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В рисосеющих странах мира выращивают огром-
ное количество разнотипных сортов риса, крупу 
которых используют для приготовления различных 
блюд. Особое место в национальной кухне азиат-
ских стран занимают сорта клейкого (восковидно-
го) риса, в крахмале которого содержится менее 
5 % амилозы и отсутствует глютен. Пищевая цен-
ность крупы такого риса усиливается повышенным 
содержанием олеиновой и линолевой кислот. Со-
держание амилозы в зерне риса контролируется 
геном Wx. Восковидность эндосперма клейкого 
риса обусловлена триплексом рецессивных алле-
лей wxwxwx. В Российской Федерации согласно 
ГОСТа 55289–2012 в зерне риса в зависимости от 
класса не должно быть глютинозных зерен более 
0,3-1,0 %. Поэтому создаваемые здесь глютиноз-
ные сорта риса имеют ясно выраженный маркер-
ный признак – фиолетовую окраску цветковых че-
шуй метелки. Это позволяет легко контролировать 
сортовую чистоту этих сортов, а также исключать 
засорение ими посевов традиционных сортов риса. 
Созданные глютинозные сорта риса: короткозер-
ные Виола, Виолетта и длиннозерный Вита про-
шли производственную, технологическую и кули-
нарную проверку. В 2022 г. на Госиспытание пере-
дан новый сорт клейкого риса Лекарь. Крупа таких 
сортов рекомендуется для приготовления диетиче-
ских блюд, а также производства муки при выра-

In rice-growing countries around the world, a huge 
number of different types of rice is grown, the grains 
of which are used to prepare various dishes. A special 
place in the national cuisine of Asian countries is oc-
cupied by varieties of glutinous (waxy) rice, its starch 
containing less than 5% amylose and being gluten-
free. The nutritional value of such rice cereals is en-
hanced by the increased content of oleic and linoleic 
acids.  The amylose content in rice grain is controlled 
by the Wx gene. The waxiness of the endosperm of 
glutinous rice is caused by a triplex of recessive alleles 
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 have a clearly 
expressed marker trait – the purple color of the flower-
ing scales of the panicle. This makes it easy to control 
the varietal purity of these varieties, as well as to pre-
vent them from contamination of traditional rice varie-
ties. The created glutinous rice varieties such as short-
grain Viola, Violetta and long-grain Vita passed pro-
duction, technological and culinary testing. In 2022, a 
new variety of sticky rice, Lekar, was submitted for 
State Testing. Cereals of these varieties are recom-
mended for the preparation of dietary dishes, as well as 
the production of flour for baby and medical nutrition.   
The article presents the genealogy of Russian gluti-
nous varieties and their nutritional value 
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ботке продуктов детского и лечебного питания. В 
статье представлена генеалогия российских глюти-
нозных сортов и их пищевая ценность 
 
Ключевые слова: РИС, СЕЛЕКЦИЯ, СОРТ, 
КЛЕЙКИЙ РИС, АМИЛОЗА, АМИЛОПЕКТИН, 
ПИЩЕВАЯ ЦЕННОСТЬ  
 
http://dx.doi.org/10.21515/1990-4665-196-016   

Keywords: RICE, BREEDING, VARIETY, GLUTI-
NOUS RICE, AMYLOSE, AMYLOPECTIN, NU-
TRITIONAL VALUE 

 

Rice is the leading crop of irrigated agriculture and the staple food for the 

majority of the world's population. Most of the world's rice production is con-

sumed by local populations, especially in Asian countries. To prepare cereals 

there it is required only to husk the grain removing the flower scales. At the 

same time, the fruit shell (aleurone layer) containing proteins, fats and vitamins 

is preserved. This cereal is a complete food product. However, the hulled grain 

is stored for several days only, and then the fats go rancid. Therefore, in order to 

obtain cereals that will be stored for a long time and commercialized, the rice 

grains are abraded and polished after husking. The cereal is given a marketable 

appearance. But during abrading the germ is broken off and the aleurone layer is 

removed, which leads to a depletion of the chemical composition of the cereal. 

Disposing of the germ removes chemical contaminants used during rice growing 

which may have found their way into the grain. Their absence in polished grains 

has been repeatedly confirmed by special chemical analyzes [12]. This cereal 

can be used as a dietary product. 

Rice grain is 90% starch. Rice starch consists of two classes of glucose 

polymers – amylopectin and amylose. Amylose is a weakly branched linear 

molecule, while amylopectin has a much larger polymer unit containing 

branched bonds [21]. 

Based on the trait “amylose content” in the endosperm, Oryza sativa L. 

varieties are classified into several groups: glutinous (less than 5%), very low-

amylose (from 5 to 9%), low-amylose (from 10 to 19%), medium-amylose (21-

25). %), and high-amylose (above 25%) [25]. The amylose content in the groats 
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of the most rice varieties cultivated in Russia ranges from 15 to 24%, so they are 

classified as low- and medium-amylose. 

Among the varietal diversity in rice growing, a special group includes the 

varieties and forms of glutinous or waxy (sticky) rice. Glutinous rice has the ef-

fect of gluing the grains together during cooking, thus giving it this name. Its 

grain differs from other varieties of rice in the absence (or insignificant amount) 

of amylose and a large amount of amylopectin. Amylopectin is responsible for 

the sticky quality of glutinous rice [28]. Waxy rice does not contain dietary glu-

ten (i.e., it does not contain glutenin or gliadin), so it can be used in gluten-free 

diets [26]. This rice is safe for people with gluten sensitivity [31]. 

Waxy rice is considered a high-quality product with a sticky consistency 

[23]. Due to its unique functional characteristics, waxy rice is widely used in 

processed foods, drugs, and cosmetics [14, 16]. Many traditional Asian desserts 

are made from it. Despite the general characteristic of low amylose content, va-

rieties of such rice differ in taste. Study of M.-Y. Kang et al. (2010) of these 

qualities in eight popular Korean glutinous rice varieties revealed their differ-

ences in the physical and chemical properties of the groats, such as digestibility, 

pasting characteristics, mineral and sugar contents, and amino acid and fatty ac-

id compositions [22]. 

Glutinous rice is grown over large areas in almost all Asian countries. For 

example, about 85% of the rice produced in Laos is of this type. In China [33], 

white non-transparent cereal is obtained from such rice (Fig. 1). 

For conservation in the International Rice Genebank (IRGC) 6,530 gluti-

nous rice varieties had been selected in glutinous rice-growing countries by 

2013 [30]. In most Asian countries many glutinous rice varieties are ancient; 

their selection is inextricably linked with the development of the traditional cul-

ture of the people of these countries and national cuisine. Their cultivation is 

confined to local conditions in certain ethnic areas [24]. More modern rice varie-
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ties with low amylose content are usually created using traditional breeding 

methods. 

 
 

Figure 1 – Regular (amylose) and glutinous (sticky, waxy) rice grains 
 

Genetic studies by foreign researchers have shown that amylose content is 

controlled by one main gene, Wx, located on chromosome 6 [14]. In this case, 

the high content of amylose dominates over its low and intermediate content 

[23]. According to P. He et al. (1999) the inheritance of grain quality in cereal 

crops is more complex than other agronomic traits due to epistasis, maternal and 

cytoplasmic effects and the triploid nature of the endosperm [19]. 

The complex nature of the inheritance of amylose content is confirmed by 

other studies [28, 29]. V. A. Dzyuba et al. (2015) believe that the structure of the 

endosperm of the rice grain depends on the concentration and number of domi-

nant and recessive alleles. The triplex of dominant genes WxWxWx forms a 

glassy endosperm. The presence of at least one recessive allele wx changes the 

structure of the endosperm towards glutinous-dull. The triplex of recessive al-

leles wxwxwx forms a glutinous-dull endosperm. Breeders should take this ge-

netic feature into account when creating new glutinous rice varieties [1]. 

Currently, for the selection of glutinous rice varieties, scientists often use 

the mutagenesis method, including using the CRISPR/Cas9 system. The devel-
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opment of this gene editing system allows rice breeders to control the expression 

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

The study of molecular methods for controlling the trait “amylose con-

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

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

of amylose [2]. 

Improving the nutritional properties of rice groats and increasing its nutri-

tional value is one of the main tasks underlying breeding programs. Numerous 

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

in various countries, have shown that there are significant differences between 

the starch of these rice varieties (Table 1). 

Table 1 – Difference between regular and waxy rice starch 

Components 
Regular  

(non-waxy) rice 
starch 

Waxy rice starch Comment 

Main compo-
nents 

15-20 % amylose and 
80-85 % amylopectin 

[27] 

Low (0-2%) or almost 
no amylose; high am-
ylopectin content [17] 

– 

Lipids 0,9-1.3% lipids, con-
sisting of 29-45% 

fatty acids and 48% 
phospholipids [36] 

Minor content [35] 

– 

Endosperm 
transparency 

Transparent [27] Whitish and opaque 
[35] 

– 

Starch swelling Low High Starch swelling is a property of 
amylopectin, while amylose 
slows down swelling [32] 

Gelatinization 
temperature 

High [36] Low [36] – 

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

Crystallinity 
values 

Lower Higher Amylose content negatively 
correlates with relative crystal-

linity [34] 
Syneresis 
(spontaneous 
decrease in vol-
ume with separa-
tion of fluid) 

Low strength High strength Waxy rice starch gel is more 
resistant to syneresis after a free 

thawing cycle due to the for-
mation of fewer intermolecular 

associations [13] 
Freeze/Thaw 
Stability 

Low High – 

 



Научный журнал КубГАУ, №196(02), 2024 год 

 

http://ej.kubagro.ru/2024/02/pdf/16.pdf  

6 

In the Russian Federation, sticky rice is called glutinous, 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 varieties at the Federal Research Center for 

Rice has been carried out since the 1990s using traditional methods. As a result, 

short-grain varieties Viola, Violetta and long-grain Vita were created [3, 6, 7, 

11]. Plants of these varieties have a well-defined marker trait – purple coloration 

of flower scales (Fig. 2). 

  

 
 

Figure 2 – Glutinous rice varieties: Viola, Violetta, Vita 
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This makes it easy to distinguish their crops from other cultivated varie-

ties of rice and maintain varietal purity. In the conditions of rice seeding, which 

is used in the Russian Federation, maintaining varieties in purity is possible only 

if there are distinctive morphological characteristics of the plants, clearly visible 

during the period of varietal weeding. 

The State Standard of the Russian Federation significantly limits the pres-

ence of glutinous rice in the commercial grain of cultivated varieties. Rice grain 

is divided into four classes depending on quality. In this case, the content of glu-

tinous grains in harvested rice should be no more than: for highest class - 0.3%, 

first - 0.5%, second and third - 1.0% [10]. The presence of marker traits in Rus-

sian glutinous varieties makes it possible to strictly control their inclusion in 

commercial rice crops. 

When studying the fatty acid composition of grains of the glutinous varie-

ties Viola and Violetta, their differences from conventional varieties were re-

vealed [4]. Rice oil is of greatest interest in terms of the content of oleic and lin-

oleic acids, which are found in almost equal concentrations (Table 2). 

Table 2 – Characteristics of rice varieties by fatty acid 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 exceeds the standard Liman 
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variety in oleic acid content by 6.2%. The presence of linolenic acid in the range 

of 1.0-1.3% increases the biological value of this oil. The content of palmitic ac-

id in the range of 15.0-15.8% is significantly different from many vegetable oils. 

This indicates the high nutritional value of groats of Viola and Violetta varieties 

[4]. 

Russian glutinous varieties Viola and Violetta have been widely tested in 

production and by nutritionists. Since 2011, at the rice processing plant of the 

Agro-Alliance company, the production of groats of these varieties has been es-

tablished, it was supplied to stores under the brand “YunNat: rice for children 

and their parents” in boxes weighing 700 g [5] . The YunNat brand offered cere-

als intended for baby food, as well as for anyone who prefers dietary products. 

YunNat rice has a unique carbohydrate composition. Unlike traditional domestic 

varieties of rice, its starch consists entirely of easily digestible amylopectin. Due 

to its molecular structure, this valuable source of nutrition interacts freely with 

digestive enzymes, is more completely broken down and is easily absorbed even 

by a child. At the same time, the flow of energy into the body is characterized by 

a uniform and long-lasting effect. YunNat rice was produced in strict accordance 

with international standards for baby food. It belongs to hypoallergenic (gluten-

free) products. It was recommended for children from 3 years of age, especially 

those actively involved in sports. Unfortunately, in 2020, the Agro-Alliance 

stopped growing these varieties and the production of glutinous rice. 

The main problem in the breeding of glutinous rice in Russia is the limited 

source material with the genes of the target trait. Thus, among 250 collection 

samples studied in 2012-2015, only one variety, Kuro-mochi from Japan, did not 

contain amylose in the grain and belonged to glutinous varieties [9]. However, 

the Kuro-mochi variety does not have pronounced distinctive morphological 

characteristics from ordinary rice varieties, such as the Philippine glutinous 

sample Qu jung Do (IRRI-06537), which has purple flower scales and high re-

sistance to blast disease. That is why Qu jung Do was used for hybridization 
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with Slavyanets variety as a gluten content donor, despite its late ripening, tall-

ness and poor resistance to lodging. This made it possible to select plants with a 

violet panicle and a very low amylose content in the hybrid offspring. As a re-

sult, well adapted to local conditions Violetta variety was created [5]. It was 

then used in further breeding work. Based on Violetta, new glutinous varieties 

Yuzhnaya Noch, Vita and Lekar were bred, which in appearance are easily dis-

tinguishable from cultivated amylose rice varieties (Fig. 3). 

 

L-5-80 (Slavyanets) / Qu jung Do  
 
                           Violetta 
                                 
                                        / РК-04620 // Rubin /// РК-04629 / НВ-1 
   Individual  selection            
        Lekar                                               Yuzhnaya Noch 
                                        / Metelitsa 
 
                                     Vita 
 
Figure 3 – Genealogy of Russian glutinous rice varieties 

 

The glutinous (sticky) rice variety Lekar was submitted for state testing in 

2022 [8]. Its plants have a purple coloration of the flowering scales of the grain 

and short awns, as a marker feature to distinguish it from ordinary non-glutinous 

rice, and a white waxy grain, characteristic of other glutinous varieties (Fig. 4). 

The groats are white, waxy. It is recommended for use in confectionery 

production, for preparation of milk porridges, stuffed vegetables, dietary dishes, 

as well as the production of flour for baby and medical nutrition products. 

Plants of the variety Lekar are highly resistant to blast disease and there-

fore do not require the use of fungicides. The variety is not shedding, but it 

threshes easily. The variety is suitable for mechanized harvesting. 
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Figure 4 – Glutinous rice variety Lekar: plants, grains and groats 
 

The average yield in the competitive test over three years was 8.38 t/ha, 

which was at the level of the standard variety Rapan-2. 
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For the widespread use of groats of this variety as a medicinal and dietary 

product, it is necessary to conduct a test in a medical institution under the super-

vision of experienced doctors, accompanied by laboratory tests. 

The Federal Research Center for Rice has begun propagating the variety 

Lekar to provide seeds for applications for its testing. In 2023, Niris LLC con-

ducted production testing of the variety in field conditions and a preliminary as-

sessment of grain quality. 

 

Conclusions. 

1. Sticky or glutinous rice is cultivated in most Asian countries, where it is 

widely used in national cuisine. 

2. The high nutritional value of glutinous rice is ensured by its low amyl-

ose content (less than 5%), the absence of gluten and the high concentration of 

oleic and linoleic acids. Therefore, this rice is often used as a dietary and medic-

inal product. 

3. The waxiness of grain in glutinous rice varieties is controlled by a tri-

plex of recessive genes wxwxwx. 

3. In the Russian Federation from 1994 to 2014 glutinous rice varieties 

have been created: short-grain varieties Viola and Violetta, long-grain Vita. In 

2022, a new variety Lekar was submitted for State Testing, the groats of the va-

riety being recommended for the preparation of dietary food, as well as baby and 

medical nutrition products. 

 

REFERENCES 

1. Dzyuba, V.A. Manifestation of Waxy endosperm genes in grains of rice varieties 
and hybrids / V.A. Dzyuba, L.V. Esaulova, I.N. Chukhir // Grain farming in Russia. – 2015. – 
No. 1. – P. 3-12. 

2. Epifanovich, Yu. V. Genetic control of amylose content in rice grains and prospects 
for the use of marker-mediated selection. Review / Yu. V. Epifanovich, I.I. Suprun // Rice 
growing. – 2017. – No. 3 (36). – P. 48-52. 

3. Zelensky, G.L. Glutinous rice variety Viola for the production of baby and medical 
nutrition / G.L. Zelensky // Rice growing. – 2004. – No. 4. – P. 46-49. 



Научный журнал КубГАУ, №196(02), 2024 год 

 

http://ej.kubagro.ru/2024/02/pdf/16.pdf  

12

4. Zelensky, G.L. Exclusive varieties in the selection of the All-Russian Research In-
stitute of Rice / G.L. Zelensky, N.G. Tumanyan, T.N. Lotochnikova, S.V. Lotochnikov, S.G. 
Efimenko // Rice growing. –2007. – No. 11. – P. 20-23. 

5. Zelensky, G.L. Russian varieties of rice for baby and therapeutic nutrition / G.L. 
Zelensky, O.V. Zelenskaya // Scientific journal of KubSAU [Electronic resource]. – Krasno-
dar: KubGAU, 2011. – No. 08 (072). – P. 1-27. http://ej.kubagro.ru/2011/08/pdf/01.pdf 

6. Zelensky, G.L. New long-grain rice variety Vita for baby and therapeutic nutrition / 
G.L. Zelensky, A.G. Zelensky, V.V. Stukalova, N.A. Storozhenko // Agro-supply forum. – 
Krasnodar, 2013. – No. 7 (113). – P. 19-21. 

7. Zelensky, G.L., Rice varieties created for the production of medicinal and baby food 
products / G.L. Zelensky, A.G. Zelensky, T.A. Romashchenko, V.V. Stukalova, A.S. 
Samoilova // Food industry. – 2015. – No. 4 (26). – P. 14-17. 

8. Zelensky, G.L. On the issue of medicinal and dietary properties of glutinous rice 
(review) / G.L. Zelensky, O.V. Zelenskaya, E.V. Podrez // Rice growing. – 2023. – No. 1 
(58). – P. 70-76. 

9. Korotenko, T.L. Biological features and grain quality of rice varieties of domestic 
and foreign selection in the environmental conditions of Kuban / T.L. Korotenko, N.G. Tu-
manyan, A.A. Petrukhnenko // Rice growing. – 2016. – No. 1-2 (30-31). – P. 23-34. 

10. Fig: Technical specifications / National standard of the Russian Federation: GOST 
55289–2012. M.: Standartinform, 2018. – P. 4 

11. Varieties of rice. Varieties and hybrids of vegetable and melon crops: catalog / 
Federal State Budgetary Institution "All-Russian Research Institute of Rice"; Comp. S.V. 
Garkusha [and others]. – Krasnodar: [IP Profatilov]. – 2018. – 60 p. 

12. Tumanyan, N.G. Culinary characteristics and nutritional advantages of rice varie-
ties selected by the Federal Research Center for Rice / N.G. Tumanyan, S.S. Chizhikova, 
K.K. Alder // Rice growing. – 2020. – No. 2 (47). – P. 29-36. 

13. Bao, J. The functionality of rice starch. In Eliasson, A.C. (Ed.). Starch in food: 
Structure, function and applications / J. Bao, C. J. Bergman // New York, USA: CRC Press, 
2004. – 102 p. 

14. Bao, J. Genetic diversity in the physicochemical properties of waxy rice (Oryza sa-
tiva L.) starch / J. Bao, H. Corke, M. Sun // J. Sci. Food Agric. – 2004. – 84. – P. 1299-1306. 

15. Bergman, C. Rice end-use quality analysis. In Champagne E. (ed.) / C. Bergman, 
K. Bhattcharya, K. Ohtsubo // Rice Chemistry and Technology. AACC: St Paul. – 2004. – P. 
415-472. 

16. Chun, A.R. Variation in quality and preference of sogokju (Korean traditional rice 
wine) from waxy rice varieties / A.R. Chun, D.J. Kim,  M.R. Yoon, S.K. Oh,  S.C. Ju // Kore-
an J. Cropence. – 2010. – 55. – P.177-186. 

17. Chung, H. Relationship between the structure, physicochemical properties and in 
vitro digestibility of rice starches with different amylose contents / H. Chung,  Q. Liu,  L. Lee,  
D. Wei // Food Hydrocolloids. – 2011. – 25 (5). – P. 968-975. 
DOI:10.1016/j.foodhyd.2010.09.011 

18. Fu, Y. Assessment of the Characteristics of Waxy Rice Mutants Generated by 
CRISPR/Cas9 / Y. Fu, T. Luo, Y. Hua, X. Yan, X. Liu, Y. Liu, Y. Liu, B. Zhang, R. Liu, Z. 
Zhu, J. Zhu // Front. Plant Sci. – 2022. – 13:881964. DOI:10.3389/fpls.2022.881964 

19. He, P. Genetic analysis of rice grain quality. / P. He, S.G. Li, Q. Qian, Y.Q. Ma, 
J.Z. Li, W.M. Wang, et al. // Theoretical and Applied Genetics. – 1999. – 98 (3-4). – P. 502-
508. 

20. Juliano, B.O. Varietal impact on rice quality / B.O. Juliano // Cereal Foods World. 
– 1998. – 43. – P. 207–211, 214–216, 218–222. DOI:10.1007/s11306-020-01670-6 



Научный журнал КубГАУ, №196(02), 2024 год 

 

http://ej.kubagro.ru/2024/02/pdf/16.pdf  

13

21. Juliano, B.O. Nutritive value of rice and rice diets / B.O.  Juliano // Rice Chemistry 
and Quality: Philippine Rice Research Institute, Manila. – 2003. – P. 169-175.  

22. Kang, M.-Y. Physicochemical Properties of Eight Popular Glutinous Rice Varie-
ties in Korea / M.-Y. Kang, C. Rico, S.-C. Lee // Plant Production Science. – 2010. – 13 (2). – 
P. 177-184. DOI:10.1626/pps.13.177 

23. Kumar, I. Inheritance of amylose content in rice (Oryza sativa L.). / I. Kumar, G.S. 
Khush // Euphytica. – 1988. – 38 (3). – P. 261–269. 

24. Lei, Q. Changes in the numbers of Kam fragrant glutinous rice varieties in the 
Dong regions of Guizhou Province / Q. Lei, J. Zhou, J. Luo, W. Zhang, J. Sun, C. Long // Bi-
odiversity Science. – 2017.– 25 (9). – P. 990-998. DOI: 10.17520/biods.2017119 (in Chi-
nese,  English  summary) 

25. Nawaz, M.A. Effect of starch modification in the whole white rice grains on physi-
cochemical properties of two contrasting rice varieties, /  M.A. Nawaz, S. Fukai, S. Prakash, 
B.R. Bhandary // Journal of Cereal Science. – 2018. – Vol. 80. – P. 143-149. 
DOI:10.1016/j.jcs.2018.02.007.  

26. Nguyễn, Xuân Hiʾên. Glutinous-rice-eating tradition in Vietnam and Elsewhere. 
Bangkok: White Lotus Press. – 2001. – 13 p. ISBN 9789747534238. 

27. Park, H.Y. Method of producing not-hardened waxy rice cake and waxy rice cake 
produced by using the same / H.Y. Park, G.J. Han, S.H. Yeo, H.S. Choi,  S.Y. Baek, D.S. 
Shin // South Korea Patent No. KR101288505B1. – 2011. – 2 p. 

28. Pooni, H.S. Genetical control of amylose content in a diallel set of rice crosses / 
H.S. Pooni, I. Kumar, G.S. Khush // Heredity. – 1993. – 71 (6). – P. 603-613. 

29. Rini, Y.R. The effects of various way of processing black glutinous rice (Oryza sa-
tiva L. Processing var Glutinosa) on digestibility and energy value of the products / Y.R. Rini, 
T. Anggraini, N. Chania // IOP Conference Series: Earth and Environmental Science. – 2019. 
– 327, 012013. DOI:10.1088/1755-1315/327/1/012013 

30. Sattaka, P. Geographical distribution of glutinous rice in the Greater Mekong Sub-
region / P. Sattaka // Journal of Mekong Societies. – 2016. – 12 (3). – P. 27-48. 
DOI:10.14456/jms.2016.23  

31. Sejal Dave, R.D. Four rice options for a healthy diabetes diet. – 2022. –  
https://www.healthcastle.com/four-rice-options-for-a-healthy-diabetes-diet 

32. Vamadevan, V. Observations on the impact of amylopectin and amylose structure 
on the swelling of starch granules /   V. Vamadevan, E. Bertoft // Food Hydrocolloids. – 2020. 
– 103. – 105663. DOI:10.1016/j.foodhyd.2020.105663 

33. Wang, Y. Pasting properties of various Waxy rice flours: Effect of α-Amylase ac-
tivity, protein, and amylopectin / Y. Wang, K. Sun, W. Zhu, W. Ding, Q. Lyu, L. Chen, G. 
Wang, K. Zhuang, X. Chen // Preprints. – 2021. – 2021110093. 
DOI:10.20944/preprints202111.0093.v1. 

34. Wani, A. Rice starch diversity: Effects on structural, morphological, thermal, and 
physicochemical properties. A. Review. Comprehensive reviews / A. Wani, P. Singh, M. 
Shah, U. Schweiggert-Weisz, K. Gul, I. Wani // Food Science and Food Safety. – 2012. – 11 
(5). – P. 417-436. DOI:10.1111/j.1541-4337.2012.00193.x 

35. Yang, L. Preparation and physicochemical properties of three types of modified 
glutinous rice starches / L. Yang, Y. Zhou, Y. Wu,  X. Meng, Y. Jiang,  H. Zhang, H. Wang // 
Carbohydrate Polymers. – 2016. – 137. – P. 305-313. DOI:10.1016/j.carbpol.2015.10.065 

36. Zavareze, E. Effect of heat-moisture treatment on rice starch of varying amylose 
content. / E. Zavareze, C. Storck, L. de Castro, M. Schirmer, A. Dias // Food Chemistry. – 
2010. – 121 (2). – P. 358-365. DOI:10.1016/j.foodchem.2009.12.036 


