of the
study on the fermentation intensity of yeast dough made
from the experimental flour samples (Figs. 3—4).

Gas-production analysis showed that dough from
Spadshchyna and Demira released 30.6% and 20.4%
more carbon dioxide respectively than dough from
Chado (Fig. 4). Maximum gas-release rates occurred
after 60 min of fermentation for Spadshchyna and
Demira and after 70 min for Chado (Fig. 3).

60 120 180 240

Fig. 2. Titrated (a) and active (b) acidity during the fermentation of dough made from wheat flour:
1 - Spadshchyna; 2 — Demira; 3 — Chado

- dV(COy)/dr,
cm®/min

SSSESEENSEESSEEERSOERREFS

l
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|

113060 90 120/ (150 /180 210 240

Fig. 3. The rate of gas formation during the
fermentation of the dough made from wheat flour:
1 - Spadshchyna; 2 — Demira; 3 — Chado
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Fig. 4. The amount of gas released during the
fermentation of the dough made from wheat flour:
1 — Spadshchyna; 2 — Demira; 3 — Chado
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After this period, gas-production intensity
decreased, probably due to depletion of simple sugars
and yeast adaptation to maltose fermentation. Gas-
production rates increased again after 100-110 min and
reached maxima at 180 min. These findings indicate
more intensive fermentation processes in dough made
from Spadshchyna grain, likely due to higher levels of
fermentable sugars and nitrogenous compounds (Table
1) as well as greater amylolytic enzyme activity (Fig. 1).
The obtained data are also consistent with the results of
the study on changes in dough acidity during
fermentation (Fig. 3).

According to the investigation of dough volume
changes during fermentation (Fig. 5), the dough made
from Demira wheat flour reached the highest maximum
volume, which was 27.9% greater than that of dough
made from Spadshchyna wheat flour. The difference in
maximum volume between dough samples produced
from Demira and Chado wheat flours was insignificant,
amounting to 4.8%. It is worth noting that the changes
in dough acidity during maturation, as well as the
intensity of carbon dioxide evolution, followed a
somewhat different pattern than the changes in dough
volume. The results indicate more intensive sugar
fermentation in dough prepared from Spadshchyna
wheat flour, whereas the greatest volume was achieved
by samples produced from Demira and Chado flours.
This is likely due to the fact that although the starch of
Spadshchyna flour is more susceptible to amylolysis

|

and ensures intensive carbon dioxide release during
fermentation, the insufficient gluten quality of
Spadshchyna, particularly the signs of a poorly elastic
protein network identified during alveograph analysis
(Table 3), does not allow effective retention of the
released gas, resulting in lower dough and final product
volumes.

20 T v, em?

210

190 5
170 —
150 / /A
130 /
110 // - /

%0 /4
ai A
& [

0 30 60 90 120 150 180 210 240

Fig. 5. Change in volume during the
fermentation of the dough made from wheat flour:
1 - Spadshchyna; 2 — Demira; 3 — Chado

NN

7, min

The most comprehensive assessment of the
suitability of flour from new wheat varieties can be
obtained from the analysis of product quality indicators
based on trial baking results (Figs. 67, Table 4).

Fig. 6. Appearance of bread made from flour of wheat grain varieties:
1 — Spadshchyna; 2 — Demira; 3 — Chado

Table 4 — Organoleptic quality characteristics of bread samples

. Experimental samples of bread made from flour of wheat grain varieties
Indicator -
Spadshchyna Demira | Chado
External Regular, consistent with the baking mold
appearance: Clean, smooth, convex, without cracks or
Shape Clean, smooth, free of cracks and ruptures | ruptures
Surface
Crust color Light brown Golden
Soft, elastic, with uniform medium
Crumb condition porosity Soft, elastic, with uniform fine porosity
Taste and aroma Characteristic of wheat bread, without foreign flavors or odors
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Fig. 7. Profilograms of organoleptic quality indicators of bread produced from flour of wheat grain
varieties:
1 — Spadshchyna; 2 — Demira; 3 — Chado

It was established that, according to organoleptic
characteristics, particularly external appearance and
crumb condition, the products made from Demira wheat
flour were the most advantageous. This is consistent
with the results of determining gluten content and
properties in flour (Table 2), dough physical properties
(Table 3), and dough volume changes during
fermentation (Fig. 5). Bread made from Demira wheat
flour exhibited a regular shape, smooth crack-free
surface, light crust color, and a uniform, well-developed
porous structure with an elastic crumb. Bread samples
produced from Chado wheat flour were also
characterized by high quality indicators, although they
were inferior to products made from Demira flour in
terms of volume. This may be associated with
excessively strong gluten (Table 2) and slightly reduced
dough maturation intensity (Figs. 2-5), which can be
corrected through technological approaches such as
blending different flour batches, incorporating
proteolytic enzymes into formulations, or adding
ingredients exhibiting such activity. Based on the results
of carbon dioxide release during fermentation, it can be
hypothesized that slight supplementation with sugars or
amylolytic enzymes may enhance dough fermentation
and improve the specific volume of the products.

Thus, the conducted research demonstrated that
grain of the Demira and Chado wheat varieties may be
considered promising raw materials for the production
of bakery and flour-based culinary products, whereas
grain of the Spadshchyna variety is more appropriately
regarded as raw material for pasta and groat production.
The use of flour derived from Chado grain may be

advisable when combined with weaker flour or with
enzyme preparations exhibiting proteolytic and
amylolytic activity. Further research interest lies in
investigating the potential application of new wheat
varieties in pasta production.

Conclusion

As a result of the conducted research, a
comparative analysis of the technological properties of
grain from dual-purpose durum wheat varieties Demira
and Chado was performed in comparison with the
standard pasta-type variety Spadshchyna, and the
feasibility of using Demira and Chado grain in flour-
based product technologies was substantiated. It was
established that Demira and Chado contain 30.7% and
33.8% wet gluten of quality groups 1| and I,
respectively, and are characterized by favorable flour
strength indicators, while the falling number of all
studied grain samples complied with regulatory
standards. It was found that yeast dough maturation
processes, assessed by changes in titrated and active
acidity as well as carbon dioxide evolution intensity,
proceeded more intensively in samples prepared from
Spadshchyna wheat flour than in those made from
Demira and Chado wheat. At the same time, the
substantial advantages of Demira grain in terms of
gluten quality compared with the other samples resulted
in the highest dough volume during fermentation,
exceeding that of Spadshchyna by 27.9%. According to
trial baking results, bread produced from Demira and
Chado flours exhibited high organoleptic quality and
can be recommended for industrial application..
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MOPIBHAJIBHUI AHAJII3 TEXHOJIOTTYHUX BJACTUBOCTEHN

BOPOIIIHA HOBUX COPTIB TBEPJOI IIIIEHUIII

AHoTtauis. ITonaHo pe3yJbTaTH JOCITIIKEHb TEXHOJOTIYHMX BIACTHBOCTEH OGOPOIIHA, OTPUMAHOTO i3 3epHa HOBHX
COpTIB TBEpAOi MIIEHUI] MOABIHHOTO BUKOpPHCTAHHSA /emipa Ta HYaoo y TIOPIBHAHHI 31 cTaHAapTHEM copToM Cnadwjuna, mo
XapakTepu3yrThes BMicToM Oinka 13.56, 12.20 i 11.55 % BinnosigHo, a Takox TBepao3epHictio 183, 186 1 165 H BiamosiaHo.
BusiBieno, 1o 6oporiHo mmenuni coptiB Cnadwuna ta [Jemipa mictuth 30,7% cupoi KieiikoBrHH, y To# 4yac sik Yaodo — 33,8%.
3a moka3HHKaMH TNPYKHOCTI Ta PO3TSHKHOCTI KielKoBHHA GoporHa nuieHuli Cnadwuna BUSBHNACS 3a[J0BUIBHO CIa0KOIO,
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Hemipa — xopomor, Yaoo — 3a10BiIbHO MiHOW. Pe3ynbpTaTy OIiHIOBaHHS (i3MYHUX BIACTHBOCTEH TicTa HOCTIIHHUX 3pa3KiB
OopomHa Ha anbBeorpadi 3a Meromom lllomeHa m03BOMMIM BiHECTH OOPOINHO MIIEHHII BCIX COPTIB J0 CHJIBHOTO 3
MOKa3HUKaMK cwin OoporHa 249, 268 1 360 o.a. 3a moka3sHUKaMH YMCIia TagiHHA BCi JOCTIAHI 3pa3ku OOpOIIHA BiAMOBigaIN
BHMOT'aM HOPMAaTHBHOI JOKyMEHTalii, Py LbOMY 3HAUEHHs [MOKAa3HMKA YHUCIa MaJiHHS Uil OOpOIIHa MIIEHHLI copTy Yaoo
Oyno Ha 3,2% Tta 16,2% BUIIUM TOPIBHSAHO 3 Jemiporo Ta Cnadwunoro BIATIOBITHO. BcTaHOBNICHO, MO HAHOLIBII IHTECHCUBHO
Iponecu OpOMiHHA 3a ITOKa3HUKAMHM 3MIHM THTPOBAaHOI Ta AKTHBHOI KHCIIOTHOCTI, a TaKOX IHTEHCHBHOCTI BHIIJICHHS
BYTJICKHCJIOTO Ta3y MepediraroTh B TICTi, IPUTOTOBICHOMY Ha OCHOBI OopomrHa mieHunIi copty Cnadwuna. 3aralibHa KidbKiCTb
BUJILIEHOTO BYTJIEKHCIIOTO Ta3y mpoTsaroM 240 xB OposiHHS Iuist 3paskiB Ticta i3 OopomHa Cradwuna, [Jemipa ta Yaoo
cranosmia 1435, 1323 i 1099 cm® BimmopinHo. 3a pesyabTaraMu JOCHIIKEHHS 3MiHM 00’€My TicTa IIijfl 4ac OpOJiHHS
BCTaHOBJICHO, 110 HaHOIIBIIOr0 MaKCUMAIBHOTO 00’€My JOCATa€ TiCTO, IPUTOTOBJIEHE 13 OOpoIlHa MIleHULi Jemipa, Mo Ha
27,9% Oinplie, HIX AN TiCTa, IPUTOTOBICHOTO 13 OopomHa mmeHnli Cnadwuna. Pi3HUI B MakcUMalbHOMY 00’€eMi TicTa,
MIPUTOTOBNIEHOTO i3 GopomHa mmeHuni Jemipa Ta Yado € HECyTTEBOIO Ta CTaHOBHUTH 4,8%. 3a pesynbTaramMu NMPOOHOTO
BUITIKaHHS XJ1i0a BCTAHOBIJICHO, IO 32 OPTaHOJICNTHYHUMHU MOKa3HUKaMH, 30KpeMa 30BHIIIHIM BUTIISAOM i CTAHOM M’ SIKYIIKH,
HaWBUTI/IHINIE BiPi3HAIOTHCS BUPOOH, OTPUMAHI i3 GopoliHa nmeHuwi copty Jemipa, Bupoou, orpumaHi i3 60ponIHa MieHunIi
copty [emipa Mamy npaBuibHY (HOpMy, piBHY 03 TPILIMH ITOBEPXHIO, CBITIMH KOJIp CKOPHHKH, BUPOOW Maiy piBHOMIpHY
Jo0pe po3BUHEHY MOPUCTICTh 3 €TaCTUYHOI0 M’SIKYIIKOIO. 3pa3ky Xi1i0a, OTpuMaHi i3 OOpoIIHa MIIeHUII copTy Yaoo Takox
XapaKTepU3yBAIUCS BUCOKHMMHU MOKa3HUKAMHU SKOCTI, X04a 1 MOCTyHajaucs BUPOOaM, OTPHMaHUM 13 OOpOIIHA MIIEHUI COPTY
Jlemipa 3a moxa3sHHKOM 00’eMy. BupoOu, orpumani i3 mmeHuui copty Cnadwuna, Mamu HEAOCTaTHIH 00’€M Ta 3aBeHKi
HEpPIBHOMIPHO PO3IOiNICHI MOPH, IO HOTIPIIYBAIO AKICTh BUPOOIB MOPIBHIHO 3 iHIIUMH 3pa3kaMu. CITUpArOYnCh Ha OTPUMaHi
pe3yabpTaTH OOpOINHO MIIeHUII copTiB Hemipa Ta Yado pEKOMEHIOBAHO AJS IMONAIBIIOTO BHKOPHCTAaHHSA B TEXHOJOTIl
XJ1i000yI0YHNX BUPOOIB, y TOH Yac sk mueHumo Crnadwuna TOIUIBHO PO3IIBLAATH SK KYJIBTYPY KPYIl STHOTO Ta MaKapOHHOTO
CIpSIMyBaHHSI.

KorouoBi ciioBa: TBepa MIIeHHIs, NIISHAUL ITOBIHHOT0 BUKOPUCTAHHSI, KICHKOBHHA, SIKICTh OOpOIIHA, SIKICTh XJ1i0a
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