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B pucoceronyx ctpaHax Mupa BBIPAIMBAIOT OTPOM-
HOE KOJINYECTBO Pa3HOTUIIHBIX COPTOB pHca, KPYIy
KOTOPBIX MUCIIOJIB3YIOT JUISl IIPUTOTOBJICHHS Pa3IHYHBIX
6mron. Ocoboe MecTo B HAIIMOHAIBHOW KyXHE a3HaT-
CKHX CTPaH 3aHHMAIOT COpTa KIeHKOTro (BOCKOBHIHO-
r0) puca, B Kpaxmaye KOTOPOTO COMEPIKUTCSI MCHEe

5 % amuio3sl ¥ OTCYTCTBYET TIIOTEH. [IumeBas meH-
HOCTB KPYTIBI TAKOTO PHCA YCUIMBAETCS MOBBIIIIEHHBIM
coJiep>kKaHrEM OJISHHOBOMW M JIMHOJIEBOH KucioT. Co-
JiepKaHNEe aMUJIO36I B 3epHE PHCa KOHTPOIAPYETCS
renoM WX. BockoBHIHOCTB 3HIOCTIEpMA KIICHKOTO
puca 00ycIIoBIEHa TPUILIEKCOM PELECCUBHBIX ajlie-
neit WXWxXwX. B Poccuiickoit @eaepanuu coriiacHo
I'OCTa 55289-2012 3epHe puca B 3aBUCUMOCTH OT
KJlacca He JIOJDKHO OBITH TJIFOTHHO3HBIX 3epeH OoJiee
0,3-1,0 % IlosToMy co3naBacMbIe 34€Ch TIFOTHHO3-
HBIE COpTa prca UMEIOT SICHO BEIPAKEHHBIN MapKep-
HBIH TPU3HAK — (PMOJIETOBYIO OKPACKY I[BETKOBBIX Ue-
Iy METEeNKH. DTO TTO3BOJISIET JISTKO KOHTPOJINPOBATh
COPTOBYIO YHCTOTY 3THUX COPTOB, a TAK)Ke UCKITIOYATh
3acOpeHNe UMH ITOCEBOB TPAIUIIMOHHBIX COPTOB pHca.
Co3maHHBIC TIIOTHHO3HBIE COPTa pUCa: KOPOTKO3Ep-
Heie Buona, Buonerra u nnuaHo3epHsbiil Bura mnpo-
IIJIM IPON3BOJICTBEHHYIO, TEXHOJIOTHYECKYIO U KyJIHU-
HapHyIo rpoBepky. B 2022r. na 'ocucnbitanue nepe-
JlaH HOBBIH copT kinelikoro puca Jlekaps. Kpymna takux
COPTOB PEKOMEH/IYETCsI JUIsl IPUTOTOBJICHHS INeTHYC-
CKHX OJII0]1, @ TaK)Ke MPOU3BOJICTBA MYKH IIPH BhIpa-
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In rice-growing countries around the world, a huge
number of different types of rice is grown, theigsa

of which are used to prepare various dishes. Aiapec
place in the national cuisine of Asian countriesds
cupied by varieties of glutinous (waxy) rice, itarsh
containing less than 5% amylose and being gluten-
free. The nutritional value of such rice cerealsris
hanced by the increased content of oleic and lioole
acids. The amylose content in rice grain is cdietdo
by the Wx gene. The waxiness of the endosperm of
glutinous rice is caused by a triplex of recessileles
wxwxwx. Rice grains, depending on the class, should
not contain more than 0.3-1.0% glutinous grains ac-
cording to RF GOST 55289-2012. Therefore, the glu-
tinous rice varieties being created here havearlgle
expressed marker trait — the purple color of thevér-
ing scales of the panicle. This makes it easy tdrob
the varietal purity of these varieties, as welt@pre-
vent them from contamination of traditional riceiea
ties. The created glutinous rice varieties sucshast-
grain Viola, Violetta and long-grain Vita passed{r
duction, technological and culinary testing. In 202
new variety of sticky rice, Lekar, was submitted fo
State Testing. Cereals of these varieties are recom
mended for the preparation of dietary dishes, dsase
the production of flour for baby and medical nitbrit
The article presents the genealogy of Russian-gluti
nous varieties and their nutritional value
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0OTKe MPOIYKTOB IETCKOTO U JICUCOHOro MUTaHus. B
CTaThe MPEACTaBIIEHA T€HEANOTHsI POCCUHCKUX TIIOTH-
HO3HBIX COPTOB M X ITUINEBas IIEHHOCTh

Kirouessie ciosa: PUC, CEJIEKIINS, COPT, Keywords:RICE, BREEDING, VARIETY, GLUTI-
KJIEMKHUI PUC, AMUJIO3A, AMUJIOTIEKTHH, NOUS RICE, AMYLOSE, AMYLOPECTIN, NU-
[MUIIEBAA HEHHOCTD TRITIONAL VALUE

http://dx.doi.org/10.21515/1990-4665-196-016

Rice is the leading crop of irrigated agricultureldhe staple food for the
majority of the world's population. Most of the wibs rice production is con-
sumed by local populations, especially in Asianntoas. To prepare cereals
there it is required only to husk the grain remgvthe flower scales. At the
same time, the fruit shell (aleurone layer) contajrproteins, fats and vitamins
Is preserved. This cereal is a complete food proddewever, the hulled grain
Is stored for several days only, and then thedatsancid. Therefore, in order to
obtain cereals that will be stored for a long tiam®l commercialized, the rice
grains are abraded and polished after husking.céneal is given a marketable
appearance. But during abrading the germ is brokiesnd the aleurone layer is
removed, which leads to a depletion of the chengoahposition of the cereal.
Disposing of the germ removes chemical contaminasesl during rice growing
which may have found their way into the grain. Tteasence in polished grains
has been repeatedly confirmed by special chemitalyaes [12]. This cereal
can be used as a dietary product.

Rice grain is 90% starch. Rice starch consistsvof ¢lasses of glucose
polymers — amylopectin and amylose. Amylose is akiye branched linear
molecule, while amylopectin has a much larger p@ynunit containing
branched bonds [21].

Based on the trait “amylose content” in the endosp®©ryza satival.
varieties are classified into several groups: gluis (less than 5%), very low-
amylose (from 5 to 9%), low-amylose (from 10 to )9%nedium-amylose (21-

25). %), and high-amylose (above 25%) [25]. The lasg/content in the groats
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of the most rice varieties cultivated in Russiagesfrom 15 to 24%, so they are
classified as low- and medium-amylose.

Among the varietal diversity in rice growing, a sja group includes the
varieties and forms of glutinous or waxy (stickiger Glutinous rice has the ef-
fect of gluing the grains together during cookitiyys giving it this name. Its
grain differs from other varieties of rice in thiegsance (or insignificant amount)
of amylose and a large amount of amylopectin. Ampgtdin is responsible for
the sticky quality of glutinous rice [28]. Waxy eéi@oes not contain dietary glu-
ten (i.e., it does not contain glutenin or gliadis) it can be used in gluten-free
diets [26]. This rice is safe for people with glutgensitivity [31].

Waxy rice is considered a high-quality product watlsticky consistency
[23]. Due to its unique functional characteristiegxy rice is widely used in
processed foods, drugs, and cosmetics [14, 16]yNtaitional Asian desserts
are made from it. Despite the general charactemgtiow amylose content, va-
rieties of such rice differ in taste. Study of M.-Kang et al. (2010) of these
qualities in eight popular Korean glutinous riceigtes revealed their differ-
ences in the physical and chemical properties@ftioats, such as digestibility,
pasting characteristics, mineral and sugar contants amino acid and fatty ac-
id compositions [22].

Glutinous rice is grown over large areas in alnadisAsian countries. For
example, about 85% of the rice produced in Laa¥ ihis type. In China [33],
white non-transparent cereal is obtained from siogh(Fig. 1).

For conservation in the International Rice Geneb@RKC) 6,530 gluti-
nous rice varieties had been selected in glutimoeesgrowing countries by
2013 [30]. In most Asian countries many glutinoiee rvarieties are ancient;
their selection is inextricably linked with the dé&epment of the traditional cul-
ture of the people of these countries and naticoaine. Their cultivation is

confined to local conditions in certain ethnic & €24]. More modern rice varie-
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ties with low amylose content are usually creatsthag traditional breeding

methods.

O6bI4HbIN pUC Knenkuin puc

Figure 1 — Regular (amylose) and glutinous (stiekgxy) rice grains

Genetic studies by foreign researchers have shioatramylose content is
controlled by one main gene, WX, located on chram@s6 [14]. In this case,
the high content of amylose dominates over its &owl intermediate content
[23]. According to P. He et al. (1999) the inhertta of grain quality in cereal
crops is more complex than other agronomic traies td epistasis, maternal and
cytoplasmic effects and the triploid nature of émelosperm [19].

The complex nature of the inheritance of amylos#e is confirmed by
other studies [28, 29]. V. A. Dzyuba et al. (20bB)ieve that the structure of the
endosperm of the rice grain depends on the coratetrand number of domi-
nant and recessive alleles. The triplex of domirgenies WxWxWx forms a
glassy endosperm. The presence of at least onssreeallele wx changes the
structure of the endosperm towards glutinous-dite triplex of recessive al-
leles wxwxwx forms a glutinous-dull endosperm. Blexs should take this ge-
netic feature into account when creating new gautsirice varieties [1].

Currently, for the selection of glutinous rice \&ies, scientists often use

the mutagenesis method, including using the CRIGB&3 system. The devel-
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opment of this gene editing system allows rice theegto control the expression

of the Wx gene to obtain rice varieties with desisearch quality traits [18].

The study of molecular methods for controlling that “amylose con-

tent” by various alleles of the Wx gene showed tnatker-assisted selection

(MAS) can be used in the future to create stantmaderial with a certain amount

of amylose [2].

Improving the nutritional properties of rice groatsd increasing its nutri-

tional value is one of the main tasks underlyingeloiing programs. Numerous

studies on the comparative study of regular antdnglus (waxy) rice, conducted

in various countries, have shown that there areifsignt differences between

the starch of these rice varieties (Table 1).

Table 1 — Difference between regular and waxy steech

Regular
Components (non-waxy) rice Waxy rice starch Comment
starch
Main compo- 15-20 % amylose andLow (0-2%) or almosi
nents 80-85 % amylopectin no amylose; high am- -
[27] ylopectin content [17
Lipids 0,9-1.3% lipids, con{ Minor content [35]
sisting of 29-45%
fatty acids and 48% B
phospholipids [36]

Endosperm Transparent [27] Whitish and opaque

transparency [35] B

Starch swelling Low High Starch swelling is a prapef
amylopectin, while amylose

slows down swelling [32]

Gelatinization High [36] Low [36] -

temperature

Solubility Low High The higher the amylose conte
the lower the solubility [34]

Crystallinity Lower Higher Amylose content negatively

values correlates with relative crystal

linity [34]
Syneresis Low strength High strength Waxy rice starch gehiwre
(spontaneous resistant to syneresis after a fr

decrease in vol-
ume with separa
tion of fluid)

thawing cycle due to the for-
mation of fewer intermolecula
associations [13]

ee

Freeze/Thaw
Stability

Low

High
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In the Russian Federation, sticky rice is calladtigbus, which is a trans-
lation from Latin:glutinosus— glue-like or sticky, and not in the sense of con-
taining gluten. The selection of such varietiethatFederal Research Center for
Rice has been carried out since the 1990s usidditnraal methods. As a result,
short-grain varieties Viola, Violetta and long-gra¥ita were created [3, 6, 7,
11]. Plants of these varieties have a well-defimagker trait — purple coloration

of flower scales (Fig. 2).

Figure 2 — Glutinous rice varieties: Viola, Viokt\Vita
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This makes it easy to distinguish their crops frotmer cultivated varie-
ties of rice and maintain varietal purity. In thenditions of rice seeding, which
Is used in the Russian Federation, maintainingetias in purity is possible only
if there are distinctive morphological charactécsbf the plants, clearly visible
during the period of varietal weeding.

The State Standard of the Russian Federation gignify limits the pres-
ence of glutinous rice in the commercial grain olfigated varieties. Rice grain
is divided into four classes depending on qualitythis case, the content of glu-
tinous grains in harvested rice should be no muoae:tfor highest class - 0.3%,
first - 0.5%, second and third - 1.0% [10]. Thegaemce of marker traits in Rus-
sian glutinous varieties makes it possible to #yricontrol their inclusion in
commercial rice crops.

When studying the fatty acid composition of grasfishe glutinous varie-
ties Viola and Violetta, their differences from eentional varieties were re-
vealed [4]. Rice oil is of greatest interest imterof the content of oleic and lin-
oleic acids, which are found in almost equal cotregions (Table 2).

Table 2 — Characteristics of rice varieties byfaitid composition, % of

the total acid content in hulled rice [4]

Fatty acid Variety
Viola Violetta Liman
(standard)

Myristic 0,48 0,37 0,22
Palmitic 15,08 15,82 15,83
Palmetooleic 0,11 0,10 0,11
Stearic 1,62 1,49 1,55
Oleic 42,14 39,60 39,54
Linoleic 38,30 40,22 40,27
Linolenic 1,04 1,22 1,31
Arachidic 0,65 0,58 0,61
Eicosenoic 0,47 0,48 0,50
Behenic 0,21 0,17 0,17

As can be seen from Table 2, Viola variety excabdsstandard Liman
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variety in oleic acid content by 6.2%. The preseofdeolenic acid in the range
of 1.0-1.3% increases the biological value of thisThe content of palmitic ac-
id in the range of 15.0-15.8% is significantly diftnt from many vegetable oils.
This indicates the high nutritional value of groatd/iola and Violetta varieties
[4].

Russian glutinous varieties Viola and Violetta h&een widely tested in
production and by nutritionists. Since 2011, at tice processing plant of the
Agro-Alliance company, the production of groatsloése varieties has been es-
tablished, it was supplied to stores under the drdfunNat rice for children
and their parents” in boxes weighing 700 g [5] e MunNatbrand offered cere-
als intended for baby food, as well as for anyoihe pwrefers dietary products.
YunNatrice has a unique carbohydrate composition. Urthaditional domestic
varieties of rice, its starch consists entirelyeasily digestible amylopectin. Due
to its molecular structure, this valuable sourcenatrition interacts freely with
digestive enzymes, is more completely broken domehia easily absorbed even
by a child. At the same time, the flow of energipithe body is characterized by
a uniform and long-lasting effectunNatrice was produced in strict accordance
with international standards for baby food. It lvgJs to hypoallergenic (gluten-
free) products. It was recommended for childremfi® years of age, especially
those actively involved in sports. Unfortunately, 2020, the Agro-Alliance
stopped growing these varieties and the produciaiutinous rice.

The main problem in the breeding of glutinous c®ussia is the limited
source material with the genes of the target tidius, among 250 collection
samples studied in 2012-2015, only one variety okmochi from Japan, did not
contain amylose in the grain and belonged to ghutsnvarieties [9]. However,
the Kuro-mochi variety does not have pronouncedindisve morphological
characteristics from ordinary rice varieties, swh the Philippine glutinous
sample Qu jung Do (IRRI-06537), which has purptevitr scales and high re-

sistance to blast disease. That is why Qu jung @s used for hybridization
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with Slavyanets variety as a gluten content dodespite its late ripening, tall-
ness and poor resistance to lodging. This madessiple to select plants with a
violet panicle and a very low amylose content ie bybrid offspring. As a re-
sult, well adapted to local conditions Violetta iety was created [5]. It was
then used in further breeding work. Based on Vialetew glutinous varieties
Yuzhnaya Noch, Vita and Lekar were bred, whichppearance are easily dis-

tinguishable from cultivated amylose rice varie(Es. 3).

L-5-80 (Slavyanets) / Qu jung Do
Violetta

PK-04620 // Rubin //PK-04629 /HB-1
Individual ~selection

L ekar Y uzhnaya Noch
/ Metelitsa

Vita

Figure 3 — Genealogy of Russian glutinous riceetas

The glutinous (sticky) rice variety Lekar was sutted for state testing in
2022 [8]. Its plants have a purple coloration af flowering scales of the grain
and short awns, as a marker feature to distingufsbm ordinary non-glutinous
rice, and a white waxy grain, characteristic ofeotylutinous varieties (Fig. 4).

The groats are white, waxy. It is recommended & in confectionery
production, for preparation of milk porridges, $uaf vegetables, dietary dishes,
as well as the production of flour for baby and roaldnutrition products.

Plants of the variety Lekar are highly resistanbkast disease and there-
fore do not require the use of fungicides. The atsiris not shedding, but it
threshes easily. The variety is suitable for mez®hharvesting.
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Nlekapb (KCHU-17) Nekapb (KCU-17)
Figure 4 — Glutinous rice variety Lekar: plantsaigs and groats

The average yield in the competitive test overdhyears was 8.38 t/ha,

which was at the level of the standard variety Rapa
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For the widespread use of groats of this variety agedicinal and dietary
product, it is necessary to conduct a test in aicaédhstitution under the super-
vision of experienced doctors, accompanied by lalooy tests.

The Federal Research Center for Rice has beguragatipg the variety
Lekar to provide seeds for applications for itgitgs In 2023, Niris LLC con-
ducted production testing of the variety in fielshditions and a preliminary as-

sessment of grain quality.

Conclusions.

1. Sticky or glutinous rice is cultivated in mostian countries, where it is
widely used in national cuisine.

2. The high nutritional value of glutinous riceeissured by its low amyl-
ose content (less than 5%), the absence of glutdrthee high concentration of
oleic and linoleic acids. Therefore, this rice fen used as a dietary and medic-
inal product.

3. The waxiness of grain in glutinous rice varietie controlled by a tri-
plex of recessive genes WXWxXwX.

3. In the Russian Federation from 1994 to 2014irghuts rice varieties
have been created: short-grain varieties Viola ¥inodetta, long-grain Vita. In
2022, a new variety Lekar was submitted for Stagstifg, the groats of the va-
riety being recommended for the preparation ofayefood, as well as baby and

medical nutrition products.
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