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Although wheat has never been considered an oil crop, oil from wheat germs and bran is valuable
because it contains important bioactive compounds. Most of studies in this area were conducted with
traditional commercial wheat varieties. At the same time, the interest of breeders, producers and
consumers is going back to ancient and underutilized wheats species. In this respect, we set the purpose
to evaluate tetraploid wheat species (Triticum. dicoccoides var. pseudojordanicum, Triticum dicoccum,
Triticum timofeevii, Triticum persicum var rubiginosum, Triticum durum var. falcatamelanopus,
Triticum polonicum var. pseudocompactum and Triticum aethiopicum var. densimenelikii ) for fatty acid
composition. Grain was harvested in 2015, 2016, 2017, 2018 and 2019. Fatty acid methyl esters were
prepared by the modified Peisker method. Fatty acid composition was analyzed by gas chromatography.
Six major fatty acids were found in grain of tetraploid wheat species, with linoleic acid being the most
abundant. The ratio of unsaturated acids to saturated ones in grain of wild emmer T. dicoccoides var.
pseudojordanicum was slightly lower than in the domestic emmer varieties. T'. timofeevii, emmer varieties
Holikovska and Romanivska and radium wheat variety Spadschina had the most beneficial unsaturated/
saturated ratios. As conclusion there was no evidence of deterioration in the grain quality in terms of
unsaturated fatty acid levels, and we observed no patterns in variability of fatty acid contents across the
species under investigation.

Fatty acid composition was analyzed by gas chromatography. Six major fatty acids were found in
grain of tetraploid wheat species, with linoleic acid being the most abundant. The ratio of unsaturated
acids to saturated ones in grain of wild emmer T. dicoccoides var. pseudojordanicum was slightly lower
than in the domestic emmer varieties. T. timofeevii, emmer varieties Holikovska and Romanivska and
durum wheat variety Spadschina had the most beneficial unsaturated/saturated ratios.

There was no evidence of deterioration in the grain quality in terms of unsaturated fatty acid levels.
We observed no patterns in variability of fatty acid contents across the species under investigation.
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The consumption of vegetable oils,
including human and pet food production,
numerous industrial uses, perfumery/
cosmetic and pharmaceutical industries,
fuel manufacturing, etc., has increased

octacosanol [2], tocopherols [3], carotenoids [4]
and unsaturated fatty acids [3]. Wheat germ
oil is in demand in the cosmetics industry.
Wheat bran oil contains carotenoids [5] and
tocopherols [6]. Most of studies in this area

dramatically in the past century. Although
wheat has never been considered an oil crop
(oil from wheat germs makes up around 2.5%
by weight of the kernel [1], oil from wheat
germs and bran is valuable because it contains
important bioactive compounds such as
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are conducted on traditional commercial wheat
varieties. However, there is an opinion that
the value of wheat oil reduced in the course of
domestication, in particular, domestication
of emmer [7]. At the same time, the interest
of breeders, producers and consumers in the
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215 century is going back to ancient wheats,
spelt, emmer, einkorn, as well as to domestic,
but underutilized species [8]. They are
valuable especially for resistance to fungal
diseases, unpretentiousness to cultivation
conditions and grain quality. Grain quality
parameters are primarily the protein content
and composition; contents of antioxidants,
vitamins and minerals; and these wheat
species often outperform commercial varieties
by these parameters. In the literature, there
is very little information on the quality of
ancient wheat oil. It was found that the lipid
content in einkorn grain was 50% higher than
that in wheat bread grain (4.2 and 2.8 g/100 g
of dry weight, respectively)[9].

It should be noted that this comparison
cannot be considered quite correct, since ploidy
of these wheat species is different (einkorn is
diploid, and bread wheat is hexaploid), yet such
a comparison can be valuable for evolutionists
and producers. It was demonstrated that grain
of Triticum monococcum L. ssp. monococcum
was rich in polyunsaturated fatty acids [10].
Linoleic acid (polyunsaturated omega-6 fatty
acid) was one of the predominant acids among
14 identified fatty acids in T. monococcum
grain [11].

In this respect, it is expedient to evaluate
underutilized tetraploid wheat species for oil
quality, in particular, to focus on breeding
accessions of wild emmer Triticum dicoccoides
var. pseudojordanicum, domestic emmer
Triticum dicoccum as well as its tetraploid
relatives: Triticum timofeevii, Triticum
persicum var rubiginosum, Triticum durum
var. falcatamelanopus, Triticum polonicum
var. pseudocompactum and Triticum
aethiopicum var. densimenelikii.

Purpose — to study the fatty acid
composition of oil from grain of T. dicoccoides
var. pseudojordanicum, T. dicoccum,
T. timofeevii, T. persicum var rubiginosum,
T. durum var. falcatamelanopus, T. polonicum
var. pseudocompactum and T. aethiopicum var.
densimenelikii, T. dicoccum var. serbicum and
T. dicoccum var. atratum.

Materials and Methods

Domestic emmer (T. dicoccum) varieties
were kindly provided by the Laboratory of
Wheat Breeding and Physiology of the Plant
Production Institute (PPI) named after
V. Ya. Yuriev of the National Academy of
Agrarian Sciences of Ukraine. Accessions
of T. dicoccoides var. pseudojordanicum
(IR00517, Israel), T. timofeevii (UA0300107,

Georgia), T. persicum var rubiginosum (UA
0300066), T. durum var. falcatamelanopus
(IR 00137, Syria), T. polonicum var.
pseudocompactum (UA 0300337), T. dicoccum
var. serbicum (UA0300183, Russia),
T. aethiopicum Jakubz. var. densimenelikii
(violet grain) (UA0300480), T. dicoccum
var. atratum (UA0300485, Hungary), T.
dicoccum var. atratum (UA0300214, USA),
and T. dicoccum var. atratum (UA0300081,
Poland) were kindly provided by the National
Center for Plant Genetic Resources of Ukraine.
Wheat was grown in the PPI’s experimental
plots in compliance with conventional farming
techniques. Grain was harvested in 2015,
2016, 2017, 2018 and 2019. Two samples of
freshly-harvested (to avoid the storage effect)
grain were analyzed for each year. Whole
kernels were milled on a laboratory mill LZM.

Fatty acid methyl esters were prepared by
the modified Peisker method [12]. 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 ul of lipid extract was pla-
ced in a glass ampoule; 2.5 ml 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 ml of distilled water and 2 ml 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 [13].

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 lengthx4 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 ul of hexane solution of
fatty acid methyl esters was injected. Gas
chromatography was operated under the following
conditions: nitrogen flow 30 ml/min; hydrogen
flow 30-35ml/min; air flow 300 ml/min;
column temperature 180 °C; injector temperature
230 °C and FID temperature 220 °C. The fatty
acids were identified by comparing the retention
times of the peaks with those of reference fatty
acid methyl esters (Sigma-Aldrich, USA).

The percentages of fatty acid methyl esters
were calculated by internal normalization.
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The data were statistically processed in
STATGRAPHICS PLUS, using ANOVA
method. The results in the Table are presented
as mean = standard deviation (SD) and reported
to three significant figures. Graphs were
plotted in Statistica 10.

Results and Discussion

As we had expected, 6 major fatty acids
were detected in all wheat species. They
are listed in order of decreasing amounts
as follows: linoleic (C18:2) > oleic (C18:1)
>palmitic (C16:0) > linolenic (C18:3) >
stearic (C18:0) > palmitoleic (C16:1). This
distribution did not vary from year to year
and is slightly different from the ranking
reported by Narducci V. et al for durum wheat
[14]: linoleic (C18:2) > palmitic (C16:0) ~ oleic
(C18:1) > linolenic (C18:3) > stearic (C18:0)
> palmitoleic (C16:1). We also detected trace
amounts of 3 minor fatty acids: eicosanoic acid
(C20:0), eicosenoic acid (C20:1) and behenic
acid (C22:1). Their contents were 0.1% in most
of the species under investigation (below 0.5%
in all the species) and characterized by wide
variability. At the same time, the palmitoleic
oleic acid content was much less variable
in most of the species under investigation,
although it never exceeded 1% and was 0.1%,
too, in many cases. Fig. 1 shows a typical
chromatogram of one of the best (in terms
of unsaturated fatty acid content) wheat
accessions.

Bottari et al. [15] obtained more than
60 peaks by gas chromatography and mass
spectrometry and identified fatty acids with
even numbers of carbon atoms from C12 to
C30 as well as with odd numbers of carbon
atoms C15 and C17. The database of the
United States Department of Agriculture
(USDA) also reports small levels of C14:0
in durum wheat kernels (0.003 g/100 g
fresh matter). There are also publications
reporting minor fatty acids (C17, C20, C22
and C24) both in kernels [16] and in germ oil
[17, 18]. Myristic acid (C14:0) was present
in negligibly small amounts and irrelevant
for calculation of fatty acid percentages. We
detected no other minor fatty acids, as they
were below limit of quantification for our
method. Only C16:0, C18:0, C18:1, C18:2
and C18:3 accounting for around 90% of the
total fatty acid content in durum wheat grain
are constantly reported by all researchers
and considered as the most important ones
in durum wheat, while others amount to
approximately 1-2% in total [19].
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Wheat and other cereals lack A°desaturase,
the enzyme responsible for catalytic conversion
of linoleic acid to y-linolenic acid [20] and
conversion of a-linolenic acid to stearidonic
acid (C18:4). Therefore, we expectedly found
no stearidonic acid, and all the linolenic acid in
our samples should be considered as a-linolenic
acid.

There is an idea that some parameters
of grain quality can deteriorate during
domestication. For example, Chatzav et al.
reported that domestic emmer was inferior
to its wild ancestor in terms of protein, iron
and zinc contents [21]. Unsaturated fatty acid
levels are obviously not the case, since the
ratio of unsaturated acids to saturated ones
in grain of wild emmer T. dicoccoides var.
pseudojordanicum is even slightly lower than
in the domestic emmer varieties bred at the
PPI (Table).

It is noteworthy that there were no
significant differences for 4 (palmitic, linoleic,
oleic and palmitoleic) of 6 major fatty acids
between T. dicoccoides var. pseudojordanicum
and T. dicoccum var. serbicum, which is
considered to have not been crossed with
other tetraploid species and have undergone
the least changes in the breeding process.
On the other hand, T. dicoccum var. atratum
accessions from different locations, which
are morphologically very close, in many cases
differ one from another in contents of 5 of 6
major fatty acids (except palmitoleic acid).

Increased unsaturated fatty acid contents
is known to be associated with cold tolerance
and considered as a general biological pattern.
However, there are data that increased
unsaturated fatty acid contents are due rather
to cold hardening than to genetic differences
between cold hardy and less hardy varieties, as
the fatty acid profiles did not differ between
the varieties under investigation [22]. For
oil crops, Chernova et al. [23] reported
that winter-type rapeseed seeds contained
triglycerides with a lower degree of saturation,
while in spring-type rapeseed highly saturated
lipids were the most abundant. We found that
the unsaturated/saturated ratio in grain was
not associated with growth habit (winter vs.
spring).

The oil value is primarily determined
by unsaturated fatty acids. In this respect,
T. timofeevii seems the most promising species
for crossing with other tetraploid species
to improve wheat oil quality via breeding.
Nevertheless, the emmer varieties bred
at the PPI, Holikovska and Romanivska,
and durum wheat variety Spadschina, also
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Fig. 1. Typical chromatogram of fatty acid methyl esters extracted from T. timofeevii grain

developed by the PPI, boast rather high
unsaturated/saturated ratios (4.5, 4.7, and
5.1, respectively). These values are higher than
those registered for durum wheat in USDA
and Italian National Institute for Research on
Food and Nutrition (IINRAN) databases (3.0
and 3.5, respectively) and also higher than the
average ratio obtained by Narducci et al. for
Italian durum wheat varieties [14].
Interspecies comparison showed that
among emmer species T. timofeevii and
emmer varieties Holikovska and Romanivska
had the best unsaturated/saturated ratios
(see above). This is attributed rather to
the sum of unsaturated fatty acids than
to an increased content of one component.
Linoleic acid content in oil from T. timofeevii
grain was significantly higher than in oil
from T. dicoccoides var. pseudojordanicum,
T. dicoccum var. atratum (Poland), T. dicoc-
cum var. atratum (USA) and T. dicoccum
var. serbicum. Linolenic acid content in oil
from T. timofeevii grain was significantly
lower than in oil from T. dicoccoides var.
pseudojordanicum, but higher than in oil
from T. dicoccum var. atratum (USA) and
T. dicoccum var. atratum (Poland). Oleic
acid content in oil from T. timofeevii grain
was significantly lower than in oil from
T. dicoccoides var. pseudojordanicum,
T. dicoccum var. atratum (Poland) and
T. dicoccum var. serbicum, but significantly
higher than in oil from T. dicoccum var.
atratum (Hungary). Palmitoleic acid content
in oil from T'. timofeevii grain was significantly
higher than in oil from T. dicoccoides var.

pseudojordanicum, T. dicoccum var. atratum
(Poland), T. dicoccum var. atratum (USA),
T. dicoccum var. atratum (Hungary) and
T. dicoccum var. serbicum. As to domestic
emmer, linoleic acid content in oil from
varieties Holikovska and Romanivska
was significantly higher than in oil from
T. dicoccoides var. pseudojordanicum, T. di-
coccum var. atratum (Poland), T. dicoccum
var. atratum (USA), T. dicoccum var. atratum
(Hungary) and T. dicoccum var. serbicum.
Linolenic acid content in oil from varieties
Holikovska and Romanivska was significantly
lower than in oil from T. dicoccoides var.
pseudojordanicum, but higher than in oil
from T. dicoccum var. atratum (Poland) and
T. dicoccum var. atratum (USA). Oleic acid
content in oil from varieties Holikovska and
Romanivska was significantly lower than in
oil from T. dicoccoides var. pseudojordanicum,
T. dicoccum var. serbicum, T. dicoccum var.
atratum (Poland) and T. dicoccum var. atratum
(Hungary). Palmitoleic acid content in oil
from varieties Holikovska and Romanivska
was significantly higher than in oil from
T. dicoccoides var. pseudojordanicum, T. di-
coccum var. atratum (Poland), T. dicoccum
var. atratum (USA), T. dicoccum var. atratum
(Hungary) and T. dicoccum var. serbicum.
No differences between Holikovska and
Romanivska are explained by their close origin
in the breeding process.

As to durum wheat and related species,
variety Spadschina has the best unsaturated/
saturated ratio. The ratios for T. persicum var.
rubiginosum, T. durum var. falcatamelanopus,
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Fatty acid composition of tetraploid wheat grain oil (relative content,%)

P.al.- Paln}i- Stearic | Oleic Lin- Linple- Eico- | Eicose- Behenic Ratio
Source mitic toleic C18:0 | C18:1 oleic nic sanoic noic C22:0 Unsaturated/
C16:.0 | C16:1 : : C18:2 | C18:3 | C20:0 | C20:1 : Saturated
Not Not Not
USDA 23.9 0.51 1.02 19.3 52.8 2.54 men- men- men- 3.0
tioned | tioned | tioned
Not Not Not
INRAN 21.1 0.41 1.24 16.5 56.2 4.55 men- men- men- 3.5
tioned | tioned | tioned
Narducci 19.1+ | 0.40=* | 1.23* | 19.1+ | 54.0=*= | 6.35 = | Not de- | Not de- | Not de- 3.8
et al.[14] 3.18 0.08 0.38 5.58 12.7 1.59 tected | tected | tected :
Our data
Species or variety/Growth habit
T. dicoccoides
var. pseudo- | 17.7= | 0.08%= | 0.77% | 27.5* | 47.9= | 5.48=%= | 0.08= |0.10=| 0.39 = 4.3
jordanicum / | 0.28 0.01 0.09 0.05 0.14 0.14 0.001 0.01 0.03 :
winter
T.dicoccum
var. atratum | 18.9+ | 0.08= | 0.91+ | 24.2+ | 51.4+ | 4.01=| 0.10= [0.10=]| 0.33= 3.9
(Hungary)/ 0.14 0.03 0.02 0.19 0.42 0.02 0.01 0.01 0.04 :
winter
T. dicoccum
var. atratum | 18.0+ | 0.10=* | 1.17+ | 27.7+ | 48.8= | 3.60= | 0.09%= [0.11=*| 0.41 =+ 4.1
(Poland)/win- | 0.16 0.01 0.06 0.27 0.49 0.06 0.02 0.01 0.09 :
ter
Vgrdff;’r";&";l 18.8+ | 0.11+ [ 1.30+ | 26.6= | 49.1+ | 3.52= | 0.10= |0.12=| 0.36 = 3.9
(USA)/winter 1.02 0.05 0.17 0.53 1.53 0.19 0.02 0.04 0.03
T. dicoccum
. 16.7+= | 0.09+ | 1.38+ | 27.4+ | 494+ | 4,42+ | 0.11* [0.11*]| 0.44 =+
var. serbicum/| “g'39 | "9.01 | 0.11 | 0.21 | 0.54 | 0.12 | 0.01 | 0.01 | 0.02 4.3
spring
T. timofeevii/ | 15,4+ | 0.68= | 0.96 =+ | 25.7+ | 52.7+ | 3.99= | 0.13*= [0.10=]| 0.29 = 5.0
spring 0.15 0.04 0.07 1.31 1.32 0.27 0.05 0.02 0.08 :
vzrpfl:gll;‘l‘,’g 19.0= | 0.85= | 1.05= | 19.1% | 52.8= | 6.60= | 0.14= [0.12%| 0.30 = 3.9
sum/spring 0.66 0.13 0.04 0.73 0.65 0.60 0.04 0.08 0.06
fca‘llg‘aft‘jl%;’f‘; 17.3+ | 0.61% | 1.19+ | 20.9=+ | 54.9+ | 4.59= | 0.12+ |0.08=| 0.29 = 43
nopus/spring 0.71 0.08 0.10 1.48 0.81 0.23 0.05 0.02 0.07
T. polonicum
var. pseudo- | 18.4= | 0.64+ | 1.05+= | 21.1%+ | 53.4+|4.84=| 0.10= |0.09+| 0.32= 4.0
com pactum/ 0.16 0.08 0.07 1.02 0.81 0.41 0.04 0.04 0.08 :
spring
T. aethiopicum
var. densime | 19.1= | 0.64* | 0.95+ | 16.56*+ | 55.9+ | 6.46= | 0.11*= |0.07=| 0.29 + 3.9
nelikii (violet | 0.66 0.11 0.12 0.30 0.35 0.43 0.01 0.02 0.03 :
grain)/spring
Emmer Roma- | 16.0= | 0.30+ | 1.23+ | 24.3+ | 53.3*+ | 4.40=+= | 0.14%= |0.08=| 0.20 = 4.7
nivska/spring | 0.42 0.13 0.12 0.69 0.78 0.13 0.04 0.02 0.08 :
Eﬁ’(‘)l‘fgkg;’ 17.1+ | 0.39+ [ 0.98+ | 24.2+ | 52,9+ | 4.39= | 0.17+ |0.08=| 0.18 = 45
. 0.94 0.09 0.09 0.46 0.35 0.12 0.05 0.03 0.10 :
spring
Durum wheat
Spadschina | 14.9+ | 0.42+ | 1.21+|24.4+ | 54.3+|4.32+=| 0.13= |0.12+| 0.30 = 5.1
(reference va- | 0.39 0.09 0.11 0.33 0.45 0.16 0.04 0.04 0.10 :
riety)/spring
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Fig. 2. ‘Box-and-whiskers’ plots of fatty acid content in grain of tetraploid wheat species grown in the same
location for three consecutive years
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T. polonicum var. pseudocompactum and
T. aethiopicum var. densimenelikii were
less beneficial (Table). Thus, these species
are unadvisable to use in crossings for
improvement oil quality. The highest level of
linoleic acid was recorded for T. aethiopicum
var. densimenelikii (though there was no
significant difference in comparison with
T. durum var. falcatamelanopus); however
this species had the lowest level of oleic
acid (Table). The oleic acid levels in oil from
T. persicum var.rubiginosum, T. durum var.
falcatamelanopus and T. polonicum var.
pseudocompactum did not differ. The highest
levels of linolenic acid were observed in oil
from T. aethiopicum var. densimenelikii and
T. persicum var.rubiginosum grain (6.46 =
0.43% and 6.60 = 0.60%, respectively, vs.
4.84 +0.41% and 4.59 = 0.23%, respectively,
for T. polonicum var. pseudocompactum
and T. durum var. falcatamelanopus oil).
The highest level of palmitoleic acid was
determined in oil from T. persicum var.
rubiginosum (0.85 = 0.13% vs. 0.61 = 0.08%,
0.64 = 0.08% and 0.64 = 0.11% for T. durum
var. falcatamelanopus, T. polonicum var.
pseudocompactum and T. aethiopicum var.
densimenelikii oil, respectively).

The greatest variability was intrinsic to
fatty acids, contents of which were below 1% :
the peak variation coefficients amounted to
48.8% for palmitoleic acid in T. dicoccum var.
atratum (USA) and 67.7% for eicosenoic acid
in T. persicum var. rubiginosum. In Fig. 2, box
and whisker plots are presented.

The plots show no patterns in variability
of fatty acid contents across the species
under investigation. The same species (for
example, T. persicum var. rubiginosum with
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KAPHOKHCJIOTHUI CKJIAJ OJII I3
3EPHA JESIKAX BUJIB TETPAILIOITHOI
HNIIEHUIIT
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HesBakarouu Ha Te, II[0 NIMEHUIIS HIKOJIU
He HaJIekaJjia 0 OJIIMHUX KYJbTYP, OJif0 3 IIIe-
HUYHUX 3aPOJKiB Ta BUCIBOK BBaKaIOTh I[iHHOIO,
OCKiJIBbKM BOHA MiCTHUTH BaKJIUBi 0ioaKTuBHI
cronyku. BinbmricTs mocaipskens y miit ramysi
OPOBOAATEL HA TPAAUIIINHUX KOMEPIIINHUX COP-
Tax ImireHuIi. BogHouac iHTepec celeKIioHepis,
BUPOOHUKIB TAa CHOMKMBAUIiB MOBEPTAETHCA IO
JTaBHiX Ta MaJIOIIOIIUPEHUX BUAIB NIIIEHUIIi. 3 Or-
JAAy Ha BUINe3a3HaueHe MU IIOCTAaBUJIU 34 METY
omiHuTHU TeTpanaoigui Buau nmenuti (Triticum.
dicoccoides var. pseudojordanicum, Triticum
dicoccum, Triticum timofeevii, Triticum
persicum var rubiginosum, Triticum durum var.
falcatamelanopus, Triticum polonicum var.
pseudocompactum i Triticum aethiopicum var.
densimenelikii) 3a TOKa3HUKaMU KUPHOKMUC-
JIOTHOTO cKJany. Ilad olmiHIOBAaHHA BUKOPUCTO-
ByBaJiu 3epHO Bpoxkaiw 2015, 2016, 2017, 2018
Ta 2019 pp. Meruosi edipu :KUPHUX KUCJIOT I'O-
TyBaJsu 3a moaudikoBaHuM metonoM Ilefickepa.
JKUpHOKHCIOTHUH CKJIaL aHa i3yBaal MeTOL0M
rasoBoi xpomaTtorpadii.

¥V 3epHi BUiB TeTpaIIoigHOI MIeHUIi OyJI0
3HaAWAEeHO IIIiCTh OCHOBHUX KUPHUX KUCJOT,
i HaliBuUIUM OyYB piBeHBb JiHOJEBOI KHCJIOTH.
CuiBBifHOIIEHHS HeHACUUEHUX KUCJIOT JO HACH-
YeHUX y 3epHi qfuKopocaoi moabu T. dicoccoides
var. pseudojordanicum 6yJio Jemio HUMKUNM, HixK
y 3epHi copTiB KyabTypHOI moabu. T. timofeevii,
coptu noabu 'omikoBcbka i PomaniBebKa, a Ta-
KOJK copT TBepmoi mmrenuiii CoagimuHa Majan
HaWKpallli COiBBiIHOIIIEHHA HeHAacUYeHi/Hacu-
YeHi JKUPHI KUCJIOTHU.

He orpumaHo moKasiB moripmieHHS AKOCTI
3epHAa 3a MOKa3HMKOM DiBHIiB HEHACUYEHUX JKUP-
HuX KucaoT. Mu He criocTepiraiu 3aKOHOMipHOC-
Tell y BapiabeJbHOCTi BMiCTY JKUPHUX KUCJIOT Y
3epHi JoCTaigKeHnX BUMIB.

Knwu4osi crosa: BuaM TETPAIJIOIAHOI MITEHUIT],

JKUPHI KUCJIOTH, SKicTh 0Jil, rasoBa XpomMarTo-
rpadisda.
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HecmoTps Ha TO, UTO MIIMEHUIIA HUKOTAA He
OTHOCHUJIACh K MACJIUYHBIM KYJbTypaM, MacJio 13
MITTeHUYHBIX 3aPOJBIIIEH 1 OTPy0eil CUUTAIOT 1eH-
HBIM, ITOCKOJIBKY OHO COZIEPIKUT OMOJIOTUUECKY aK-
TUBHBIE COeINHEHNA. BOJBIITMHCTBO UCCIeT0OBAHNM
B ATOM 00JIaCTU ITPOBOJAT HA TPASUITMOHHBIX KOM-
MepPUYeCKUX COPTax MINeHHUIbl. B To ke BpeMs uH-
Tepec CeJIeKIIMOHePOB, IIPOU3BOIUTEIEH U OTpe-
OuTeseil BO3BpalllaeTcsAa K APEBHUM U MaJIOUCIIOJb-
3yeMbIM BUAM MIINEHUIbI. ¥ YNTHLIBAS BBIIIIEU3JIO0-
JKeHHOe, MBI ITIOCTABUJIU 1eJb OIeHUTh TeTPAILIO-
uaHbie BuAbI nieHutsl (Triticum. dicoccoides var.
pseudojordanicum, Triticum dicoccum, Triticum
timofeevii, Triticum persicum var rubiginosum,
Triticum durum var. falcatamelanopus, Triticum
polonicum var. pseudocompactum u Triticum
aethiopicum var. densimenelikii) mo moxasare-
JISIM JKUPHOKMCJIOTHOT'O COCTaBa. 3€pPHO cOOMpasIn
B 2015, 2016, 2017, 2018 u 2019 rr. MeTtujioBbIe
3(pUPHI JKUPHBIX KUCJIOT TOTOBUJIN IO MOAUDUAILV-
poBarHOMy Merony Ileiickepa. JKMPHOKMCIOTHBIIT
COCTaB aHAJM3UPOBAJIN METOLOM ra30BOM XPOMATO-
rpadgun.

B sepHe BUI0B TeTpPANJOUIHON IIIITEHUIIBI
ObIJI0 OOHAPYKEHO IIIEeCTh OCHOBHBIX JKHPHBIX
KHCJIOT, 1 HanboJee BEICOKUM ObIJI YPOBEHb JIMHO-
JeBoii KucaoThl. COOTHOIIEHNE HEHACHIIITEHHBIX
KMCJIOT K HACBIIEeHHBIM B 3epHEe AUKOU moJIObI T.
dicoccoides var. pseudojordanicum ObLIO HECKOJIb-
KO HUJKe, UeM B 3epHe COPTOB KYJIbTYPHOH ITOJIOBI.
T. timofeevii, copra moaosl 'onmuKkoscbka u Poma-
HUBCBHKa, a TaKyKe COPT TBepHou nmrenuiibl Coa-
IIIUHA XapaKTePU30BAINUCh HAUJIYUIIUMU COOTHO-
IIIeHUAMU HeHACBIIeHHbIe /HACHIIIIeHHbIe JKUPHbBIEe
KUCJIOTHI.

He nosryueHo noKas3aTeIbCTB yXYAIIIEHUA Kade-
CTBa 3epHa I10 II0KAa3aTe 0 YPOBHE HeHACHIIIeH-
HBIX KUPHBIX KUCJIOT. MBI He HaOJOma U 3aKO-
HOMEPHOCTel B BapuabebHOCTH COCTaBa JKUPHBIX
KUCJIOT B 3epHE MCCJIeIOBAHHBIX BUOB.

Knwouesnvle cnosa: BUbI TETPATLIOUIHON MITIEHN-
IbI, JKUPHBbIE KUCJIOTHI, KAUEeCTBO MacJjia, ra3oBas

Xxpomartorpadus.





