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Spelt wheat (Triticum aestivum ssp. spelta (L.) Thell.) is a type of hulled wheat whose genome is the same as
that of hexaploid common wheat (7. aestivum L.) and is characterized by many valuable properties, including
plant resistance to pathogens, better adaptability to adverse environmental factors, increased protein content in
the grain, and nutritional value of the grain. In recent years, the popularity and use of spelt in the world, and in
Ukraine in particular, has been steadily growing, which is associated with the development of organic farming,
as well as the need for high-quality food products provided by this crop. In this regard, the purpose of this
review was to present the current state of research into the biological properties of spelt wheat, as well as the
prospects for its use in breeding. The current hypotheses of the origin of this crop, its distribution in the world
and Ukraine, as well as the biological characteristics of this cereal are briefly considered. The genetic features of
spelt are highlighted in detail, in particular the genes of morphological traits, vernalization and photoperiod, the
variability of waxy genes. The polymorphism in the genes of storage proteins and the prevalence of their alleles,
which can be used as marker systems and a source of enriching the common wheat gene pool, are described. The
modern data on the quality of spelt grain, including its physical properties, chemical composition, functional-
technological and baking properties of flour are presented. The physiological effect of spelt consumption is
highlighted. This cereal is considered as a source of useful genes for common wheat breeding. The information
on modern strategies and new scientific directions of genetic improvement of this crop is presented.
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INTRODUCTION

Spelt wheat (Triticum aestivum ssp. spelta (L.)
Thell.) is a type of hulled wheat, whose genome,
AABBDD, is the same as that of the hexaploid com-
mon wheat (7. aestivum L.), has the forms of spring
and winter type of development. The conducted
analysis of spelt genotypes demonstrated its high
rate of genetic diversity (Bertin et al., 2004); it is
characterized by polymorphic distribution of repeated
sequences in chromosomes (Gorieva-Duba et al.,
2018); it has considerable differences in central zones
(centAHG) of chromosomes 1A, 5B, and 7B, as com-
pared to common wheat which demonstrates evolu-

tionary chromosomal translocations and restructuring
(Wang et al., 2024). Some researchers deem T. spelta
to be the oldest hexaploid, from which other species
originated, including common wheat (Lechterbeck,
Kerig, 2024). The archeological data indicate the
existence of spelt about 7000 BC in Iraq which cor-
responds to the Neolithic Age (Kohler-Schneider,
Caneppele, 2009).

Spelt attracts the breeders’ attention due to its
valuable traits, which common wheat does not have,
namely, plant resistance to pathogens, better adapt-
ability to unfavorable environmental factors, increased
protein content in kernel, nutritional value of kernel
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(Chrpova et al., 2021; Diordiieva et al., 2024). It has
such biological advantages as high tillering coeffi-
cient, easy cultivation conditions, high vitreousness
of kernel which does not shatter and is not damaged
by birds and insects, tolerance to excessive moisture,
relatively early maturity, cold and winter resistance
of plants (Zvedenyuk, 2013). Even the hull, closely
covering the spelt kernel, plays a positive role in pro-
tecting grain from the accumulation of chemicals and
mycotoxins, harmful for health (Salarov, Filipchev,
2020). From the agronomical standpoint, spelt uses
nutrients more efficiently than wheat thus requiring
a smaller amount of pesticides, herbicides and fertili-
zers and does not need seed treatment prior to sowing
due to the presence of hulls (Frakolaki et al., 2018). It
is a natural wild wheat which reacts to climate change
and deterioration of soil fertility less than modern
wheat cultivars (Salarov, Filipchev, 2020).

There are enough experimental data which demon-
strate that nutritional characteristics of spelt kernel
are better than those of modern cultivars of common
wheat (Dinu et al., 2018). Spelt is notable for high
protein content in kernel (8.0—10.0% more than in
Triticum aestivum L., 3.0-8.0% more than in 7. sphae-
rococum Persiv.), the availability of nutrients which
are not present in products of animal origin (Geisslitz
et al., 2019; Kraska et al., 2020; Huertas-Garcia et
al., 2023; Porto et al., 2025). Spelt kernel contains
more valuable lipids and minerals, including higher
levels of Fe, Zn, Cu, Mg, and P, more vitamins and
soluble dietary fiber (Rybalka et al., 2024; Valsalan
et al., 2025). It has 8-10 times higher content of re-
sistant starch (Escarnot et al., 2010), higher content
of such antioxidants as folates, alkyl resorcinols, and
phytosterols (Hammed, Simsek, 2014), has more se-
lenium in kernel than modern wheat (Filipcev et al.,
2013), contains less phytic acid which chelates mine-
rals, and thus has not only high content of minerals
but also is remarkable for their higher accessibility
(Kohajdova, Karovicova, 2008; Longin et al., 2023).
At the same time, spelt contains less carbohydrates
and fiber than common wheat (Boukid et al., 2018,
Rodriguez-Quijano et al., 2019). In addition, spelt
grain flour has unique taste qualities, and baked bread
has a long period of non-hardening (Tverdokhlib et
al., 2013).

In recent years, the popularity and use of spelt
in the world, and in Ukraine in particular, has been
steadily growing, which is associated with the de-
velopment of organic farming, as well as the need

for high-quality food products provided by this crop
(Huertas-Garcia et al., 2023; Rybalka et al., 2024).
Spelt grain is used to produce flour, bran, cereal,
pasta, bread, cookies, waffles, coffee, beer, pure
alcohol, vodka. Another specificity of spelt is the
possiblity to use grain in different ripening phases.
“Green grain” — spelt grain, collected from the wax
phase and after collection, dried and threshed, is used
in soups, cutlets, sauces, puddings, yogurt additives,
etc. (Kraska et al., 2020).

Despite high potential possibilities, spelt has not
been widely adopted to industrial production yet. Its
widespread adoption is hindered by low yields and a
number of morphological characteristics that are dis-
advantageous for production, namely the difficulty of
threshing the grain due to its tight enclosure by strong
hull — the “filminess” and brittleness of the spike
axis (Morgun et al., 2016). Other drawbacks include
a relatively long growing season, poor drought tole-
rance, and susceptibility to powdery mildew, brown
rust, yellow rust, and smut (Shelepov et al., 2013).
Overall, in terms of yield and suitability for modern
cultivation and processing technologies, spelt cannot
currently compete with common and durum wheat
varieties. However, through genetic improvement,
enrichment of the gene pool, and increased efficiency
of its breeding, it is possible to eliminate the short-
comings of this crop while preserving its valuable
properties. Beneficial characteristics of this crop are
the object of diverse scientific studies (Alvarez, 2021;
Rybalka et al., 2024, Diordiieva et al., 2024; Wang et
al., 2024; Morgun et al., 2025). Therefore, the pur-
pose of this review was to present the current state of
research into the biological properties of spelt wheat,
as well as the prospects for its use in breeding.

Spelt origin. In terms of origin, spelt is divided
into two subtypes: European spelt and Asian spelt
(Alvarez, 2021). European spelt is subdivided into
two ecological and morphological groups: western
European (German) and Asturian (Spanish, Iberian).
Winter forms prevail in the composition of the first
group, and spring forms — in the second one (Alva-
rez, Guzman, 2013). These groups differ in specific
traits of the spike. Western European forms are mainly
presented by awnless spikes, while Asturian forms
always have awned spikes. Asian spelt is characte-
rized by the presence of both winter and spring forms
(Faris, 2014).

At present, the issue of spelt origin has not been
elucidated completely yet. Some authors adhere to the
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hypothesis of the Asian origin (Zohary, Hopf, 2000),
who distinguish Asian spelt as the foremother of com-
mon wheat. It is believed that Asian subtypes of this
species could have been obtained due to spontane-
ous hydridization of Triticum turgidum ssp. dicoccon
and Aegilops tauschii ssp. strangulata, which then
gave rise to hexaploid species of hull-less species,
including Triticum aestivum L. (Faris, 2014). The
advocates of the hypothesis about the European origin
of spelt believe that it was the product of hybridiza-
tion of tetraploid wheat 7. dicoccum (AABB) and
Ae. squarossa (DD) (Dvorak et al., 2006). Modern
molecular and genetic studies prove that the Euro-
pean T. spelta originated as a result of hybridization
of hull-less wheat and hulled emmer (Dvorak et al.,
2012; Sousa et al., 2021; Alvarez, 2021; Wang et al.,
2024). Considering significant differences in the com-
position between the European and Asian subtypes of
spelt, the absence of archaeological remains of spelt
on the way from Asia to Europe, the opinion about
independent origin of subtypes of this wheat is cur-
rently prevalent (Seabra et al., 2018; Pefia-Chocarro
et al., 2019; Lechterbeck, Kerig, 2024).

Blatter et al. (Blatter et al., 2004) analyzed the
genes of highly molecular subunits of glutenins G/u-
BI-1 and Glu-A1-2 in spelt subtypes and demonstrated
that in both genes, the group of alleles was clustered
in a separate, so called beta-subclade which confirms
the independent origin of European and Asian spelt.
It is assumed that European spelt obtained alleles of
highly molecular subunits of glutenins from the initial
tetraploid wheat. The research on the composition of
subunits of glutenins of European spelt and related
tetraploid and hexaploid species of Triticum genus
confirms the hypothesis about the secondary origin
of European spelt (Yan et al., 2003).

The use of artificial neural networks allowed con-
firming the division of European spelts into two
groups — Spanish and European proper which in-
cludes the samples from the countries of western,
central, and eastern Europe (Babenko et al., 2018). It
is believed that central European spelt originated due
to hybridization of free-threshing hexaploid wheat
and hulled tetraploid einkorn (Dvorak et al., 2012).
It explains why European spelt genetically differs
from Asian spelt — it is not the immediate ances-
tor of common wheat, on the contrary, it is its later
“relative”. In addition, a comprehensive molecular
and genetic analysis demonstrates two independent
pathways for the occurrence of central European and

Iberian spelt (Abrouk et al., 2021). High incidence of
allelic variant of vernalization gene Vrn-Dls, found
in the Spanish spelt collection, and the rarity of this
allele in other European samples confirm the hypo-
thesis that Iberian spelt is a separate geographical
group, which differs from the rest of European spelt
(Curzon et al., 2021; Alvarez, 2021).

At present, the most probable hypothesis is the
polyphyletic origin of spelt. It envisages that Asian
spelt first appeared on the Caspian coast of Iran and
became the ancestor for common wheat, and Euro-
pean spelt is the product of hybridization of hexaploid
and tetraploid wheat (Lechterbeck, Kerig, 2024).

Spelt distribution. The archeological data indicate
the existence of spelt in about 6000 BC in Iraq which
corresponds to the Neolithic Age (Kislev, 1984). Pure
spelt fields were found in Iran, some areas of Cent-
ral Asia and Transcaucasia (Azerbaijan, Armenia,
Tajikistan, Turkmenistan). As for European spelt,
the data indicate its occurrence in central Europe in
Early Bronze (Lechterbeck, Kerig, 2024). Its oldest
findings are dated 2000 BC and are found in the
territory of the Swiss and Italian Alps. Later, spelt
plants were found in Germany, Czech Republic, Slo-
vakia, and southern Italy. In Ukraine’s territory, spelt
cultivation is associated with the population of the
Bug-Dniester culture, dated about 5,000—6,000 BC
(Shelepov et al., 2013).

For many centuries, spelt was a dominating species
in Europe, grown in the regions with cold climate:
Scandinavia, Germany, Switzerland, Poland. The area
of its distribution is related to mountaineous districts,
where spelt was spread in the regions of the north-
western Alps. A special group of spelt remained in
Asturia (Spain) (Alvarez, 2021). Till 1960-s, spelt was
cultivated in the Ukrainian and Slovak Carpathians
(Shelepov et al., 2013). At the beginning of the last
century, spelt quickly transformed into the “island
crop”, cultivated in the limited territory of the areas
with traditional lifestyle. Spelt was ultimately pushed
aside by modern cultivars of common wheat due to
the fact that they had higher yields and allowed for
saving resources, used for grain threshing.

Considerable volumes of spelt cultivation were
resumed only at the end of the 20™ century. It is
related to the development of organic farming and
the need for high nutritional value of kernel, ensured
by this crop. At present, spelt is mostly cultivated
at organic farms of western Europe, first of all, in
German-speaking countries, and in Belgium, Italy,
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France, and since 1990-s — in Czech Republic, Po-
land, Hungary, and Slovakia. Now it is sown in moun-
taineous districts of Switzerland, Austria, Germany
(the Alps), Spain, northern Caucasus, India, Ethiopia,
and Morocco. It was transferred from the category of
just low-spread botanic species into the rank of niche
crops, and is ranked the third among wheats in terms
of sown areas (Babenko et al., 2018). It is grown in
Germany (100 thousand ha), Austria (13 thousand
ha), Switzerland (5.5 thousand ha) (Alvarez, 2021).
As of 2023, the Common Catalogue of Varieties of
Agricultural Plant Species of the European Union
was introduced 85 species of spelt wheat. However,
at present, a small number of species is cultivated
for production, and current genetic diversity of this
crop is limited by landraces (Diordiieva et al., 2024;
Wang et al., 2024).

In Ukraine’s territory, spelt fields have been en-
larged as well, and agricultural producers mainly
cultivate it for export purposes. At first, spelt was
brought to Ukraine from Switzerland over 25 years
ago by yound farmers, who sowed it in the Vinnytsia
and Ternopil regions. Now, this crop is also sown at
farms of the Zhytomyr, Chernihiv, Khmelnytskyi,
Kyiv, and Cherkasy regions, in the area of several
thousand hectares. There aren’t many major spelt
grain producers in Ukraine; this sector is represented
by Svarog Group based on Lotivka Organic LLC
(Khmelnytsk region) and Grain Alliance (Kyiv re-
gion), LNZ GROUP (Cherkasy region) and Zhyva
Nyva LLC (Zhytomyr region) have significant areas
under this crop. As of February 2026, the State Re-
gister of Plant Varieties Suitable for Distribution in
Ukraine lists seven spelt varieties: Zoria Ukrainy,
Evropa, Bilberi, Vyshyvanka Bilotserkivska, Evrika,
MYV Martongold, and Paracelsus. The State Statistics
Service does not collect data on spelt wheat cultiva-
tion, including it in the common wheat data instead.
Overall, the area under cultivation for this crop in
Ukraine can be estimated at a total of up to 10,000
hectares across all regions (Zaika, Karpuk, 2023).

Biological characteristics of spelt. Spelt is one of
the few cereals that can be grown on stony soil and
in harsh climatic conditions (Shelepov et al., 2013).
It grows well at an altitude of 1,500 m above sea
level, and the higher it is grown in the mountains, the
better it performs compared to common wheat. This
crop can be sown later than winter wheat, tolerate
partial waterlogging, has higher resistance to adverse
environmental factors than common wheat, and can

be grown without any pesticides (Frakolaki et al.,
2018). Moreover, spelt can grow in poorly drained
and low-fertility soils, making it a suitable crop for
organic farming.

However, modern spelt cultivars intended for low-
land cultivation have fairly high soil requirements,
similar to those of common wheat, but with a lower
nitrogen requirement. Therefore, spelt can be grown
in water protection zones without any problems. It
grows well on cultivated soils rich in humus and nut-
rients, as well as on soils with a pH close to neutral
(Shelepov et al., 2013). Due to its well-developed
root system, it can be used to combat soil erosion.
Its tillering coefficient is 2—3 times higher than that
of wheat. Spelt is a moisture- and light-loving crop,
so its resistance to atmospheric and soil drought is
low.

Spelt (120-180 c¢cm) grows taller than common
wheat and has long, narrow (15-20 cm) spikes. Spelt
spikes are characterized by 3—4 flowers, from which
two oblong kernels, tightly enclosed by hull, usu-
ally develop. Spelt genotypes have fewer kernels per
spikelet compared to common wheat. A characteristic
morphological feature of spelt is the separating layer,
which forms at the upper end of the axis segment
rather than the lower end, which is typically notable
for other species with a brittle spike, due to which
the segment fuses with the inner surface of the spike
along its entire length (Longin et al., 2016). In ad-
dition, a characteristic feature of the spikelet hull is
often a broad, rectangular upper end with a notch. In
wheat morphology, the term “spelt-like” or “speltoid”
hull form has even become established.

The hull content of spelt is both a disadvantage and
an advantage of the crop. On the one hand, during
sowing and germination, the hull protects the grain
and then the seedlings from the effects of adverse
environmental factors, which promotes the formation
of healthy and robust seedlings (Riesen et al., 2008).
Unthreshed kernel in hull is well-preserved due to
the loose arrangement of the spikelets, which reduces
grain overheating. The hull content also provides
additional protection against damage by birds and
insects (Tverdohlib et al., 2013). On the other hand,
it complicates the use of mechanization means during
cultivation and harvest processing. A negative trait of
the crop is the brittleness of the spikelet as it ripens,
which causes yield losses.

Asian and European spelt varieties differ in the
morphological structure of the spikelet, which is de-
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termined by the genes, controlling it. European spelt
varieties, genetically related to common wheat, have
a more brittle spike axis (Dvorak et al., 20006). It
was shown that in Iran, Tajikistan, Germany, Austria,
and Switzerland, red-grained winter spelt varieties
predominate, whereas white-grained varieties are
much less common in both Asian and European count-
ries. Awned spelt is not found in central European
countries, whereas in southern Europe, western, and
central Asia, awned spelt accounts for 100%.

It is known that spelt yields on low-nitrogen soils
or under stress conditions are higher than those of
common wheat, but are significantly lower under
intensive cultivation (Sugar et al., 2019). For ex-
ample, in Israel, the average spelt yield is 3.0-4.0 t/ha
(Curzon et al., 2021), in Germany — 3.0-5.0 t/ha
(Longin et al., 2023), whereas the average yield of
common wheat in these countries reaches 7.0-8.0 t/ha.
Spelt yields in Ukraine typically amount to 4-6 t/ha,
which is approximately 70-80% of the yield of com-
mon wheat (Zaika, Karpuk, 2023). According to Wang
et al. (2024), the differences in grain yield among
spelt varieties in different environments may result
from the activation of different sets of genes in each
environment or from different responses of the same
genes to changes in environmental conditions.

Genetic specifiticies of spelt. The genetics of
spelt has been studied since the second half of the
19th century, as this crop serves as a source of ge-
netic variation for a number of economically valu-
able traits in cereal breeding (Curzon et al., 2021;
Huertas-Garcia et al., 2023). It has been established
that several important genetic factors responsible
for the differentiation and adaptation of spelt may
have been inherited directly from tetraploid ances-
tors through hybridization, for example, the genes
TaQ-54, TaCOP1-6A4, TaHYS5-like, TaPHYA-4B, and
54-CentAHG-H2 (Wang et al., 2024). These genes
or genomic blocks underlie some key morphological
and taxonomic differences between spelt and common
wheat, including clingy hulls, grain threshing, and
later flowering. They also provide specific resistance
to stress factors and diseases, enabling spelt to adapt
to harsh climatic conditions.

It was shown that the morphological traits of spelt
plants, like those of common wheat, are determined
by a small number of genes, and their inheritance is
controlled by genes classified as “major morphologi-
cal” genes, as they exert a significant influence on the
plant phenotype. Key morphological characteristics of

spelt, such as spike shape, filminess of the grain, and
spike rachis brittleness, are controlled by a recessive
allele of the Q gene with a pleiotropic effect, which
belongs to the APETALA2 (AP2)-like transcription
factors, and is located on the long arm of chromosome
5A (Greenwood et al., 2017; Curzon et al., 2021).
Two key single-nucleotide substitutions distinguish
the domesticated Q allele from the wild-type ¢ allele:
(1) a non-synonymous substitution of G for A in exon
8 near the AP2 domain region, resulting in an amino-
acid change from valine to isoleucine (Simons et al.,
2006) and (2) a neutral substitution of C for T at the
miRNA172 binding site in exon 10 (Debernardi et
al., 2017). The ¢ allele confers on spelt a noticeably
late heading and narrow, pyramidal spikelets with
strong hull, which led to the formation of a taxo-
nomically recognized subspecies (Wang et al., 2024).
The manifestation of spelt traits depends largely on
the interaction of ¢ with genes controlling spikelet
hull strength and rachis brittleness on other chro-
mosomes. The non-brittle rachis (Btrl, Btr2) genes,
located on the short arm of chromosome 3 in each
wheat subgenome, determine the brittleness of the
spike at maturity (Zhao et al., 2019). The recessive
state of the C (Compactum) gene in spelt promotes
spike elongation, in contrast to the dominant allele
in dwarf wheat varieties,which shortens and com-
pacts the spike (Johnson et al., 2008). In addition, the
threshing characteristics of the grain are influenced by
the type of kernel glumes, which in spelt is controlled
by the dominant allele of the Tg (tenacious glumes)
gene in a homozygous state, located on the short arm
of chromosome 2 of each wheat subgenome (Alvarez,
2021). It is this gene, in combination with the g allele,
that makes spelt “difficult to thresh.” The first gene
studied was Tg-D1, identified in populations derived
from crosses between durum wheat and Ae. tauschii,
and the non-threshing trait was attributed to the pre-
sence of the dominant 7g-D/ allele (Simonetti et al.,
1999). Later, orthologous genes were identified on
chromosome 2BS (7g-B1) and on chromosome 2AS
(Tg-AI) (Dvorak et al., 2012). These data indicate
that mutations in the Tg-41, Tg-BlI, and O genes
in common wheat determine the free-threshing trait
(Faris, 2014). The presence of gg7gTg alleles in any
modern breeding material is sufficient to classify it as
spelt. This has led to the emergence of two distinct
types of spelt: traditional/pure and modern/synthetic
(Alvarez, 2021). The latter, derived from crossing
common wheat with traditional spelt, has spikelets
with a speltoid morphology. Unlike synthetic spelt,
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traditional spelt is obtained through breeding among
its old varieties.

Allelic variations and prevalence of vernaliza-
tion and photoperiod genes. The VRN gene system
controls the response of plants to low temperatures,
exposure to which is necessary for the induction of
flowering (Hyles et al., 2020). The key gene deter-
mining the vernalization response in wheat is the
MADS box transcription factor VERNALISATION1
(VRN1), which promotes the transition from vegeta-
tive to reproductive development (Yan et al., 2003).
The presence of one or more dominant alleles of the
VRN genes leads to the spring type of development,
whereas the winter type is determined by their reces-
sive alleles. The main gene controlling wheat sensitiv-
ity to day length is PHOTOPERIOD 1 (PPD1), whose
loci are located on the short arms of chromosomes
2A, 2B, and 2D (Bentley et al., 2013). It has recently
been established that the 7aCRY1a-2A4 cryptochrome
family gene plays a decisive role in controlling flo-
wering time through photoperiodic regulation of the
onset of flowering (Zhao et al., 2022). Most spelt
samples also carry a late-flowering allele in the Vinl,
Vrn2, and Ppdl genes (Yan et al., 2003).

Muterko et al. (Muterko et al., 2015) identified
a new spelt allele, Vrn-D1s, whose emergence is due
to the insertion of a DNA transposon into the first
intron. These authors found that the Vrn-Dls allele
was present in three spelt samples from Spain and the
United Kingdom. Further studies (Palomino, Cabrera,
2023) showed that the Vrn-D1s allele was dominant in
the Spanish spelt collection. On the other hand, only
one sample carrying this allele was identified in an
assessment of a large collection of central European
spelt, with the recessive allele vrn-D1s being the most
frequently detected in the VRN-D1 locus (Curzon et
al., 2021). Spelt samples carrying the Vrn-D1s allele
were classified as spring types (Muterko et al., 2015).
This was indicated by the fact that all samples with
this allele headed under long-day conditions without
vernalization in both greenhouse and field experi-
ments. Later, other allelic variants were identified
in the VRNI genes, including a duplication of the
VRN-BI locus, recently detected in some 7. spelta
samples (Muterko, Salina, 2019).

Palomino and Cabrera (Palomino, Cabrera, 2023)
studied a collection of Spanish spelt samples (60
genotypes) using specific DNA markers to assess
allelic variation in the VRN-AI, VRN-BI1, VRN-DI,
and PPD-D1, and the effect of their allelic combina-

tions on heading dates. The highest frequency was
recorded for the dominant allele Vrn-D1s, which was
detected in 53 samples (88.3%). The second most
common was the dominant allele Vin-41b, detected
in 51 samples (85.0%), followed by the recessive al-
lele vrn-B1, identified in 48 samples (80.0%). In the
present study, the dominant allele Vin-41a was not
detected in any of the samples examined, although it
had previously been identified in spelt genotypes of
various origin (Curzon et al., 2021). Only 9 (15.0%)
samples carried the recessive allele vrn-41. Regarding
the VRN-BI gene, the results showed that the reces-
sive allele vrn-B1 was the most common, present in
80% of the samples studied, followed by the dominant
allele Vrn-Bla (in 20% of the samples). However, the
study did not identify genotypes carrying the Vin-B1b
and Vrn-Blc alleles.

Based on the maturity date of the samples, most
spelt genotypes (91.7%) had a spring development
pattern, and only five (8.3%) exhibited a winter de-
velopment pattern (Palomino, Cabrera, 2023). PCR
using specific markers detected the presence of at
least one dominant allele of the VRNI gene in all
spring genotypes, whereas samples carrying a triple
recessive allele combination failed to produce spikes
under both greenhouse and field conditions. Spelt
samples carrying at least one dominant VRNI allele
(Vrn-A1b) headed significantly later than those car-
rying two (Vrn-Alb, Vin-Dls, or Vrn-Bla) or three
(Vrn-A1b, Vin-Bla, Vin-Dl1s) dominant alleles in
both greenhouse and field experiments. The spelt
collection samples showed later heading compared
to the local spring wheat variety Setenil, which had
two dominant alleles, Vrn-Bla and Vrn-Dl1a, and the
photoperiod-insensitive allele Ppd-D1a, whereas all
spelt samples carried the photoperiod-sensitive Ppd-
D1b allele. Screening of PPDI gene alleles in spelt
germplasm, conducted by other authors (Curzon et al.,
2021), also revealed a predominance of the Ppd-D1b
allele in late-heading spelt genotypes. It has recently
been established that the 7aCOPI-64 gene may be
responsible for the late heading date of spelt (Wang
et al., 2024).

Polymorphism of storage proteins in Triticum
spelta L. samples. Polymorphism of storage pro-
teins (gliadins and glutenins) in spelt is a key tool
for variety identification, study of genetic diversity,
and breeding for grain quality. Among the alleles of
gliadins and high-molecular weight glutenin subunits
in spelt, both alleles identical to those in common
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wheat and specific alleles identified only in spelt have
been detected (Blahodarova et al., 2023; Spetsov,
Daskalova, 2024).

Caballero et al. (Caballero et al., 2004) identified
variants of specific regions of the electrophoretic
spectrum that may contain gliadins encoded by dif-
ferent loci in 403 Spanish spelt samples. The authors
identified 61 spectrum types for w-gliadins, 44 for
v-gliadins, 19 for B-gliadins, and 15 for a-gliadins.
A total of 72 different bands were identified. These
bands were grouped into spectral types within each
of the four gel zones (®-, y-, B-, and a). For example,
in the o-gliadin zone, twenty-two bands were identi-
fied, forming 61 spectral types.

Ninieva et al. (Ninieva et al., 2013) analyzed 16
samples of spring and winter spelt of various origins
based on grain quality indicators and electrophoretic
spectra of storage proteins. Among the samples stu-
died, 6 alleles were identified by the G/i-B1I locus,
5 alleles by the Gli-A1 locus, 4 alleles by the Gli-43
locus, and 2 each by the G/i-DI and GIi-B5 loci. It
was shown that three alleles predominate at the Gli-A1
locus with approximately equal frequencies: x, f, and
the provisionally designated allele i+w3, which has
not been described in 7. aestivum. By the Gli-B1
locus, the 4 allele was predominant. By the Gli-D1
locus, the fallele was present in almost all samples
(93.8%); the other allele, g, was detected only in a
sample from Tajikistan. Four alleles were detected
by the minor G/i-43 locus, among which two alleles
(designated as 1 and 2) predominated. It was shown
that the presence of combinations of individual
electrophoretic components of storage proteins is
accompanied by the manifestation of grain quality
traits: Gli-Alx, Gli-B1h, Gli-B5b, Gli-Blp type, and
Gli-B5a — high protein and gluten content; Gli-B1h,
Gli-B5b, and Gli-A3-1 — large kernel size; Glu-Ala,
Glu-Bld, and Glu-DIla — stable expression of the
third group of gluten in terms of quality.

Blahodarova et al. (Blahodarova et al., 2023) con-
ducted a study on eight 7. spelta samples using the
methods of storage protein electrophoresis in acidic
PAGE and PCR with allele-specific primers. Accord-
ing to the PCR results, the G/i-B1.1 allele, with an
amplification fragment length of 369 bp, was de-
tected in T. spelta var. album, T. spelta var. arduini
and 7. spelta var. vulpinum. Five other varieties of
spelt were found to have the G/i-B1.2 allele with four
different polymorphic fragments of amplification of
397-400 bp.

Six different allelic variants of gliadins were identi-
fied using the electrophoresis results. The varieties of
T. spelta var. album, T. spelta var. arduini were found
to have the Gli-B1b allele, T. spelta var. vulpinum —
Gli-BiIn. T. spelta var. neglectum had Gli-Blf, T. spelta
var. alefeldii — Gli-Blh, T. spelta sbsp. kuckucki-
anum and Tr. spelta var. duhamelianum were found
to have alleles, not present in the catalogue, which
were designated 1 and 2 respectively.

Kozub et al. (Kozub et al., 2014) analyzed a collec-
tion of 7. spelta samples from the National Center for
Plant Genetic Resources of Ukraine, most of which
are European spelt varieties, using 8 storage protein
loci. Seven alleles were identified in the G/i-B1 locus,
five — in Gli-A1, three — in Gli-A3, and two each —
in the G/i-D1 and G/i-B5 loci. Only two alleles were
found that had not previously been identified in com-
mon wheat: Gli-Blhs*, Gli-Bilps*. The hs* allele is
frequently present in spelt samples alongside the G/i-
B5b allele, which encodes two remarkable w-gliadins.
The presence of the G/i-B5b allele is associated with
the dark color of the spike hull, which is determined
by the Rg/ gene closely linked to it (with an average
recombination rate of 0.6%).

In terms of the loci of high-molecular weight glu-
tenin subunits in spelt, alleles that are also common
in common wheat, predominate: Glu-Ala, Glu-Bld,
Glu-D1a (Spetsov, Daskalova, 2024). The high-mo-
lecular weight and low-molecular weight subunits of
glutenins in 270 European spelt, 15 Iranian, and 25
common wheat varieties were studied by An et al. (An
et al., 2005). Twenty-two allelic variants were identi-
fied in European spelt samples in the Glu-41, Glu-B1,
and Glu-D1 loci, including eight new ones (w, be, bf,
bg, bh, bi, bj, bp). In the Glu-A1 locus, four alleles
of high-molecular weight glutenins were identified,
with alleles a and ¢ present at frequencies of 84.48%
and 12.59%, respectively. Five samples carried allele
b at a frequency of 0.84%. Eleven alleles were identi-
fied in the Glu-B1 locus, 6 of which were new. Two
alleles, Glu-BIf (13+16) and Glu-Blbe (6.1+22.1),
were detected at frequencies of 41.48% and 33.7%,
respectively. The Glu-B1f allele has a positive effect
on baking quality and has the same rating as alleles
17+18 and 7+8 in the Glu-BI locus. The Glu-BIf
allele is common in Spanish spelt samples, while
the Glu-Blbe allele, specific to the European spelt
group, occurs with high frequency (Kozub et al.,
2014). Seven alleles were identified in the Glu-D1
locus, including the new Glu-DI1bp (2.1+12). The
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Glu-Dla allele (2+12), characterized by a low contri-
bution to gluten quality, was the most common (90%)
among the analyzed samples, while the G/u-D1d al-
lele, which has the best effect on baking quality, was
present in only seven samples (4.07%). The alleles
Glu-D1b, Glu-DIc, and Glu-Dl1e were detected at
low frequencies.

Subsequently, new alleles were identified in each
of the three loci (Table 1), and these alleles are be-
ing intensively studied for their contribution to spelt
grain quality. For example, Cao et al. (Cao et al.,

2022) identified two new subunits of high-molecular
weight glutenins: 1Ax2.1* in Glu-4A1 and 1By19* in
the Glu-B1 locus in samples of European spelt.

Their structural similarities to high-quality x-type
subunits have been identified, specifically the ones
between 1Ax2.1* and 1Ax1 and 1Ax2%*, as well as
1By19* and By16, By9, By8, and By18. The identi-
fied specific alleles of storage protein loci of spelt can
be used to enrich the common wheat gene pool.

Currently, storage protein genes are used as markers
for certain spelt traits. Gliadins, being the most im-

Table 1. The allelic composition of high-molecular weight glutenin loci in spelt samples

Locus Allele Subunit Reference
a 1 An et al., 2005
b 2% An et al., 2005
c null An et al., 2005
Glu-Al y 2.1% Cao et al., 2022
7 2.1 An et al., 2005
y 2 Rodriguez-Quijano et al., 2019
a 7 An et al., 2005
b 7+8 An et al., 2005
c 7+9 An et al., 2005
d 6+38 An et al., 2005
e 20; 20x + 20y Spetsov, Daskalova, 2024
f 13+16 An et al., 2005
w 6* + 8% Rodriguez-Quijano et al., 2019
ba 13* + 16 Mclntosh et al., 2013
Glu-B1 bb 6+ 18 Mclntosh et al., 2013
be 6.1 +22.1 An et al., 2005
bf 6.1 + null An et al., 2005
bg 13% + 19%* An et al., 2005
bh 13 +22% An et al., 2005
bi 13 +22.1 An et al., 2005
bj 14* + 15* An et al., 2005
hs* hs* Kozub et al, 2014
1By19* Cao et al., 2022
a 2+12 An et al., 2005
b 3+12 An et al., 2005
c 4+12 An et al., 2005
d 5+10 An et al., 2005
e 2+10 An et al., 2005
J 2+ 12% Dai et al., 2020
Glu-DI / null + 12 Jang et al., 2020
bp 2.1+ 12 An et al., 2005
r 23+ 12 Mclntosh et al., 2013
am 2+ 12°(12%) Caballero et al., 2010
ao 2.4+ 12 Mclntosh et al., 2013
ap 25+12 Alvarez, 2021
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portant gluten proteins, directly influence such an
agronomic trait as the quality indicators of grain
processing products. It has been shown that certain
types of y- and ®-1,2-gliadins,, which are present
in common wheat, are absent in spelt, which allows
using these proteins as markers for detecting com-
mon wheat admixtures in spelt products (Koenig et
al., 2015). Furthermore, these genes may not directly
influence the expression of genes for agronomic traits
but may mark them due to linked inheritance. Kozub
et al. (Kozub et al., 2016) studied the genetic control
of dark spikelet hull color in 7 spelta using gliadins
as genetic markers. They demonstrated that the G/i-
Alj* allele is linked to the dark-colored glume allele
of the Rg-A1 locus (Rg-A1c or Rg-A1d) and may serve
as a marker for this trait.

Variability of waxy genes. The enzyme GBSS
(Granule-Bound Starch Synthase) is a key enzyme
in amylose biosynthesis, and its presence or absence,
along with its functionality, determines the final com-
position and properties of starch (Guzman, Alvarez,
2016). Reducing or blocking amylose synthesis de-
creases the share of this polysaccharide in starch
granules. Consequently, their type, microstructure,
size, thermal properties, and other characteristics
change, as does their impact on the baking quality of
flour. In the spelt genome, three homologous genes
encode enzyme isoforms: Wx-41, Wx-Bl1, and Wx-D1,
located on the arms of chromosomes 7AS, 4AL, and
7DS, respectively. Mutations in these genes and the
emergence of their null alleles lead to the appearance
of a wax-like endosperm trait, known as waxy or
partially waxy (Guzman et al., 2022).

A study of spelt waxi genes conducted by Rodri-
guez-Quijano et al. (Rodriguez-Quijano et al., 1998)
using 144 samples from Spain revealed variations in
two of the three genes: two variants for Wx-4/ and
three for Wx-BI. A spelt collection of 420 samples
was later studied, revealing variations in the three Wx
genes (Guzman et al., 2010). Three different alleles
were identified in the Wx-B1 locus: Wx-Bla, the null
allele Wx-B1b, and Wx-Blic'. The latter two were less
common (11.67% and 12.86%, respectively) than
Wx-Bla. The samples studied showed homogeneity
for the Wx-D1 locus, where 99.52% contained the
Wx-Dla allele. Two other alleles were also detected in
this locus: the null allele Wx-D1b, which was present
in only one sample, and the previously undescribed
Wx-D1g. Subsequently, two alleles were detected in
the Wx-A1 locus: Wx-Ala and a new functional allele,

Wx-Alg (Guzman et al., 2012). The Wx-Alg allele, in
combination with the null alleles of the Wx-B1 and
Wx-D1 loci, makes it possible to obtain spelt varieties
with an amylose content of more than 1% but less
than 20% (Guzman et al., 2012). The use of PCR
analysis has increased the number of alleles identi-
fied in these loci (Guzman, Alvarez, 2016). Currently,
spelt samples can be divided into two types: type I
and type II (Alvarez, 2021). Type I can be classified
as the wild type, it covers numerous variants similar
to those found in soft wheat (Wx-Ala, Wx-Bla, and
Wx-D1a). In contrast, type Il has some distinct dif-
ferences from fype I, with 14 amino acid changes,
nine of which are located within the mature protein
(Guzman et al., 2012).

The quality of spelt grain. Determining the com-
position, functional characteristics, and mechanisms
underlying the formation of spelt grain quality is a
critical task in the development of new cultivars of
this crop, requiring a deeper understanding of all the
components that determine this trait (Goriewa-Duba
et al., 2018; Zaika, Karpuk, 2023). This is particularly
relevant today due to the growing interest in plant-
based proteins for human consumption. The grain
quality of this crop is determined by a number of
characteristics that can generally be classified into
technological and physicochemical indicators. These
indicators depend on two groups of factors: environ-
mental and genetic (To6th et al., 2022; Igbal et al.,
2026). Environmental factors include climatic condi-
tions, soil characteristics, tillage methods, fertilizer
application, and irrigation. Genetic factors are cur-
rently less studied; however, research into the genetic
control and polymorphism of various enzymes and
non-enzymatic proteins opens up new opportuni-
ties for breeding cultivars with optimal nutritional
profiles.

Physical properties of spelt grain. A high 1,000-
grain weight, density, and uniformity are characte-
ristics of the grain, desirable for high-quality milling
(Belcar et al., 2020). Grain size is an important pa-
rameter because it determines the distribution of nut-
rients across different parts of the grain. It is geneti-
cally determined, although it can vary significantly
depending on climatic conditions, soil composition,
and cultivation methods (Toth et al., 2022; Igbal et
al., 2026). The average width of spelt grains (2.9 mm)
is smaller, and the length is greater, than that of wheat
varieties (Takac et al., 2021). Flour made from small-
er grains may have a higher content of soluble fiber,
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minerals, and other components concentrated in the
bran (Geisslitz et al., 2019). The primary determinant
of yield and an indirect indicator of milling quality is
the 1,000-grain weight, since a higher value is associ-
ated with greater flour extraction efficiency (Igbal et
al., 2026). Spelt is characterized by high variability
in the 1000-grain weight, ranging from 27.7 to 59.4 g
(Takac et al., 2021; Igbal et al., 2026); however, the
average values of this indicator for spelt (40.7 g) and
wheat (40.2 g) do not differ significantly (Kandi¢ et
al., 2023). In addition, it has been shown that spelt
genotypes have fewer grains per spike compared to
wheat, which may provide more space for endosperm
cells during the grain differentiation phase and lead
to the formation of larger grains, as evidenced by
the negative correlation between the total number of
grains and the number of grains per spike, spikelets
per spike, and fertile spikelets per spike (Takac et
al., 2021).

Chemical composition of spelt grain. Compared
to modern wheat varieties, spelt grain contains high-
er levels of both total and soluble protein, valuable
lipids (especially A7-avenasterol), and minerals, as
well as soluble dietary fiber; it also has a higher se-
lenium content in the grain (Rybalka et al., 2024).
The composition of spelt grain depends heavily on
the genotype of the sample, its origin, and cultiva-
tion conditions (Kulathunga et al., 2021). The main
components of spelt grain are carbohydrates, proteins,
fats, and dietary fiber (Table 2).

Similar to other Triticum species, carbohydrates
are the most abundant components of spelt grain. The
primary carbohydrate, as in other related species, is
starch. Its content ranges from 61% to 68% of dry
matter and is found predominantly in the endosperm
(Kandi¢ et al., 2023). The increase in starch con-
tent is largely responsible for the enlarged grain size
(Shewry et al., 2013). Although the amount of this

Table 2. Chemical composition of spelt kernel

carbohydrate in spelt is similar to that in common
wheat, it differs somewhat in quality. This is due
to a higher proportion of type A starch compared to
common wheat, which is less nutritious (Escarnot et
al., 2012). Furthermore, the distribution of the side
chains of spelt starch amylopectin indicates that it
contains twice as many of the shortest type A chains
as the amylopectin of common wheat. Another study
(Lafiandra et al., 2014) found that spelt starch has
a higher amylose content and a greater number of
C-type starch granules compared to common wheat.
In addition to starch, short-chain carbohydrates ac-
count for 2-3%, while other carbohydrate components
(fiber) account for about 10%.

Protein content. The protein content in spelt grain
is typically higher than in common wheat, but it va-
ries significantly depending on such factors as geno-
type, cultivation location, cultivation methods, and
climatic conditions (Porto et al., 2025). Its content
can range from 11% to 25% (Rybalka et al., 2024).
A study (Mikos, Podolska, 2012) found that this in-
dicator is 30-47% higher in winter and spring spelt
varieties compared to common wheat. The higher
protein content in spelt is associated with an increased
content of gliadins, which contribute to greater dough
extensibility, one of the characteristic features of
spelt (Takac et al., 2021). The composition of spelt
protein and the relative proportions of each of its frac-
tions show significant similarity to that of common
wheat. The similarity between them lies in the fact
that a-gliadins are dominant, followed by y-gliadins,
the amount of w-gliadins is low, while the presence
of high-molecular weight glutenin subunits in spelt
is lower than in common wheat. The amount of al-
bumins and globulins in whole-grain 7. spelta flour
is lower compared to wheat and ranges from 1.5 to
2.3 g/100 g (Podolska et al., 2020). It was shown
(Geisslitz et al., 2019; Call et al., 2020) that the con-

Components | % | Reference
Carbohydrates 60.9-67.6 | Escarnot et al., 2012
Dietary fiber 7.7-18.5 Escarnot et al., 2012; Kulathunga et al., 2021

. Escarnot et al., 2012; Wiwart et al., 2017; Podolska et al., 2020; Biel et al., 2021;
Protein 11.1-25.2 ,
Toéth et al., 2022; Rybalka et al., 2024; Morgun et al., 2025

Lipids 1.7-4.4 Escarnot et al., 2012; Wiwart et al., 2017; Kulathunga et al. 2021
Ash 1.4-2.2 Wiwart et al., 2017; Kulathunga et al., 2021

AGRICULTURAL SCIENCE AND PRACTICE Vol. 13 No. 1

2026 75



RADCHENKO et al.

tent of gliadins in different genotypes ranged from
4.5t0 9.3 g/100 g, and that of glutenins — from 1.0
to 10.1 g/100 g. The smallest subfraction of gliadins
was o-gliadins, whose content ranged from 2.5% of
total protein in spelt to 3.0% in wheat. The largest
subfraction was o/B-gliadins, whose content ranged
from 20.0% in spelt to 22.1% in common wheat (Pod-
olska et al., 2020).

The gliadin-to-glutenin ratio (G/i/Glu) in spelt
ranges from 2.8 to 4.0, whereas in wheat this value
ranges from 1.5 to 3.1, which explains the higher
extensibility of the dough and the lower volume of
spelt bread (Geisslitz et al., 2019). These authors
demonstrated that the mentioned ratios are influenced
by the cultivation location, environmental conditions
(temperature), and the amount and timing of fertil-
izer application. This also indicates that the protein
composition of spelt and wheat overlaps significantly
and depends on the measurement methods and the
samples studied. It was shown that the variability in
protein content and composition among spelt variet-
ies is greater than that among harvest years (Call et
al., 2020).

In addition, the protein fraction can be influenced
by high temperatures, drought, and excess or deficien-
cy of nutrients. Studies show that agronomic factors,
such as nitrogen fertilizers and crop rotation, have a
significant impact on the content of high- and low-
molecular weight glutenins (Stepien, Wojtkowiak,
2013). Toéth et al. (Toth et al., 2022) found that low
nitrogen and phosphorus levels led to an increase
in the gliadin fraction and a decrease in glutenins.
Konopka et al. (Konopka et al., 2007) found that the
concentration of y-gliadins and glutenins decreased
under water deficit conditions. Longin et al. (Longin
et al., 2016) showed that spelt had a higher protein
content than common wheat, although it received 35%
less nitrogen fertilizers compared to common wheat,
indicating that, despite limited nitrogen supply, spelt
is capable of producing a high protein content.

There is no consensus regarding the aminoacid
content of spelt grain protein. Studies demonstrated
that spelt grain contains amounts of essential and
non-essential aminoacids similar to those of common
wheat (Zuk-Gotaszewska et al., 2022). Others claim
that spelt has a higher content of essential aminoacids,
particularly significantly higher levels of lysine and
threonine (Drovacek et al., 2002). Studies (Waga et
al., 2002) have shown that spelt grain contains higher
levels of all aminoacids (except arginine) compared
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to common wheat, ranging from 20% to 60%. It was
established that spelt wheat grain protein contains the
highest levels of glutamic acid, proline, and leucine
(Hospodarenko et al., 2016). Spelt proteins, like wheat
proteins, are lysine- and threonine-limited (Table 3).
However, the aminoacid composition of these proteins
is superior: lysine accounts for 58% and threonine
for 86%, whereas in wheat, these figures are 52% and
70%, respectively (Drobot et al., 2014).

Table 3. The aminoacid composition of wheat and spelt
proteins (Drobot et al., 2014)

Whole-grain flour, content,
Aminoacid mg/100 g

Wheat Spelt
Threonine 372 588
Valine 621 1012
Methionine 216 266
Cysteine 261 389
Leucine 961 1212
Isoleucine 699 813
Tyrosine 361 496
Phenylalanine 652 771
Lysine 376 542
Aspartic acid 779 1026
Serine 588 844
Glutamic acid 3060 3545
Proline 1777 2348
Glycine 634 700
Alanine 464 614
Arginine 709 987
Histidine 378 537

Dietary fiber. Dietary fiber consists of cell wall
polysaccharides found in the grain pericarp. There is
a significant overlap in dietary fiber content between
spelt and common wheat; however, the total fiber
content in spelt is slightly lower than in common
wheat, ranging from 7.7% to 14.9% (Escarnot et al.,
2012), although studies (Kulathunga et al., 2021)
have found that this amount can reach 18.5%. The
dietary fiber in spelt consists mainly of arabinoxylan,
B-glucan, fructan, arabinogalactan, cellulose, lignin,
and resistant starch. Soluble dietary fiber fractions
predominate in the grain (Escarnot et al., 2012).
Escarnot et al. (Escarnot et al., 2015) attempted to
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evaluate the dietary fiber components of spelt com-
pared to common wheat. Higher values of total ara-
binoxylan content were found in wheat (6.1%-7.9%),
whereas in spelt, the range was 4.7%—6.8%. Despite
this quantitative difference, the ratio of arabinose to
xylose (total arabinoxylan) was found to be nearly
identical for both varieties.

Lipid content. Comparative studies demonstrated
that the total lipid content in spelt is low but slightly
higher than in common wheat, ranging from 1.7% to
4.4% (Wiwart et al., 2017; Kulathunga et al., 2021).
In hulled wheat varieties, including spelt, the content
of saturated fatty acids (e.g., palmitic acid) and poly-
unsaturated fatty acids (e.g., linoleic and linolenic
acids) is typically lower compared to common wheat,
but there is a higher content of monounsaturated fat-
ty acids (e.g., oleic acid) (Kulathunga et al., 2021).
A study of the fatty acid composition of wheat and
spelt oils revealed that spelt lipids are represented by
a greater variety of fatty acids (Table 4).

Table 4. The fatty acid composition of spelt and common
wheat flour (Drobot et al., 2014)

Mass fraction of fatty acids
Fatty acids in oils, %

Wheat Spelt
Saturated 27.819 13.951
C10:0 (capric) — 0.045
C12:0 (lauric) — 0.317
C14:0 (myristic) 0.011 0.09
C16:0 (palmitic) 16.612 8.733
C18:0 (stearic) 9.852 3.978
C19:0 (nanodecanoic) — 0.645
C20:0 (arachic) 0.381 —
C22:0 (behenic) — 0.143
C24:0 (lignoceric) 0.963 —
Monounsaturates 18.416 29.494
C16:1 (palmitoleic) 0.545 0.067
C18:1 (oleic) 15.122 29.395
C20:1 (gadoleic) 2.01 0.032
C22:1 (erucic) 0.739 —
Polyunsaturates 66.4 62.5
C18:2 (linoleic) 62.4 59.5
C18:3 (linolenic) 3.8 2.9
C20:2 (eicosadienoic) 0.2 0.1

Of particular importance is the content of unsatu-
rated fatty acids, which is significantly higher in spelt
grain than in common wheat. The application of nit-
rogen at a rate of 50 kg/ha increased the fat content
in spelt grain (Andruszczak, 2018).

The mineral and vitamin composition of spelt
grain is similar to that of common wheat, but there
are significant differences in some elements. A study
(Suchowilska et al., 2012) found that spelt has sig-
nificantly higher levels of phosphorus, iron, man-
ganese, cobalt, copper, potassium, and zinc than
common wheat. It contains significant amounts of
silicon, which the plant obtains from minerals. It was
established that the ash, macro-, and micronutrient
content was higher in spelt samples, both in fine and
coarse-ground bran (Rybalka et al., 2024). Although
the phosphorus content in spelt was higher than in
wheat, the phytic acid content showed the opposite
trend and was 40% lower compared to wheat, which
may indicate that it has higher endogenous phytase
activity (Longin et al., 2023; Rybalka et al., 2024).
Gomez-Becerra et al. (Gomez-Becerra et al., 2010)
demonstrated that the Ca/Fe ratio, in combination
with the oleate/palmitate ratio, serves as a tool to
distinguish spelt from wheat and address the growing
problem of spelt flour falsification.

Experimental studies indicate higher levels of vi-
tamins A, E, and D in spelt grain (Biel et al., 2021).
Compared to wheat, whole-grain spelt flour contains
slightly less vitamin B1 (0.39 mg/100 g and 0.43 mg/
100 g, respectively) and vitamin B2 (0.13 mg/100 g
and 0.16 mg/100 g, respectively), but significantly
more vitamin PP (6.5 mg/100 g and 4.9 mg/100 g,
respectively); B5 (0.96 mg/100 g and 0.49 mg/100 g,
respectively); Bc (42 ug/100 g and 39 pg/100 g, re-
spectively); vitamin E (2.86 mg/100 g and 2.71 mg/
100 g, respectively); vitamin K (3.71 pg/100 g and
1.92 pg/100 g, respectively) (Drobot et al., 2014).
The richer vitamin and mineral composition of spelt
can be explained by its specific ability — to absorb
nutrients from the soil better than common wheat
(Kohajdova Z, Karovic¢ova, 2008).

Technological quality of spelt grain. Grain qua-
lity indicators, such as moisture content, appearance,
grain weight and hardness, are particularly important
for the food industry, as they determine storage po-
tential, yield, shelf life, and bread crumb structure.
These traits are genetically regulated and inherited
and are the focus of breeding programs aimed at their
improvement (Safdar et al., 2023). The technological
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quality indicators of spelt grain are characterized by
moisture content, typically up to 14.5%; high protein
content (11-25%); and high crude gluten content
(up to 60%), although it is often “weak” in terms
of physical properties, requiring special dough mix-
ing techniques. Due to its glume, the specific weight
(grain volume weight) of unhulled spelt is quite low,
but after hull removal, it approaches that of high-
quality wheat and ranges from 704-770 g/I. Spelt
typically has a high vitreous index (70-90%), indi-
cating a high protein content and a dense grain struc-
ture. Three main components of spelt grain have been
identified that are associated with its technological
quality: starch, gluten, and purindolines (Alvarez,
2021).

Starch is the main component of the grain, con-
sisting of two primary D-glucose homopolymers:
amylose — a linear polysaccharide that forms a col-
loidal dispersion in hot water, and amylopectin — a
branched polysaccharide that is completely insoluble.
The proportions of amylose and amylopectin in starch
have a significant impact on flour processing quality,
and starches with a high amylose content are better
suited for developing healthy products because they
are digested more slowly in the human gastrointesti-
nal tract (Rybalka et al., 2024). The typical amylose/
amylopectin ratio for spelt starch is approximately 1:3
(Lafiandra et al., 2014). The interaction between the
two polymers can influence the physical and chemical
properties of starch (gelatinization, binding, and gel
formation), and consequently, the quality of the final
products (Guzman et al., 2022). Starch is associated
not only with food quality but also with shelf life and
nutritional value of food products: a higher amylose
content conditions a higher content of resistant starch
(Guzman et al., 2022). Spelt starch can contain 2%
to 21% more amylose than winter wheat (Wilson et
al., 2008). In addition, it is a key factor determining
the dynamic properties of dough, especially during
heating (Zamaratskaia et al., 2021).

Gluten is a continuous viscoelastic protein network
that forms when flour is mechanically mixed with wa-
ter. It is calculated as wet or dry and is an important
parameter determining the quality of baked goods,
as it affects water absorption capacity, cohesiveness,
viscosity, and elasticity of dough. Spelt varieties have
been found to have a higher gluten content compared
to wheat, but its quality is lower, which is associated
with a higher content of gliadins (Takac et al., 2021).
It has been shown that gliadins predominate in spelt

gluten, whereas glutenins predominate in common
wheat gluten.

Puroindolines (puroindoline a and puroindoline b)
determine the grain texture, which influences its mill-
ing properties and water absorption properties of the
flour. The variations in puroindoline in spelt have
been little studied, probably because spelt generally
has a soft texture (Takac et al., 2021). To date, no spelt
sample has been reported to contain alleles different
from the wild-type (Pina-DlIa and Pinb-D]1a).

Functional and technological properties of spelt
flour. Spelt flour has a nutty flavor, it is more easily
digestible, contains more nutrients, and absorbs more
water (by 3.5%) compared to wheat flour. The protein
content is significantly higher in whole-grain spelt
flour compared to whole-grain wheat flour (Frakolaki
et al., 2018; Takac et al., 2021; Kandi¢ et al., 2023).
For example, the total protein content in spelt flour
samples ranged from 16.6% to 20.2% of dry matter,
whereas in wheat flour it ranged from 11.4% to 13.7%
(Kandi¢ et al., 2023).

Although gluten content is high, it is less elastic
and more brittle than in common wheat and is often
rated as “weak” or “satisfactorily weak” by the defor-
mation index (Kandi¢ et al., 2023). This means that
the dough holds its shape less well and may “spread
out.” Raw gluten, as an indicator, is associated with
the baking quality of flour, as it acts as a binding
agent that holds the flour and other ingredients to-
gether and ultimately creates the dough structure.
The gluten content in spelt flour ranged from 42.2%
to 66.0% of dry matter, while in common wheat it
ranged from 19.5% to 35.5% (Kandi¢ et al., 2023).
The studies have found that spelt has a significantly
higher crude gluten content than wheat (Belcar et al.,
2020; Rachon et al., 2020; Takac et al., 2021).

Although the protein and gluten content in spelt
were high, the associated quality characteristics
showed low values (Toth et al., 2022). The average
gluten expansion rate was 7.8 mm/h, whereas for the
wheat varieties Glenly and Ukrainka, it was 2.5 and
1.1 mm/h, respectively. The glycemic index was 59.2,
whereas for the wheat varieties Glenly and Ukrainka,
it was 97.3 and 99.7, respectively. The sedimentation
index characterizes the viscoelastic properties and
quality of proteins and indicates the potential for
fermentation in dough. It was found that the sedi-
mentation index in spelt was lower than in common
wheat (Podolska et al., 2020; Toéth et al., 2022). The
average value for spelt samples was 34.7 ml, while
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for the common wheat varieties Glenly and Ukrainka,
it was 48.0 ml and 45.6 ml, respectively (Toth et al.,
2022). Significantly higher values were found in the
common wheat variety Bamberka (41.1 ml) than in
the spelt variety Rokosz (29.7 ml) (Podolska et al.,
2020).

The average starch content was significantly higher
in wheat (66.4% of dry matter) than in spelt flour
(62.5% of dry matter) (T6th et al., 2022). Similar
results (66.4% and 64.2% of dry matter) were ob-
tained in the study (Frakolaki et al., 2018). A study
(Kandi¢ et al., 2023) confirmed that spelt genotypes
with lower starch content had higher protein content
in the grain. The average amylose content in spelt
flour (17% of dry matter) and wheat flour (17.1%)
showed no significant difference (Kandi¢ et al., 2023).
As for amylopectin content in flour, there were no
significant differences between the two varieties: in
spelt, it averaged 83% of dry matter, while in wheat
it had an average content of 82.8%.

Significant differences were observed between the
two varieties regarding the content of insoluble fi-
ber (NDF) and hemicellulose (Kandi¢ et al., 2023).
The NDF content in spelt flour genotypes averaged
62.6% of dry matter, whereas in wheat flour it was
69.6%. The hemicellulose content in spelt flour ranged
from 48.0% to 59.9% of dry matter, while in wheat
it ranged from 60.9% to 66.9%. Escarnot et al. also
reported lower NDF and hemicellulose contents in
spelt genotypes compared to wheat (Escarnot et al.,
2010, 2012).

The ADF (acid-detergent fiber) index is a specific
parameter characterizing the content of the least di-
gestible substances, and as it increases, feed/food
digestibility decreases. Spelt genotypes had higher
mean ADF values (7.87% dry utilization (DU)) com-
pared to wheat (6.70% DU), indicating that wheat
is superior in terms of digestibility (Kandi¢ et al.,
2023). The lignin (4.75% DU) and cellulose (3.12%
DU) contents in spelt samples were higher compared
to wheat genotypes (4.53%, 2.21% DU, respectively)
(Kandi¢ et al., 2023). However, Escarnot et al. (Es-
carnot et al., 2010) reported that lignin content was
similar in spelt and wheat genotypes. A lower dietary
fiber content in spelt flour compared to wheat was
found in a study (Suchowilska et al., 2020). The to-
tal sugar content in spelt flour ranged from 0.72 to
3.12 mg g! of dry matter, whereas in common wheat
genotypes, it ranged from 1.92 to 3.0 mg g~! (Kandié¢
et al., 2023). A comparison of the results obtained

by different authors indicates that these traits were
strongly influenced by environmental factors.

The SRC (Solvent Retention Capacity) method
is a technique for determining the ability of flour to
retain a solvent, based on centrifuging the sample
after incubation with various solvents (water, lac-
tic acid, sodium carbonate, sucrose). It allows for
the measurement of moisture-absorbing capacity, as
well as the functionality of flour components such
as pentosans and glutenin, which helps assess their
impact on dough quality. Significant differences were
observed between spelt and wheat in terms of the SRC
of water and sodium carbonate (Kandi¢ et al., 2023).
For spelt genotypes, the water SRC values ranged
from 60.5% to 67.1%, while for wheat genotypes —
from 72.6% to 78.0%. The SRC value for sodium
carbonate, which is related to the content of damaged
starch in flour, ranged from 79.9% to 88.7% in wheat
flour, while in spelt flour, it ranged from 66.4% to
76.7%. The SRC value for sucrose, which is related to
the arabinoxylan content in flour, was slightly higher
on average (96.9%) in wheat genotypes compared to
spelt genotypes (92.8%), indicating a slightly higher
arabinoxylan content in common wheat (Kandic¢ et al.,
2023). A study (Aghagholizadeh et al., 2019) reports
that the SRC of lactic acid can be used to determine
the quantity and quality of glutenin fractions present
in flour. Lactic acid SRC in wheat flour ranged from
68.0% to 81.3%, and in spelt it ranged from 64.7%
to 68.9%.

Glutinous properties. The glutinous properties of
flour depend on various chemical components of the
grain, as well as their interactions. Starch granules do
not dissolve in water at room temperature, but they
become disorganized during heat treatment. Glutino-
city curves indicate the ability of starch to retain
water and swell when the suspension is heated from
25 to 95°C, and their shape depends on the ratio of
amylose to amylopectin, as well as protein and fat
compounds. Peak viscosity (Vpeak) indicates the
maximum consistency obtained when heating flour
with excess water, and spelt genotypes showed sig-
nificantly higher values compared to common wheat
(Kandic¢ et al., 2023). Peak viscosities were observed
in the range of 25 to 27 minutes, and Vpeak for spelt
genotypes ranged from 370 to 970 Brabender units
(BU), whereas for wheat genotypes these values
ranged from 170 to 560 BU. The highest peak temper-
ature (92.3°C) was observed in spelt, and the lowest
(84.7°C) — in wheat genotypes. The final viscosity
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for spelt genotypes ranged from 460 to 1,200 BU,
and for wheat, from 230 to 850 BU. In another study
(To6th et al., 2022), the average peak viscosity in spelt
was 3706 cP (centipoise), ranging from 1751 cP to
3824 cP. The average starch gelatinization tempera-
ture was higher for spelt (63.5°C) than for wheat
samples (61.3°C); the average gelatinization time was
9.0 min, and the average starch damage index (12.7)
was lower in spelt than in wheat (17.3 and 18.8 for
the Glenly and Ukrainka varieties, respectively).

A correlation analysis of these characteristics con-
ducted by Toth (Toth et al., 2022) showed that the
viscous properties of starch (peak, minimum, final,
and reverse viscosity) negatively correlated with pro-
tein and gluten content, but positively correlated with
quality-determining characteristics (glycemic index,
Zeleny sedimentation index, dough stability). Water
absorption positively correlated with starch damage,
but negatively correlated with viscosity parameters
and starch gelatinization temperature. The starch gela-
tinization temperature also correlated positively with
the glycemic index, Zeleny sedimentation index, and
dough stability.

Baking properties of spelt. Dough made from
spelt flour is characterized by lower stability and
elasticity and higher extensibility; it forms 2.5-3.5
times slower than dough made from wheat flour (Sob-
czyk et al., 2017). In spelt, it is softer and stickier
after mixing, making it more difficult to work with,
and the loaf volume is generally smaller than that
of modern wheat varieties (Takac et al., 2021). The
farinograph parameters showed lower average values
compared to wheat: gluten expansion ranging from
1.0 to 20.5 mm, Zeleny sedimentation index ranging
from 16.0 to 73.0 ml, dough softening — up to 306.0
farinograph units, and water absorption ranging from
51.3% to 63.3% (Toth et al., 2022). The flour yield
after milling was highly variable for spelt, ranging
from 31.8% to 75.1% and averaging 58.2%.

Spelt bread typically has a denser structure and
a lower specific volume (by 10-20%) than wheat
bread (Schober et al., 2002). The products have a
characteristic golden or yellowish hue, a rich nutty
aroma, and a sweet aftertaste. Due to its high fiber
content and protein characteristics, spelt bread stays
soft longer. Spelt carbohydrates are digested more
slowly, which positively affects nutritional value.
Due to the delicate structure of gluten, it is important
to avoid intensive kneading so that the dough does
not lose its ability to retain gas. Spelt often requires

less liquid than specified in standard wheat recipes,
or requires a different hydration regime (Arendt, Zan-
nini, 2013).

Frakolaki et al. (Frakolaki et al., 2020) investigated
the potential use of spelt flour for bread baking in
mixtures of spelt and wheat flour (with spelt content
ranging from 0% to 100% in 10% increments). It
was found that a spelt flour content of up to 20%
yields bread quality and organoleptic characteristics
similar to those of wheat bread, whereas a content
exceeding 70% leads to a deterioration in the bread
quality characteristics. Callejo et al. (Callejo et al.,
2015) found that spelt bread has high crumb elasti-
city but low crumb uniformity compared to wheat
bread. Rodriguez-Quijano et al. (Rodriguez-Quijano
et al., 2019) demonstrated that spelt dough exhibits
low strength and viscosity and higher degradation
as indicated by SDS measurements, alveograph, and
consistograph readings, suggesting weaker gluten in
spelt.

The Hagberg falling number provides an indication
of alpha-amylase activity in the grain and the baking
quality of the flour (Safdar et al., 2023). Podolska et
al. (Podolska et al., 2020) found that Triticum spelta
had the highest falling number compared to common
wheat. Literature data indicate significant differences
in this parameter among spelt varieties. According to
(Rachon et al., 2016), the falling number ranged from
228 s (Ceralio variety) to 354 s (Holstenkorn variety),
and according to (Toth et al., 2022), it ranged from
103 s to 613 s across different spelt genotypes.

The rheological characteristics of dough depend
on the properties of the flour components and their
interaction, which arises as a result of hydration and
the input of energy during mixing. In the study by
Podolska et al. (2020), soft wheat was characterized
by a flour strength “W” value (312x10~* J), while
spelt had a lower value (146x10~* J), indicating a
lower quality of its gluten complex and its suitability
for production, for example, of waffles. These re-
sults are confirmed by Sobczyk et al. (Sobczyk et al.,
2017). The dough energy of spelt is lower compared
to common wheat and varies significantly — from
24 cm? to 71 cm?.

The P parameter of the Chopin Alveograph is an in-
dicator of dough elasticity and depends on the degree
of flour absorbency. Common wheat has higher dough
elasticity compared to spelt (Sobczyk et al., 2017,
Podolska et al., 2020). In spelt, this parameter is highly
variable and ranges from 54 mm to 218 mm. The dough
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extensibility (L) in Triticum spelta (88 mm) was
slightly higher compared to common wheat (79 mm)
(Sobczyk et al., 2017). The P/L index for the com-
mon wheat variety Bamberka was 1.53, and for the
spelt variety Rokosz — 0.71 (Podolska et al., 2020).
Wheat suitable for confectionery products should
have a P/L ratio below 0.50 (Sobczyk et al., 2017).

The amount of high-molecular weight (HMW-GS)
and low-molecular weight (LMW-GS) glutenin sub-
units positively correlates with dough energy and
bread volume, whereas gliadin content and a higher
gliadin-to-glutenin ratio have a negative effect on
these parameters. Podolska et al. (Podolska et al.,
2020) found that the HMW-GS to LMW-GS ratio
ranged from 0.38 (common wheat) to 0.40 (spelt).
The higher gliadin:glutenin ratio in spelt compared to
wheat is likely the main reason for the lower baking
quality of dough made from this grain.

The physiological (nutritional) effect of spelt
consumption. Spelt was first cultivated as a bread
grain in the 8th century BC and is currently regain-
ing well-deserved attention (Frakolaki et al., 2018).
Growing awareness of the close link between diet
and human health is currently significantly chang-
ing people’s dietary preferences worldwide, driving
increased consumption of foods with high nutritional
value. One reason for the interest in spelt is its pre-
sumed beneficial nutritional effects and higher content
of health-promoting components (e.g., higher levels
of protein, unsaturated fatty acids, minerals, vitamins,
and phytochemicals). For example, the silicon oxide
found in the grains of this cereal is important for skin,
hair, and nails, and also enhances brain function.
The zinc found in spelt is a well-known therapeutic
agent for intestinal disorders. Valuable aminoacids
(phenylalanine, tyrosine, and isoleucine) are essential
for the proper functioning of the nervous system.
Dietary fiber is recommended for the prevention of
gastrointestinal disorders, as it likely helps prevent
the development of type 2 diabetes, obesity, gallstone
disease, and colorectal cancer (Sztupecki et al., 2023).
Hemicellulose can bind heavy metals, which makes
it an important component of dietary fiber in grains
and improves food quality (Koenig et al., 2015). Due
to its high content, dietary fiber can swell and absorb
water in the human digestive tract, leading to positive
physiological effects (Singh et al., 2018).

Today, the higher nutritional value of whole grains

compared to refined grains is widely recognized (Dinu
et al., 2018; Valli et al., 2018), as the beneficial com-

ponents are primarily located in their outer layers.
In addition to their excellent nutritional properties,
pleasant taste, and aroma, spelt flour and baked goods
are becoming increasingly popular due to their high
digestibility, as well as their suitability for consum-
ers with gluten sensitivity (Koenig et al., 2015). A
significant number of patients who do not have celiac
disease but suffer from wheat-related health issues
can tolerate products made from certain spelt variet-
ies (Dinu et al., 2018). Thorup et al. (Thorup et al.,
2014) sought to demonstrate the physiological effects
of consuming spelt in type 2 diabetes and found that
it causes a lower acute glycemic response compared
to common wheat.

Celiac disease is a chronic autoimmune disorder
in which the consumption of gluten proteins from
wheat, spelt, rye, and barley in genetically susceptible
individuals causes damage to the lining of the small
intestine. In celiac disease, the most toxic peptide
segments (epitopes) are present in gluten proteins,
but other proteins also contribute to the development/
induction of the disease. The cytotoxicity of spelt was
found to be similar to that of common wheat, and
despite their different origins, both genomes contain
regions encoding toxic celiac disease epitopes (Chhu-
neja, Arora, 2020). Although clinical tests showed
sensitivity to spelt proteins, the level of which was as-
sociated with the severity of celiac disease symptoms,
the frequency of positive symptoms was significantly
lower in spelt than in wheat. A comprehensive study
of the reactivity of 195 wheat samples and 240 spelt
samples to the monoclonal antibodies A1 and G12
showed a slightly higher average reactivity for spelt
than for wheat, but varieties with low reactivity were
identified (Escarnot et al., 2018).

Irritable bowel syndrome (IBS) is a general term
for gastrointestinal disorders partially associated
with the consumption of carbohydrates known as
FODMAPs (fermentable oligo-, di-, and monosac-
charides and polyols). According to the available
literature, the FODMAP content in spelt is similar
to that in common wheat — 1.1-2.1 g/100 g, with
fructan, which is considered a component of dietary
fiber, accounting for the largest share (Longin et al.,
2020). The positive effect of spelt consumption may
be more closely linked to its processing conditions,
such as extended fermentation periods or the absence
of additives (Guerrini et al., 2019).

Spelt as a source of beneficial genes for common
wheat breeding. Spelt has a significant potential as
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a genetic resource for improving a wide range of
agronomic traits in common wheat, from yield and
its components to resistance to diseases and abiotic
stresses (Xie et al., 2015; Rapp et al., 2017; Geisslitz
et al., 2019; Morgun et al., 2025). In both domestic
and global practice, there are many examples of the
successful use of various spelt ecotypes in breeding
and subsequent hybridization with naked wheat to
improve the latter (Diordiieva et al., 2024; Morgun
et al., 2025).

Spelt has been successfully used as a source of
genes of resistance to certain wheat diseases. The first
studies were conducted on resistance to rust, mainly
to yellow wheat rust (Puccinia striiformis West.),
and several interesting genes (Y75 and Yr/0) were
1dentified, which were transferred to common wheat.
Genes of resistance against leaf rust (P. recondita
f. sp. tritici), such as Lr44, Lr65, or Lr71, and against
stem rust (P. graminis f. sp. tritici) have also been
identified in spelt samples (Dinkar et al., 2020). Genes
of resistance to powdery mildew (Erysiphe graminis
f. sp. tritici) have also been found in spelt (Goriewa-
Duba et al., 2020). However, the presence of traits
considered undesirable, primarily, plant height, brittle
rachis, and grain hull, limits its use for breeding of
other agronomic traits (Alvarez, 2021).

Concerns about the nutritional quality of modern
foods have sparked interest in developing materials
with higher levels of micronutrients necessary for
proper nutrition. These traits can be transferred from
spelt to common wheat through crossing with donor
lines of this cereal (Srinivasa et al., 2014), allowing
for the development of biofortified wheat with good
technological qualities.

Research by Ukrainian and foreign scientists has
demonstrated the positive effects of crossing common
wheat and spelt, in particular, a significant expansion
of the existing genetic diversity of both common
wheat and spelt, and the creation of new forms that
combine the high protein and gluten content of spelt
with the high yield potential of common wheat (Dior-
diieva et al., 2024; Morgun et al., 2025).

New research directions in the genetic improve-
ment of spelt. Two directions in the breeding work
with spelt have been identified: its revival as a stand-
alone crop and its use as a source of economically
valuable traits in breeding programs for common
wheat (Alvarez, 2021). Breeding efforts are aimed
at improving overall spelt productivity while simul-
taneously reducing undesirable traits, such as low

spike yield or susceptibility to lodging (Takac et al.,
2021). Since the 1990s, a fundamentally new trend
has emerged in the breeding of wheat and other ce-
real crops — the creation of varieties with colored
(purple, blue, black) grains, which is now gaining
significant momentum in many countries around the
world (Rybalka et al., 2024). The dark pigmentation
of the grain is caused by anthocyanin pigments, which
exhibit high antioxidant and anti-inflammatory activi-
ty, protect cells from the destructive effects of free
radicals, and have a wide range of positive effects on
the human body, including protection against meta-
bolic syndromes such as obesity, diabetes mellitus,
hypertension, dyslipidemia, cancer, and cardiovascu-
lar diseases (Lin et al., 2017). They slow down aging,
have a neuroprotective effect, and wheat varieties with
colored grains and high anthocyanin content have
high functional food status (Rybalka et al., 2024).

Among existing spelt varieties, there were no geno-
types with colored grains. The Bilberi spelt variety,
featuring dark purple grains and improved nutritional
value, was developed and registered in Ukraine for
the first time in the world (Rybalka et al., 2024).
The grain color of the Bilberi variety is significantly
darker than the purple grain of the Chornobrova va-
riety (the Bilberi variety was obtained by crossing
Schwabenkorn spelt and Chornobrova wheat). Thus,
under the same growing conditions, the anthocyanin
content in the Chornobrova variety is ~60 mg/kg,
while in spelt it is nearly 80 mg/kg. Bilberi spelt
has a high protein content in the grain (16.8%) and
gluten content (45%) (Rybalka et al., 2024). Whole-
grain flour from the Bilberi variety is used to bake
bread using a special technology, as well as biscuit
products such as cookies and crackers.

The Institute of Plant Physiology and Genetics of
the National Academy of Sciences of Ukraine has
launched a program aimed at creating spelt genetic
material with the target trait “black grain,” which
combines a blue color in the grain hull and a purple
color in the aleurone layer of the endosperm and
has the highest anthocyanin content and the highest
antioxidant activity in the grain and its processed
products. For the first time in Ukraine, the black-grain
spelt variety Dobra Novyna has been created and
submitted for the State variety testing in 2023.

CONCLUSION

Over the past few decades, spelt has been gain-
ing increasing attention as a food product due to its
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image as a “healthier, more natural, and less ‘bred’
grain” than common wheat. Initiatives to preserve
biodiversity and efforts to improve nutritional needs
have contributed to the current growth in interest in
its production (Rakszegi et al., 2025). Significant
progress has been made in spelt breeding and genetic
improvement (Curzon et al., 2021).

Spelt variety breeding is primarily carried out by
Swiss and German companies; it is their varieties that
are currently grown in Europe and Ukraine, where
winter varieties dominate in the production. The fol-
lowing varieties are common in Europe: Francken-
korn, Ceralio, Schwabenkorn, Ostro, Oberkulmer
Rothkorn, Schwabenspelz, Holstenkorn, and the most
widespread is Baulander Spelz, which has very good
technological properties. Most of these varieties are
characterized by tall stalks (up to 140 cm), so they
often lodge when sown on fertile soils or after legume
predecessors. The Institute of Plant Production named
after V.Ya. Yuriev of the National Academy of Agra-
rian Sciences of Ukraine, where breeding work on
spelt has been underway for 20 years. A number of
lines with easy threshing ability have been developed,
whose yields are comparable to those of common
wheat. Extensive research and variety development
for this crop are also being conducted at the Uman
National University of Horticulture of the Ministry of
Education and Science of Ukraine. In particular, the
first winter spelt varieties in Ukraine, Zoria Ukrainy
and Evropa, have been developed. The work on the
genetic improvement of spelt has also begun at the
Institute of Plant Physiology and Genetics of the
National Academy of Sciences of Ukraine, where a
collection of spring and winter forms of this crop has
been established (Morgun et al., 2025).

To obtain new spelt varieties with agronomic cha-
racteristics better suited to modern agricultural tech-
nologies, hybridization with semi-dwarf common
wheat is used. This process, which is generally time-
consuming, can be shortened using rapid breeding
methods (Watson et al., 2018). Alternatively, the an-
ther culture for producing double haploids can be used
for the same purpose (Lantos, Pauk, 2021). In fact,
new varieties are being developed using both doubled
haploids and self-pollination followed by breeding
through rapid propagation. These new varieties have
short plant height, which allows for mechanization
and helps prevent the usual lodging. European varie-
ties such as Alkor, Badengold, Ceralio, and Cosmos
have already been developed (Alvarez, 2021). The
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studies conducted with these new spelt varieties have
shown that, although their grain yield is significantly
higher than that of traditional spelt, they are more
sensitive to environmental stressors (Rachon et al.,
2020; Biel et al., 2021).

Despite growing market demand and agricultural
areas, there is a lack of systematic evaluation of ge-
notypic performance across different environments
and years, and the genetic diversity present in modern
spelt germplasm collections remains understudied
(Igbal et al., 2026). Limited information is available
on the genotypic adaptability of spelt, particularly
regarding its suitability for cultivation and use un-
der European conditions. Furthermore, most current
studies evaluate qualitative or agronomic traits sepa-
rately (Dolijanovi¢ et al., 2022; Takac¢ et al., 2021),
which does not allow for a comprehensive assessment
of genotype characteristics.

Thus, spelt has recently attracted significant at-
tention, as evidenced by the increasing number of
studies on its various forms and genotypes based on
quantitative and qualitative traits. However, most of
these studies were conducted with a limited number
of samples, which could have led to biased results.
For this reason, the evaluation of large spelt collec-
tions helps identify new genotypes with valuable
traits that can be used to develop better-adapted spelt
varieties and enhance the genetic diversity of com-
mon wheat.
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Mmennns cuenvra (Triticum aestivum ssp. spelta (L.)
Thell.) — pi3HOBUA IJTIBUACTOI MIIICHUII, TCHOM SIKOT TaKHIii
CaMHUif, sIK y rekcarutoinHoi M’sikoi mmenutti (7. aestivum L.)
Ta XapaKTepu3yeThesi OararbMa I[IHHUMH BJIACTUBOCTIMH,
cepen SIKUX CTIMKICTh pOCIHH 10 TAaTOTeHIB, Kpalla ajaan-
TUBHICTB 10 HECTPUSTINBUX YNHHUKIB JTOBKIJUIS, TIiIBU-
IIeHUH BMicT OinKa B 3epHi, Xap4yoBi LIHHOCTI 3epHa.
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B ocTaHHI poKM MOMYISAPHICTH i BUKOPUCTAHHS CIICITb-
TH y CBITi, # YKpaiHi 30KkpeMa, HeBIIMHHO 3POCTaE, 10
MOB’s13aHO 13 PO3BUTKOM OpPraHiyHOTO 3eMiepo0cTBa, a
TaKoX 3 MOTPeOOI0 y BUCOKIN SIKOCTI MPOAYKTIB Xapuy-
BaHHS, AKy 3a0e3Medye JAaHa KynbTypa. Y 3B S3KYy 3 IIUM
METOIO JJAHOTO OTIISAY OyJIO TPEJICTaBUTH CydacHHUH CTaH
JIOCJIIJKeHb 010JIOTIYHUX BJIACTHBOCTEH MIICHHUIII CIIETb-
TH, a TAaKOXX NMEPCTEKTHBU 11 BUKOPHUCTAHHSA Yy CEJIEKIIi.
KopoTko po3risgHyTO CydacHi TilTOTE3H IMOXOKEHHS Ja-
HOI KyJbTypH, il mommpeHHs y CcBiTi Ta YKpaiHi, a Takox
010JIOTIUHI XapaKTePUCTHUKHU IHOTO 37aKy. JleTanbHO BU-
CBITJICHO TEHETUYHI 0COOIMBOCTI CIEIBTH, 30KpeMa reHU
MOp(DOIIOTIYHIX 03HAK, SIPOBU3AIIiT Ta OTOEpioay, Bapia-
OenbHICTh reHiB Bakci. Onucannii mosniMopdizm 3a reHaMu
3armacHUX OUIKIB Ta MOUIUPEHICTh IX ajleliB, sIKi MOXYTh
OyTH BHKOpHCTaHI SIK MapKepHI CHCTEMH Ta JKEpelo
30araueHHs TeHo(OHAY M Kol mimeHuti. [IpeacraBieHo
CydacHi JlaHi Npo SKiCTh 3€pHA CIENbTH, 30KpemMa Horo
(Gi3uvHI BIACTUBOCTI, XIMIYHUHN CKJIAJ, PYHKI[IOHAIBHO-
TEXHOJIOTTYHI Ta XJIi00MeKapchKi BIACTHBOCTI OOPOIIHA.
Bucgitineno ¢izionoriganii e(heKT CIIOKUBAHHS CIIEIBTH.
Po3rnsiHyTO mei 37maK SK JHKepesro KOPUCHUX TeHIB s
cernexuii M’gxoi nurennni. [IpeacraBieHo BiqOMOCTI Mpo
CyuacHi cTpaTerii Ta HOBI HAyKOB1 HAIIPSIMH T€HETHYHOTO
MOJIIIIICHHS TaHOT KyIbTypH.

Kurwuosi cinoBa: Triticum spelta, MOXOMKEHHS, MOIIH-
peHHs, 610J0T1YHI BIACTHBOCTI, TEHETUYHI 0COOIMBOCTI,
SIKICTh 3epHa, BUKOPUCTAHHSI B CEJICKIIi.
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