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Nowadays the interest of breeders, producers and consumers is going back to ancient wheat species, such as
Triticum spelta, which are often considered as more valuable for healthy nutrition. In this light, we compared spelt
cultivars and breeding lines with commercial common wheat cultivars by total lipid content, fatty acid levels and
unsaturated/saturated ratio in grain. Lipids were extracted by Soxhlet procedure. Fatty acid composition was
determined by gas chromatography. On average, the total lipid content was higher in the spelt cultivars than in the
breeding spelt lines (3.04+0.24 % vs. 2.231£0.69 %, p < 0.05). There was a significant difference between the average
content of total lipids in the spelt cultivars, but not the breeding spelt lines, and the common wheat cultivars
(3.04£0.24 % vs. 2.44+0.57 %, p < 0.05). Six major fatty acids were found in hexaploid wheat species, with linoleic
acid being the most abundant. They are ranked in order of decreasing levels as follows: linoleic > oleic >palmitic >
linolenic > stearic > palmitoleic. We also detected trace amounts of 3 minor fatty acids: eicosanoic (arachidic),
eicosenoic and behenic acids. Common wheat is not inferior to spelt in terms of unsaturated fatty acid levels,
because the ratios of unsaturated acids to saturated ones in grain of T. spelta accessions were similar to those in
commercial common wheat cultivars. The oleic acid content was higher in spelt accessions; though the linoleic acid
content was higher in T. aestivum cultivars. Spring common wheat cultivar Heroinia had the most beneficial
unsaturated/saturated ratio of 4.5. We detected no differences in unsaturated acid amounts between spring and
winter hexaploid wheats. We observed no patterns in variability of fatty acid contents across the accessions under
investigation, because the same accession can be characterized by a wide variability in one fatty acid and by a
narrow range for another, and, at the same time, the same fatty acid can be very variable within one accession and
little variable in another. There were no significant differences in the total lipid content and fatty acid levels between
the study years for the same accession.
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Introduction

The value of lipids for human and animal health lies in fatty acids being precursors of important
classes of biomolecules in the body, which are involved in metabolic processes like regulation of blood
lipid levels. Several unsaturated fatty acids (UFAs) are defined as ‘essential fatty acids’, because they are
able to prevent some pathologies. Wheat is the main cereal crop used for humans’ and animals’
consumption worldwide, and despite the fact that it does not belong to oil crops, the contribution of wheat
products to the intake of UFAs can be tangible. In addition, wheat germ oil is widely used in cosmetics
industry. Such by-product as bran is also evaluated for fatty acid contents (Durante et al., 2012). Most of
studies in this area are conducted on traditional commercial wheat cultivars. However, there is an opinion
that the value of wheat oil reduced in the course of domestication. Beleggia et al. (2016) reported about a
reduction in unsaturated fatty acids associated with selection during domestication of emmer (primary
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domestication). At the same time, nowadays the interest of breeders, producers and consumers is going
back to ancient wheats (einkorn, emmer, spelt) as well as to domestic, but underutilized species
(Gabrovska et al., 2002).

In this respect, it is prudent to analyze fatty acid contents in commercial common wheat (Triticum
aestivum L.) cultivars and spelt (Ttiticum spelta L.) accessions.

Our purpose was to study the fatty acid composition in grain of different hexaploid wheat
accessions.

Materials and methods

Test accessions

Common wheat cultivars and spelt lines were kindly provided by the Laboratory of Wheat Breeding
and Physiology of the Plant Production Institute (PPIl) named after V.Ya. Yuriev of NAAS. Cultivars of
Triticum spelta Frankenkorn (UA0300103, DEU), Lohnauer Sommerspelz (IU067152, Austria), Tridentina
(UA0300218, ltalia), CDC Bavaria (UA0300391, Canada), CDC Zorba (UA0300392, Canada) were kindly
provided by the National Center for Plant Genetic Resources of Ukraine (NCPGRU).

Wheat accessions were grown in the PPI's experimental plots in compliance with conventional
farming techniques. Grain was harvested in 2015, 2016, 2017, 2018 and 2019. Whole kernels were milled
on a laboratory mill LZM.

Total lipid content

Lipids were extracted from dried (to the constant weight) whole wheat kernels (5 g, in two
replications) by Soxhlet procedure (Juhaimi et al., 2019). Oil was repeatedly washed (percolated) with
petroleum ether of boiling range between 40-60°C (Haltermann GmbH, Germany). The Soxhlet extractor
was heated to 40°C (hot extraction). After 6-hour incubation at 40°C, the solvent was evaporated under
vacuum using a rotary evaporator. The oil percentage in the initial sample was calculated using the
following formula:

Total lipids (crude oil), % =
weight of obtained oil x 100/weight of absolutely dry milled kernels used in a run.

Fatty acids

Two samples were analyzed for each year. Fatty acid methyl esters were prepared by the modified
Peisker method (Peisker, 1964). Chloroform (Thermo Fisher Scientific Inc., USA) — methanol (Honeywell
Research Chemicals, Romania) — 96 % sulfuric acid (Dneprochem, Ukraine) mixture in a ratio of
100 : 100 : 1 was used for methylation. 30—-50 microliters of lipid extract was placed in a glass ampoule;
2.5 milliliters of methylation mixture was added, and the ampoule was sealed. Ampoules were incubated
in a thermostat at 105°C for 3 hours. After methylation, ampoules were opened, the contents were
transferred to test tubes, a pinch of powdered zinc sulfate (ChemElements, Ukraine) was added, and then
2 milliliters of distilled water and 2 milliliters of hexane (MOL Group, Hungary) were poured to extract
methyl esters. After thoroughly stirring and settling, the hexane extracts were filtered and analyzed by gas
chromatography (Prokhorova, 1982).

Fatty acid composition was determined using a gas chromatograph Selmikhrom 1 (OAO SELMI,
Ukraine) equipped with a flame ionization detector (FID). The stainless steel column, 2.5 m length x 4 mm
i.d., was packed with a stationary phase, Inerton AW-DMCS (0.16-0.20 mm) (Lachema, Czechia)
processed with 10 % diethylene glycol succinate (BOC Sciences, USA). 2 microliters of hexane solution
of fatty acid methyl esters was injected. Gas chromatography was operated under the following
conditions: nitrogen flow 30 milliliters/min; hydrogen flow 30-35 milliliters/min; air flow 300 milliliters/min;
column temperature 180°C; injector temperature 230°C and FID temperature 220°C. The fatty acids were
identified by comparing the retention time of sample with those of reference fatty acid methyl esters
(Sigma-Aldrich, USA).

Data processing

The percentages of fatty acid methyl esters were calculated by internal normalization. The data
were statistically processed in STATGRAPHICS PLUS, using ANOVA method or the Mann—Whitney U-
test for small samples with an unknown distribution, as appropriate. The results are presented as mean +
standard deviation (SD) and reported to three significant figures.
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Results and discussion

Total lipids

Triticum spelta

The total lipid content in spelt accessions ranged from 1.16+0.14 % dry basis (d.b.) in spelt cultivar
(cv.) Yevropa to 3.37+0.39 % d.b. in cv. Tridentina. This is in line with published data: Suchowilska et al.
(2009) reported that the crude fat content in T. spelta grain was 2.4 %; in a study of hexaploid wheat
species the total lipid content varied within 2.57-3.08 %, depending on the cultivar and averaging 2.92 %
across the cultivars (Ruibal-Mendieta et al., 2005). In our experiments, differences between years for the
same accession were not significant. Narducci et al. (2019) came to a similar conclusion in their study of
tetraploid wheat. On average, the total lipid content was higher in the spelt cultivars than in the breeding
spelt lines (3.04+0.24 % vs. 2.23+0.69 %, p < 0.05). Not being an oil crop, wheat is unlikely to be bred for
oil content, but involvement of collection spelt accessions in wheat breeding can bring an additional
benefit in terms of the lipid content.

Triticum aestivum

The total lipid content in common wheat cultivars ranged from 1.23+£0.14 % d.b. in cv. Podolianka
to 3.531£0.41 % d.b in cv. Doridna. Other researchers report similar values: common wheat cv. Gerek-79
contained 1.44 % of crude oil (Kan, 2016); T. aestivum cultivars contained 2.24 % to 2.61 % of total lipids
(Ruibal-Mendieta et al., 2005). Like in spelt, there were no significant differences between years for the
same accession.

Fatty acid composition

Six major fatty acids were detected in all the wheat accessions under investigation. They are
ranked in order of decreasing levels as follows: linoleic > oleic > palmitic > linolenic > stearic >
palmitoleic. This distribution remains unchanged from year to year and is slightly different from the
rankings reported by other authors. Research by Riubal-Mendieta et al. (2004, 2005) demonstrated the
following ranking for spelt and common wheat: linoleic > oleic > palmitic > linolenic > stearic and linoleic >
palmitic > oleic > linolenic > stearic, respectively. Grela (1996) found more fatty acids in spelt and
common wheat: linoleic > oleic > palmitic > linolenic > stearic > eikosenoic > myristic > palmitoleic and
linoleic > palmitic > oleic > linolenic > stearic > eikosenoic > myristic > palmitoleic, respectively.
Suchowilska et al. (2009) studied T. spelta and arranged fatty acids in decreasing order of percentages:
linoleic, oleic, palmitic, a-linolenic and stearic acids. We also detected trace amounts of 3 minor fatty
acids: eicosanoic (arachidic) acid, eicosenoic acid and behenic acid. Their contents were 0.1 % in most of
the species under investigation (below 0.5 % in all the species) and characterized by wide variability.
However, the greatest variability was intrinsic to palmitoleic acid (its content was also very low — 0.14 % in
cv. T. spelta CDC Zorba or lower in the other hexaploid wheat accessions): the peak variation coefficients
amounted to 58.2 % in common wheat cvs. Doskonala and Pryvitna. Fig. 1A, B shows a typical
chromatogram of two of the best (in terms of UFA contents) hexaploid wheat accessions.

We found no patterns in variability of fatty acid contents across the species under investigation.
The same cultivar (e.g. common wheat cv. Podolianka with variation coefficients of 23.6 % and 0.50 % for
palmitoleic and oleic acids, respectively) can be characterized by a wide variability in one fatty acid and
by a narrow range for another. At the same time, the same fatty acid (e.g. stearic acid) can be very
variable within one accession (7. spelta cv. Lohnauer Sommerspelz; variation coefficient = 9.78 %) and
demonstrate a relatively stable content in another (7. spelta line 1145-16; variation coefficient = 0.49 %).

Triticum spelta

Spelt accessions had the unsaturated/saturated ratios within 3.9 (T. spelta cv. CDC Bavaria due to
an increased palmitic acid content of 19.3+0.04 %) — 4.4 (cv. Frankenkorn due to an increased linoleic
acid content of 52.7+0.07 % and an decreased palmitic acid content of 16.8+0.03 %; spelt breeding lines
1139-16 and 1140-16 due to an increased content of oleic acid of 27.41+0.12 % and 27.7+0.06 %,
respectively, and a decreased palmitic acid content of 16.840.02 % and 16.6+0.05 %, respectively)
(Table 1). These ratios are comparable with the literature data: 4.7 and 5.0 with a high content of linoleic
acid of 61.0 % and 63.2 %, respectively, and a relatively low content of palmitic acid (16.7 % and 16.8 %,
respectively) (Riubal-Mendieta et al., 2004, 2005), 4.0 as calculated from the data published in
(Suchowilska et al., 2009) and 4.4 with unusually high levels of linolenic and eicosenoic acids (5.98 %
and 0.87 %, respectively) as calculated from the USDA’s data (USDA, 2019). The linoleic acid content
was the highest in cv. CDC Bavaria and cv. Lohnauer Sommerspelz grain (53.1£0.06 % and
53.1£0.13 %, respectively) and significantly higher than in cv. CDC Zorba grain. The oleic acid content
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was the highest in grain of spelt breeding line 1140-16 — 27.74+0.06 % and the lowest in cv. CDC Bavaria
grain (22.7+0.06 %), which is significantly lower than in most of the other spelt accessions. The
palmitoleic acid content was the highest in cv. CDC Zorba grain (0.14+0.02 %), though there were no
significant differences between cv. CDC Zorba and the other spelt accessions. The linolenic acid content
was the highest in cv. Lohnauer Sommerspelz grain (3.82+0.09 %), though there were no significant
differences between cv. Lohnauer Sommerspelz and the other spelt accessions. The eicosenoic acid
content was the highest in grain of spelt breeding line 1139-16 — 0.18+0.01 %. No significant differences
were found in the eicosenoic acid content. The palmitic acid content was the highest in cv. CDC Bavaria
grain (19.3+£0.04 %), significantly higher than in grain of cv. CDC Zorba, cv. Lohnauer Sommerspelz and
cv. Tridentina.

Fig. 1. A. Chromatograms of fatty acid methyl esters. T. spelta Lohnauer Sommerspelz, harvested
in 2019. Y — Signal, V; X — Retention time, sec
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When it comes to comparison between the breeding lines of spelt and original spelt accessions
from the NCPGRU'’s collection, they differed in 3 unsaturated acids (oleic, linoleic and linolenic) and 1
saturated acid (palmitic) (Table 2). There were no differences in fatty acid contents between the breeding
lines of spelt, which is attributed to their close origin. The breeding lines were richer in oleic only, and their
unsaturated/saturated ratios were not superior to that of T. spelta cv. Frankenkorn. Check spelt
cv. Yevropa did not have the best unsaturated/saturated ratio 4.0); its oleic content was lower than that of
the breeding lines, on the contrary, the palmitic acid content was higher than in the breeding lines, and
the only unsaturated acid that was more abundant in Yevropa grain was linoleic.

Fig. 1. B. Chromatograms of fatty acid methyl esters. Spring common wheat Heroinia, harvested
in 2019. Y — Signal, V; X — Retention time, sec
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Table 1. Fatty acid composition in grain of hexaploid wheat accessions (relative content, %)

Source Palmitic Stearic Oleic Linoleic Linolenic Behenic Ugsa?:l:;?;d/

C16:0 C18:0 c18:1 C18:2 c18:3 C22:0 ;

Ratio
Triticum spelta
Based on the National
Nutrient Database of the
US of Agriauttre (USDA, | 170 1.10 195 54.9 5.98 0.37 4.4
2019)
Ruibal-Mendieta et al. Not
2004) 16.7 0.7 17.3 61.0 4.00 detocted 47
Ruibal-Mendieta et al. Not Not
(2005) 16.8 detected 16.1 63.2 3.90 detected 50
Suchowilska et al. Not
G000) 18.8 1.1 19.4 55.9 35 detocted 4.0
Our data.
Species or
cultivar/growth habit
T. spelta line 16.8+0.02 | 1.3240.09 | 27.4+0.12 | 50.840.06 | 2.84+0.20 | 0.45+0.01 4.4
1139-16/winter
T. spelta line 16.6+0.05 | 1.42+0.03 | 27.7+0.06 | 50.8+0.11 | 2.83+0.04 | 0.36+0.01 44
1140-16/winter
T. spelta line 16.9+0.11 | 1.4620.01 | 27.240.02 | 50.9+0.14 | 2.82+0.06 | 0.40+0.11 43
1145-16/winter
T. spelta . 16.8+0.03 | 1.1540.07 | 25.5+0.05 | 52.7+0.07 | 3.25+0.08 | 0.35+0.07 4.4
Frankenkorn/winter
T. spelta Yevropa 18.0+0.09 | 1.3840.11 | 24.4+0.09 | 52.3+0.33 | 3.01+0.06 | 0.49+0.02 4.0
T. spelta Lohnauer 17.8+0.09 | 0.80£0.08 | 23.9+0.04 | 53.1+0.13 | 3.82+0.09 | 0.37+0.02 4.3
Sommerspelz/spring
T.spelta 18.0+0.03 | 1.1440.02 | 24.7+0.04 | 52.4+0.07 | 3.34+0.09 | 0.24+0.01 4.1
Tridentina/spring
T. spelta CDC 19.3+0.04 | 0.8740.02 | 22.7+0.06 | 53.140.06 | 3.63+0.18 | 0.19+0.02 3.9
Bavaria/spring
T. spelta CDC 17.540.14 | 1.06£0.07 | 24.9+0.16 | 52.5+0.26 | 3.31£0.09 | 0.34%0.05 43
Zorba/spring
Triticum aestivum

Ruibal-Mendieta et al. Not
2004) 19.1 0.9 1.6 63.5 5.11 detocted 4.0
Ruibal-Mendieta et al. Not Not
(2005) 19.3 detected 10.7 64.6 53 detected 4.2
Kan Not
2015) 18.3 1.20 14.9 59.1 3.81 detocted 4.0
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Table 1 — Continued

Our data.
Species or cultivar/growth
habit

Common wheat

) 17.3+£0.18 | 1.204+0.08 | 23.2+0.18 | 53.7+0.13 | 3.97+0.10 | 0.41+0.08 4.3
Doskonala/winter

Common wheat 17.0£0.14 | 1.09+0.02 | 23.2+0.23 | 54.3+0.33 | 3.85+0.10 | 0.32+0.03 4.4

Pryvablyva/winter

Common wheat 17.040.04 | 1.12£0.12 | 22.540.18 | 55.0+0.35 | 3.80+0.07 | 0.34+0.02 44
Pryvitna/winter

Common wheat 18.240.35 | 1.31£0.04 | 23.0£0.11 | 53.620.40 | 3.25:0.07 | 0.41%0.01 4.0
Doridna/winter

Common wheat 18.2+0.14 | 1.26+0.06 | 22.5+0.11 | 53.440.25 | 3.8+0.07 | 0.47+0.02 4.0
Podoplianka/winter

Common wheat 16.940.22 | 0.95+0.04 | 18.940.24 | 58.5+0.40 | 4.12+0.06 | 0.31+0.02 45
Heroinia/spring

Common wheat 18.0+0.17 | 0.90+0.56 | 19.1+0.12 | 57.7+0.18 | 3.7240.12 | 0.35+0.05 4.2

Uliublena/spring

Common wheat

. 18.1+£0.23 | 0.88+0.08 | 19.2+0.09 | 57.6+£0.37 | 3.54+0.05 | 0.37+0.05 4.1
Barvysta/spring

Triticum aestivum

The common wheat cultivars under investigation had the unsaturated/saturated ratios within 4.0
(winter common wheat cv. Podolianka) — 4.5 (spring common wheat cv. Heroinia), which is in accordance
with the literature data (4.0 (Kan, 2015), 4.0 and 4.2 (Riubal-Mendieta et al., 2004, 2005) (Table 1). The
highest contents of linoleic and linolenic acids were recorded in spring common wheat Heroinia —
58.5+0.40 % and 4.121+0.06 %, respectively. The highest content of oleic acid was observed in common
wheat cultivars Doskonala (23.2+0.18 %) and Pryvablyva (23.2+0.23 %). The content of eicosenoic and
palmitoleic acids little differed between the common wheat cultivars.

Among the winter common cultivars under investigation, Pryvablyva and Pryvitna had the best
unsaturated/saturated ratios — 4.4, mainly due to higher contents of oleic and linoleic acids and a lower
content of palmitic acid (Table 1). Among the spring common cultivars under investigation, Heroinia was
distinguished by the unsaturated/saturated ratio of 4.5 due to highest contents of linoleic and linolenic
acids and the lowest content of palmitic acid (16.9+0.22 %), while grain of cultivars Uliublena and
Barvysta contained slightly more of oleic acid.

Triticum spelta vs. Triticum aestivum

Analysis of wholemeal samples demonstrated that the total lipid content was, on average,
significantly higher (by 18 %) in spelt grain than in common wheat grain (Riubal-Mendieta et al., 2005). In
contrast to our assumption, we detected no significant differences in the total lipid content between the
breeding lines of spelt and the common wheat cultivars under investigation. However, there was a
significant difference between the average total contents of lipids in the spelt cultivars and the common
wheat cultivars (3.04+0.24 % vs. 2.44+0.57 %, p < 0.05), indicating deterioration in the grain quality in
terms of oil content in the process of spelt breeding for high yield capacity, easy threshing, etc.

Although spelt is praised owing to its high nutritional value, including UFA levels (the
unsaturated/saturated ratios were 4.7 and 5.0 in spelt and 4.0 and 4.2 in common wheat; calculated from
the data published in (Riubal-Mendieta et al., 2004, 2005), our spelt accessions did not best modern
common wheat cultivars in terms of UFA contents, judging from the unsaturated/saturated ratios. The
oleic acid content was higher in spelt accessions, though the linoleic (contributing to higher unsaturated
acid levels) acid content was higher in T. aestivum cultivars (Table 2).
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Table 2. Averaged amounts of fatty acids in spelt and common wheat (relative content, %)

Palmitic Stearic Oleic Linoleic Linolenic Behenic
C16:0 C18:0 C18:1 C18:2 C18:3 C22:0

Collection spelt cultivars
17.1£0.63 1.40£0.06 26.7+1.53* 51.2+0.74* 2.89+0.09 0.43+0.06

Breeding spelt lines

17.9+0.92 1.00+0.16 24.3+1.08* 52.8+0.33* 3.47+0.25 0.30+0.09
Commercial common wheat cultivars
17.4+0.74 1.11+£0.17 21.7+2.05 55.3+2.04 3.79+0.27 0.37+0.05

Note: " significant difference between spelt and common wheat, p < 0.05.

Winter cultivars vs. spring cultivars

Previously (Relina et al., 2020), we found no differences in UFA contents between spring and
winter tetraploid wheat cultivars, and this study on hexaploid accessions confirmed this conclusion
(Table 3). The spring and winter hexaploid accessions differed in oleic and linoleic acids: the winter
accessions contained more oleic acid than the spring ones (22.9+0.35 % vs. 19.1+0.20 %, respectively),
while linoleic acid was more abundant in grain of the spring accessions (54.0+0.64 % vs. 57.91£0.52 %,
respectively).

Table 3. Averaged amounts of fatty acids in wheat cultivars of different growth habits (relative
content, %)

Palmitic Stearic Oleic Linoleic Linolenic Behenic
C16:0 C18:0 C18:1 C18:2 C18:3 C22:0
Spring growth habit
17.7£0.59 0.91+0.06* 19.1+0.20* 57.9+0.52* 3.7910.26 0.34+0.05
Winter growth habit
17.5+0.58 1.19+0.10 22.9+0.35 54.0+0.64 3.73+0.27 0.39+0.06

Note: * - significant difference between spring and winter cultivars, p < 0.05.

Conclusions

1) On average, the total lipid content was higher in the spelt cultivars than in the breeding spelt
lines (3.04+0.24 % vs. 2.23+0.69 %, p < 0.05); 2) There was a significant difference between the average
content of total lipids in the spelt cultivars, but not the breeding spelt lines, and the common wheat
cultivars, indicating deterioration in the grain quality in terms of oil content in the process of spelt
breeding; 3) Six major fatty acids were found in hexaploid wheat species, with linoleic acid being the most
abundant; 4) Common wheat is not inferior to spelt in terms of unsaturated fatty acid levels, as the ratios
of unsaturated acids to saturated ones in grain of T. spelt accessions were similar to those in commercial
common wheat cultivars; 4) Common wheat cultivar Heroinia had the most beneficial
unsaturated/saturated ratio of 4.5; 5) We detected no differences in unsaturated acid amounts between
spring and winter hexaploid wheat accessions; 6) We observed no patterns in variability of fatty acid
contents across the accessions under investigation, because same accession can be characterized by a
wide variability in one fatty acid and by a narrow range for another, and, at the same time, the same fatty
acid can be very variable within one accession and little variable in another; 7) There were no significant
differences in the total lipid content and fatty acid levels between the study years for the same accession.
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MNMopiBHAHHA M’AIKOI NWeHULi Ta crnenbTU 3a BMICTOM 3aranbHUX NinigiB Ta piBHEM

XUPHUX KNCIOT
J1I. Penina, O.I'. CynpyH, P.J1. BorycnaBcbkui, J1.A. Beuepcbka, O.10. JleoHoB, O.B. AHuudeposa,
0O.B. lNonik

CborogHi iHTepec cenekuioHepiB, BUPOOHMKIB Ta CMOXWBa4YiB MOBEPTAETbLCA OO CTapoAaBHiX MLEHWUb, Takux SK
Triticum spelta, siki yacTo BBaXatTb Oinbll UiHHUMKW ONS 300POBOrO XapyyBaHHA. B CBiTNi LbOro My MopiBHAMM
COPTH, 3pasku Ta CenekuiiHi MiHii cnenbTy 3 KOMEPUIMHMMM CopTaMy M’SIKOI MLWEHWLI 3a BMICTOM 3aranibHUX ninigis,
PIBHEM >XUPHMX KUCINOT Ta CNiBBIAHOLEHHAM HEHACUYeHi/Hacu4eHi XMpPHi KNCnoTu B 3epHi. Jlinign ekctparyBanu B
anapati Cokcneta. Cknag >XUPHMX KWACMNOT BM3HA4Yanum MeToAOM ras3oBoi xpomaTtorpadii. B cepegHboMy BMiICT
3aranbHuX ninigis 6yB BuLle B copTax CnenbTu, HiK B cenekuinHux niHisx (3,04+0,24 % npotn 2,2310,69 %,
p < 0,05). BusBneHa ictoTHa pisHMUS 3a cepedHiM BMICTOM 3aranbHuX MinigiB Mk copTamu cnemnbTu Ta copTamu
M’sikoi nwenudi (3,04+0,24 % npotn 2,44+0,57 %, p < 0,05), npoTe cenekuinHi NiHii cnenbTn He BiOPI3HANWCH Big
COpTiB M’'SIKOI NeHMUi. Y rekcannoigHux Buaax nweHudi 6yno BMSIBNEHO 6 rONOBHUX XUPHUX KUCMOT, cepen sIKUx
nepeBaxara niHonesa kucnota. BoHM po3TalloBylOTLCS Y NOPSAKY 3HWKEHHS BMICTY HacTyrnmHUM YMHOM: NiHonesa >
orneiHoBa > nanbMiTUHOBa > fMiHONEHoBa > cTeapuHoBa > nanbMmiToneiHoBa. Mu TakoX BUABUNN 3 MIHOPHI XUPHI
KMCMOTW Yy CnigoBiiA KiNbKOCTI: eliko3aHoBa (apaxiHoBa), eviko3eHoBa Ta GereHoBa kucnoTu. M’dka nuwieHvusa He
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J1I. PeniHa, O.I'. CynpyH, P.J1. BorycnaBckkum, J1.A. Beuepcbka, O.10. JleoHoB, O.B. AHuudepoBa, O.B. lNonik m
L.l. Relina, O.H. Suprun, R.L. Bohuslavskyi, L.A. Vecherska, O.Yu. Leonov, O.V. Antsyferova, O.V. Golik

MOCTYNaeTbCA CnenbTi 3@ PiIBHEM HEHaCUYEHWUX >KUPHWUX KUCMOT, OCKINbKW BiAHOLUEHHS HEHaCWYeHWX KUCMOT A0
Hacu4eHnx y 3epHi 3paskiB T. spelta nogidbHe OO0 TaAKOro y KOMEpPUiNHMX copTax M’sikOi mweHuui. BmicT oneiHoBoi
KWCNOTU BULLMIA Y 3paskax crnenbTu, TOAi K BMICT NiHOMEeBoi kucnotn 6ys BuwmmM y coptax T. aestivum. CopT apoi
M’sIKOT MweHuui epoiHa MaB Halikpalle BBIOHOLLEHHSI HEHACUYEHUX KUCNOT OO0 HacuveHux — 4,5. Mu He BusaBunu
BiAMIHHOCTEWN Y KiNMbKOCTi HEHACUYEHUX XXMPHUX KUCIOT MK 3pa3kamm Spoi Ta 03MMOi rekcannoigHoi nwenuui. Mu He
cnocrepirany 3akOHOMIpHOCTEN BapiabenbHOCTI BMICTY XXMPHUX KUCNOT Y AOCHISKEHUX 3pa3kax, OCKINbKN OAWH i TON
e 3pa3oK xapakTepusyBaBCs LUMPOKOK BapiabenbHICTIO BMICTY OOHIET XUPHOI KUCNOTKM i BY3bKOO BapiabenbHiCTo
BMICTy iHLIOT, i y TOM e camuii Yac ofHa i Ta XX cama >XWpHa KucrnoTa Morna Bigpi3HATUCL Oyxe BapiabensHUM
BMICTOM y O0HOMY 3pa3Ky i manoapiabenbHuM B iHWOMY. He BUSIBNEHO iCTOTHOI Pi3HMLi Y BMICTi 3aranbHux ninigis
Ta PIBHAMM XUPHUX KUCMOT 33 pOKamMun B Mexax Of4HOro 3paska.

KntouoBi cnoBa: XupHi kucromu, 3aearnbHi niniou, 8i0HOWEeHHs HeHacudyeHux kucrom Ao Hacu4yeHux, Triticum
spelta, Triticum aestivum.

lMpo aemopie:

J1.I. Penina — IHcTuTyT pocnunHHmuTea imeHi B.A. FOp’eBa HAAH Ykpaiiu, MockoBcbkuin np., 142, Xapkis, YkpaiHa,
61060, lianaisaakovna@gmail.com, https://orcid.org/0000-0003-2833-5841

O.I". CynpyH — IHCTUTYT pocnuHHMUTBa imeHi B.A. FOp’eBa HAAH Ykpainn, MockoBcbkuid np., 142, XapkiB, YkpaiHa,
61060, oleg.suprun@ukr.net, https://orcid.org/0000-0002-7708-093X

P.J1. Borycnaecbkuii — IHCTUTYT pocnuHHMLTBa iMeHi B.A. IOp’eBa HAAH YkpaiHn, Mockoscbkun np., 142, Xapkis,
YkpaiHa, 61060, boguslavr@meta.ua, https://orcid.org/0000-0003-3145-4788

JILA. Bedepcbka — IHCTUTYT pocnuHHuuTBa imeHi B.A. lOp’ea HAAH YkpaiHu, MockoBcbkuii np., 142, Xapkis,
Ykpaina, 61060, lyudmila_vecherska@ukr.net, https://orcid.org/0000-0003-3513-6701

O.10. NleoHoB — IHCTUTYT pocnuHHMLUTBa iMeHi B.A. KOp’eBa HAAH YkpaiHu, MockoBcbkun np., 142, Xapkis, YkpaiHa,
61060, oleleo@i.ua, https://orcid.org/0000-0001-9191-8658

0.B. AHuudbepoBa — IHCTUTYT pocnmHHMuTBa iMeHi B.A. KOp’eBa HAAH Ykpainu, MockoBcbkuii np., 142, Xapkis,
YkpaiHa, 61060, antsyferova.olya@gmail.com, https://orcid.org/0000-0002-1466-1294

0O.B. lonik — IHCTUTYT pocnuHHMuTBa iMeHi B.A. FOp’ea HAAH Ykpainn, MockoBcbkuid np., 142, XapkiB, YkpaiHa,
61060, golik.oleg.vi@gmail.com, https://orcid.org/0000-0001-9893-8037

CpaBHEHVIe MSATKOM NWeHULUbl U cnenbTbl NO coaepxaHuro ooWwmux NMNuAoB U

YPOBHIO XNPHbIX KUCIOT
JI.U. Penuna, O.I'. CynpyH, P.J1. BorycnaBsckun, J1.A. Beuepckas, O.10. JleoHos, O.B. AHubIcepoBa,
0.B. lNonuk

CerofHs VHTEpEC CenekuMoHepoB, Npon3BoaUTENen 1 NoTpebuTenein Bo3BpallaeTcsl K APeBHUM MNLLEHMLAM, Takum
kak Triticum spelta, KOTOpble YacTo cunTalT Oonee LieHHbIMW ANst 300POBOro nNuTaHus. B cBeTe aTOro mMbl cpaBHUNM
copTta, 06pas3ubl U CeneKUMOHHbIE NMMHUM cnenbTbl C KOMMEPYECKUMI COPTaMy MSITKOW MLUEHULBI MO COAEPXKaHMIO
O6LLMX NTMMMAO0B, YPOBHIO XXUPHbBIX KUCIOT M COOTHOLUEHUIO HEHAChILEHHbIE/HACBILLEHHBIE XUPHbIE KACMOThI B 3€pHE.
Jivnnabl akcTparnpoBanu B annapate CokcrneTta. COCTaB XUPHbIX KWACMOT onpedensnun MeTOAOM ra30BOK
xpomatorpacduun. B cpegHem copepxaHune obwmx nunuaoB Gbin Bbilie B cOpTax cnenbTbl, YeM B CENEKLUOHHbIX
nmHuax  (3,04+0,24 % npotuB 2,23+0,69 %, p <0,05). OOGHapyxeHa CylleCTBEHHas pasHuua no cpeaHemy
CoAepXaHuio o0WMX NUMNuAoB Mexay CopTamMu cnenbTbl U copTamu Msrkon nweHuupl (3,04+0,24 % npoTuB
2,44+0,57 %, p < 0,05), ogHaKo CeneKkuMOHHbIE NIMHWM CMeNbTbl HE OTNMYANUCb OT COPTOB MSATKOW MLIEHUUpbl. Y
rekcannougHbIX BMAOB MLIEHWLbl ObiNo BbISBNEHO 6 rMaBHbIX XMPHBIX KUCIOT, cpeau KOTopbix npeobnagana
nuHonesas kucrnota. OHKM pacnonaralTcst B nopsiake yobiBaHUS copepkaHus criedytowum obpasom: nuHonesast >
onevHoBas > NanbMWTUHOBAsi > FNMHOMEHOBasi > CTeapuHOBas > nanbMuTofieMHoBasi. Mbl Takke OOHapyxunu
3 MWHOpPHbIE XUPHbIE KUCMNOTbI B CrEeJOBOM KONMYECTBE: 3MKO3aHOBas (apaxvHoBasi), arko3eHoBasi U GereHoBas
KucnoTel. Msrkasi nuweHuua He ycTynaeT chefnbTe MO YPOBHIO HEHACHILEHHBIX >XMPHbBIX KWCMOT, MOCKOJbKY
OTHOLLUEHME HEHAaCbILWEHHbIX KUCMOT K HacbllWeHHbIM B 3epHe ob6pasuoB T. spelta nogobHo TakoBOoMy B
KOMMEPYECKMX copTax MArkow nweHuubl. CogepxaHme OnevHOBOW KUCMOThI Bbille B 06pa3uax cnenbTbl, Toraa Kak
COAEepXXaHune NMHONEBO KMCOTbI Obino Bbiwe B copTax T. aestivum. CopT SpoBON MATKOW NieHUUbl FeponHa umen
nyyliee OTHOLUEHME HEHACLILEHHbBIX KUCIOT K HacbiWeHHbIM — 4,5. Mbl He oBHapyXunu pasnuyvin B KONMM4ecTBe
HeHaCbILLEHHBIX XWPHbIX KUCNOT Mexay obpa3suamm SpoBON 1 03MMON rekcannonaHon nweHuusl. Mel He Habnoganm
3aKOHOMEPHOCTEN BapunabernbHOCTM COAEePXKaHUS XUPHbIX KUCINOT B UCCrefoBaHHbIX obpasLax, MOCKONbKY OAMH U
TOT e obpasey xapakTepu3oBarcsi LUMPOKON BapuabenbHOCTbI0 COAEpXaHWUs OLHOWM XXMPHOW KUCNOTbl U Y3KOW
BapunabenbHOCTbIO CoAepXKaHUs OPYroi, U B TO )Xe BPEMSI OfHA U Ta Xe XUPHas KACMNoTa Morna OTnnyaTbCsl O4eHb
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BapuabesnbHbIM codepxaHMeM B o4HOM obpasue M manoBapuabenbHbiM B ApYroM. He BbISIBNIEHO CyLLECTBEHHOW
pa3sHULbl B coaepXaHnn oBLLIMX NMUMULAOB M YPOBHSIX XUPHbIX KUCIOT No rodam B npefenax ogHoro oGpasua.

KnroueBble cnoBa: XupHble Kucriomsbi, obwue nunudbl, OMHOWEHUEe HEHAaCbIUEHHbIX KUC/IOM K HacCbIUEHHbIM,
Triticum spelta, Triticum aestivum.
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