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This article provides a comparative assessment of the chemical composition, the content of vitamins, minerals
and amino acid composition of ordinary and fermented mung bean seeds, Vigna radiata. The seeds of Vigna radiata
of the domestic selection ""Zhasyl Dan'" are the object of research. In order to increase the biological values of Vigna
radiata seeds and improve their biochemical composition, a fermentation process was carried out. The effect of the
fermentation process on the biochemical and amino acid composition of Vigna radiata seeds was studied. The
fermentation process of mung bean seeds occurs due to the activation of a number of biochemical compounds and
enzymes contained in the seed itself. The main substances that participate in and influence fermentation are amylases,
proteases, lipases, gibberellins and other phytohormones such as auxins and cytokinins, polyphenols and antioxidants.
Fermentation of Vigna radiata seeds was carried out at room temperature 20° C for 72 hours. The seeds were placed
in a plastic container, then covered with drinking water also at room temperature. The water level was monitored every
12 hours. The research was carried out in the accredited testing laboratory "Regional Testing Laboratory of
Engineering profile "Structural and Biochemical Materials' on the basis of M. Auezov South Kazakhstan University,
Shymkent. As a result of the study, it was found that fermentation of Vigna radiata seeds leads to an improvement in
Dhysico-chemical properties. This is due to the strengthening of the amino acid composition of the Vigna radiata seed,
especially the effect of fermentation has a positive effect on essential amino acids. It was found that as a result of
fermentation, the level of essential amino acids increased in the following order: valine — by 25.4%, leucine — by 32.8%,
phenylalanine — by 27.7%, threonine — by 44.9%. There was also a decrease in the indicators of anti-nutritional
substances - in particular, there was a decrease in the amount of oligosaccharides. Due to the activation of the enzyme
systems of the seed itself, their nutritional and biological value increases.
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MN3YYEHUE BJIUSHUSA [TPOUECCA ®EPMEHTAIINU HA
BUOXUMHNYECKUE XAPAKTEPUCTUKU VIGNA RADIATA.

A.A. MAKEHOBA™ C.J]. MYCAEBA

(FO:xno-Ka3zaxcranckuii Yuusepcuret um. M. Ay330Ba,
Pecnybsiuka Kazaxcran 1600018, r. lIbimkenT, np-T Tayke Xana, 5)
DJeKTpOHHas 1I0YTa aBTopa-KoppecnonaenTa: aliyamakenova02@gmail.com*

B smoit cmamve npedcmagnena cpasHumMenbHAA OYEHKA XUMUUECKOZ0 COCABd, COOEPHCAHUe GUMAMUHOE,
MUHEPATILHBIX 8EU{ECIE U AMUHOKUCIOMHO20 COCMABA CeMAH 00bIUH020 U (epmenmuposannozo 60606 Vigna
radiata. B kauecmee 00vexma uccied06anus eblcmynaom cemena 60606 mynz omeuecmeennoii cenexyuu «Kacoin
Mony. C uenvlo nogviuwienus Ouonocuueckux noxaszamenei yennocmu cemsan Vigna radiata u ynyuwenus ux
Ouoxumuueckozo cocmasa nposoounu npoyecc pepmenmayuu. Boino uzyueno eausnue npoyecca pepmenmayuu na
OuoxXumuuecKkull U AaAMUHOKUCTOMHbBLL cocmae ceman Vigna radiata. Ocnosnvimu eewjecmeamu, Komopwle
yuacmeylom u 1uAlom Ha epmenmayuio, AGNAIOMCA AMULA3ZbL, NPOMeEA3bl, TUNA3bl, 2UOOEPeNIunbl U Opyzue
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dumozopmonsl, maxkue KaK ayKcuHvl U YUMOKUHUHGL, NOAugenonsvl u anmuoxcuoanmol. Depmenmayus cemau
Vigna radiata npoeoounace npu xomnamnoii memnepamype 20°C ¢ meuenue 72 uacos. Cemena 0vliu nomeuienst 6
naacmMuKogyl0 mapy, oanee ux HOKpbleaniu RUMbvegoll 6000i maKice KOMHaAmMnou memnepamypst. Konmpons yposns
60061 npouseoounca xaxycovie 12 uacoe. Hccnedosanua o0viiu npogedenvl ¢ aKKpeoumoGanHol UCRbIMAMmMenbHol
nabopamopuu «Pecuonanvnaa ucnvimamensvnas nadopamopus umdyiceHepro2o npoguna «Koncmpyxkyuonnsie u
ouoxumuueckue mamepuanvty na d6aze FOxcno-Kazaxcmanckozo Yuugepcumema um M. Ayzoea, 2. Illvimkenm. B
pe3yibmame uccied06anus Ovlio 6blACHEHO, Umo (epuenmayun ceman Vigna radiata npueooum K noGvluieHUI0 UX
0UON02UYeCKO UEHHOCIU 3G CUuem YIyYuienus cOanancupo8anHoCmu 00u|e20 cocmasa AMuHOKUCI0M, 4 MaKice
POCIY GaMNCHENMWMUX NUU{EEHIX KOMNOHEHNO6 0714 MEXHON02UU NULe8bIX NPOOYKMOE 1 numanus uenogexa. Tax,
Ouonozuueckas yennocms ceman Vigna radiata 0o pepmenmayuu cocmaenana 60 %, a nocne pepmenmavyuu — 51 %.
Takoice 6b110 3ahuKCUpPoBano CHuIICEHUE KOMUYECEA AHMUNUMAMEIbHBIX GEU{eCNE — NPOU3OULI0 YMEHbULEHUE
MAcco6oil 00U 0AU20caxapuoos. 3a cuem AKMUGAUUU (EPMEHMHBIX CUCIEM CAMOZ0 CEMEHU HOGLIUIACINCA UX
Ruwiean u GUOIO0ZUYNECKAs UEHHOCHTD.

KuioueBsie cioBa: Vigna radiata, aMMHOKHCJI0THI, epMeHTANUSA, GYHKIHOHATbHbIE MPOAYKTHI
NUTAHMSA.

GOEPMEHTALIMS TPOLUECIHIH VIGNA RADIATA TYKBIM/IAPBIH
BUOXUMMUAJIBIK CUTIATTAMAJIAPBIHA OCEPIH 3EPTTEY.
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byn makanada kaodimei dcone pepmenmmenzen Vigna radiata myKbiMOapuIHbIH XUMUATIBIK Kypambl,
0apymenoep, MUHEPANOap Hcane amMuHKbIMKbLIO0APbIHbIY KEPAMbl, CATbICIMbIpMAbl mypoe dazananadsl. 3epmmey
oovexkmici peminde omanowlk "Kacwin [on" cenexyuacvinviy Vigna radiata myxeimoaput 60o1vtn maodsinaowt. Vigna
radiata myKpIMbIHBLY OUOOZUANBIK, KYHOBUIbIZbIH APMIMBIPY HCIHE 01aPObIH, OUOXUMUATIBIK KEPAMbBIH JHCAKCAPHLY
Mmaxcamoinoa hepmenmayus npoueci sncypeizinoi. Depmenmayua npoveciniyy Vigna radiata myKpimoapviHoiH
OUOXUMUATIBIK HCIHE AMUHKBIUKBLIObBIK KYPaMblHa acepi 3epmmenoi. Auiblmyza KamvlCAmMylH JHcIHe ICep ememiH
Hezi32i 3ammap - amunazanap, npomeasanap, 1URA3ANAp, 2UdOepenIUndep IHcaHe aAyKCUHOEP MeH YUMOKUHUHOED,
nonugenonoap rxcone AHMUOKCUOGHMMApP CUAKMbL dacka pumozopmonoap. Vigna radiata mykvimoln ghepuenmayusn
npoueci 6oame memnepamypacwvinoa 20° C 72 cazam iminde neypzizinoi. TyKpimoap niacmukaivl Konmeiinepnepze
OPHANLACMBIPBLIObL, COOAH KeliH 0oime memnepamypacvinoa ayvlz cymet xyeaovinovt. Cy deHzeiiin oaxwinay ap 12
cazam caitvin Jcypeizindi. 3epmmeynep Illvimkenm kanacel, M. Oye306 amwvinoazwr Onwmycmix Kazaxcman
YHUgepcumeminiy 6azacvinoa "KypoliabiMObIK HeoHe OUOXUMUATBIK Mamepuanoap "unsicenepiik oeitindei Ouipnix
COIHAK 3epmXxXanacwvlnoa’ akkpeoummenzen ColHAK, 3ePMXAHACLIHOA MHCYPRi3inoi. 3epmmey Hamudcecinoe Vigna
radiata myKvimoln hepmenmayus npoyeci puuKa-xumuAIbIK KACUEmmeEPinin HeaKcapyblHa IKeJ1emini aHblKmaiobsl.
byn Vigna radiata myKbimulnvly amMulKbIUMKbLIOGPLIHBIY KYPAMbBIHBIY JHCOAPLIIAYbIHG Oaillanvicmel, acipece
auitmyovly acepi ManbI30bl AMUHKLIMKBLIOAPBIHAG OH dcep emedi. Depmenmayus nPOUecin HamuIHcecinoe Manbl30bl
AMUHKBLUKBLIOAPLIHBIY, OeH2elll Keneci pemnen Hco2apuliazanvl aHblKkmanowvl: éanun — 25,4%, neayun — 32,8 %,
denunananun — 27,7 %, mpeonun-44,9 %. Conoaii-ax, Kopekmix 3ammapaa Kapcvl 3ammapovly moMeHOe2eHi
AHBIKMAN0bl-AMAn QUMKAHOA, 0U20CAXapuomep CAHbIHLIH MmomeHnoeyi Oaiukanovl. TyKbimuvly epmenmmik
Jucyiienepin 6encenoipy apKbiibl 01apOblH, MA2AMObIK HCIHE OUOTIO0ZUATBIK, KYHOBLIbIZBL ApmMAobl.

Heri3sri ce3nep: Vigna radiata, aMuHKBIIKBLIAAPHI, GepMeHTAIUSA, PYHKIMOHAABI TAFaMaap.

Indroduction circumstances have also been accompanied by a

The global COVID-19 pandemic has decrease in physical activity and a general change
revealed the following nutritional problem for in the rhythm of life. As a result of these reasons,
society: the increased consumption of ultra- there has been an urgent need to change the
processed products. Ultra-processed products are society's diet towards its functionality and
those that are developed using artificial food usefulness.
additives — flavors, emulsifiers, thickeners and Given the state of the environment,
other artificial food ingredients. This has led to a increasing environmental risks, poor nutrition
phenomenon in nutrition that results in the so- should be considered as a factor directly affecting
called "hidden hunger" - a condition characterized the health of the body. This can include such
by a deficiency of vitamins and minerals [1]. These elements as decreased immunity and the

56


mailto:aliyamakenova02@gmail.com

AJIMaTBI TEXHOJIOTHSIBIK YHUBepCHTeTiHIH Xadapmbicsl. 2024, Ned,

occurrence of various diseases associated with
human nutrition [2]. In accordance with the UN
Sustainable Development Program, in which the
Republic of Kazakhstan also actively participates,
one of the goals is to eliminate hunger This is
consistent with the state policy in the field of food
production [3].

The main task of the government of
Kazakhstan is to correctly formulate a healthy
nutrition culture for the population of the republic.
This task includes providing the body with the
necessary food components - microelements,
macroelements, vitamins, dietary fiber, probiotics
and enzymes. The key direction in the field of
development of the food industry is the
development of modern technologies for the
production of functional food products, since such
products help to provide rational nutrients and
prevent the risks of disease development [4].

In the production of functional foods, the
origin of the raw material source, its composition
and useful properties are of great importance. In
southern Kazakhstan, mung beans (Vigna radiata)
are widely used in the diet.

Vigna radiata (other names - mung beans,
Asian golden beans is an annual plant; a species of
the genus Vigna of the legume family (legumes).
Vigna radiata is widespread among Asian
countries such as India, Vietnam, Pakistan, China,
Indonesia, Uzbekistan and Tajikistan. Since Vigna
radiata has a high caloric value and relatively low
production costs, it occupies a significant place in
the diet of these countries. In Kazakhstan, Vigna
radiata is consumed mainly in the southern regions
of the country [5].

When creating functional food products, the
safety indicators of raw material sources are
subject to in-depth analysis. As a result, certain
limitations arise in the use of chemical methods of
fermentation of Vigna radiata seeds. The negative
aspects of chemical methods of fermentation of
mung bean seeds include the relative high cost of
enzymes available on the market, since such
methods will entail the need to eliminate excess
chemicals that can negatively affect the body and
human health. Also, some methods of chemical
fermentation may require technological re-
equipment of the entire process. This may cause
additional costs and have a negative impact on
economic feasibility as a whole [6].

The relevance of the topic is justified by the
absence in Kazakhstan of a functional product
based on fermented mung bean seeds, which have
high biological value due to the vitamins, minerals
and amino acids they contain.

Materials and research methods.
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The object of the study is the seeds of Vigna
radiata of the domestic selection "Zhasyl Dan".
The studies were conducted from October 2023 to
March 2024 in the department of testing
laboratories "Testing regional laboratory of the
engineering profile "Structural and biochemical
materials" of the Auezov South Agricultural
University. Microelements and macroelements of
Vigna radiata seeds were determined as a result of
X-ray fluorescence energy dispersive
microanalysis. The biochemical composition of
Vigna radiata was determined using a Varian Pro
Star high-performance liquid chromatograph. The
content of the main food components, vitamins,
minerals, as well as the amino acid composition
were established according to GOST methods and
scientific research in this area. Biochemical
parameters of Vigna radiata were determined
according to GOST971731 [7].

Recent studies have shown that the safest and
most cost-effective method of fermenting mung bean
seeds is fermentation based on the use of the plant's
own enzyme system, without the use of additional
chemicals. The plant's enzyme system is activated by
germinating the seeds in ordinary water.

As a result of the germination process,
enzymes that were initially in an inactive state
become activated upon receiving sufficient
moisture. This moisture provides the necessary
conditions for enzyme activation, which in turn
stimulates the metabolism of nutrients within the
mung bean seed. The enzymatic activation
accelerates various biochemical processes, leading
to significant reorganization of key enzymes,
particularly those involved in amylolytic and
proteolytic pathways. Simultaneously, this process
triggers a shift in the composition of compounds
within the seed: the concentration of insoluble
compounds decreases, while the level of soluble
compounds increases. This transformation
enhances the overall nutritional profile of the mung
bean by making its nutrients more readily available
and digestible. [8].

For this study, the X-ray fluorescence
analysis (XFA) method was used. This method is
one of the modern methods of spectroscopic
analysis and allows obtaining accurate data on the
elemental composition of a substance. As a result
of using XFA, the mineral composition of mung
bean seeds was determined [9].

Results and discussion

As a result of the fermentation process of
mung bean seeds, the level of proteolytic enzymes
increased more than twofold. However, in the
subsequent 60 hours of the fermentation process,
the mung bean proteinase level gradually
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decreased as a result of the increase in the acidity
of the medium [10].

During mung bean seed germination,
significant biochemical transformations occur,
enhancing the biological activity and nutritional
value of the sprouts. Mung bean seeds and sprouts
are rich in bioactive compounds with various
health-promoting properties, including
antioxidant,  antidiabetic,  anti-inflammatory,
antimicrobial, antiviral, antianemic, and antitumor
effects. They also exhibit antihyperlipidemic,
antihypertensive, and antimutagenic activities,
making mung bean sprouts a valuable ingredient in
functional and preventive diets. [11].

The germination process triggers notable
changes in the composition and concentration of
key organic compounds such as proteins, lipids,
and carbohydrates. Proteolysis of seed proteins
generates new biologically active peptides. For
instance, the storage protein vicilin, which is
known to cause allergic reactions in some

individuals, loses over 70%  of its
immunoreactivity during germination,
significantly reducing the risk of allergic
responses.

Additionally, there is a marked reduction in
anti-nutritional factors such as phytic acid,
hemagglutinins, protease inhibitors, and tannins.
For example, the reduction in phytate levels can
range from 15-76%, which enhances the
bioavailability of essential minerals like zinc, iron,
and calcium. Furthermore, the levels of minerals
such as sodium, potassium, phosphorus,
magnesium, and manganese are observed to
increase during sprouting [12].

Moreover, the content of oligosaccharides,
including raffinose and stachyose, which are known
to cause digestive discomfort such as flatulence,
decreases significantly during germination. As a
result, sprouted mung beans offer improved
nutritional quality and are better suited for broader
use in therapeutic and preventive nutrition.

Table 1. Amino acid composition of Vigna radiata seeds before and after fermentation (mg/100g product)

Amino acid Vigna radiata seeds | Germinated seeds of
before germination Vigna radiata
Replaceable:
aspartic acid 2096 2720
alanine 384 423
arginine 1118 1326
histidine 620 841
glycine 1072 1327
glutamic acid 3555 3712
proline 772 854
serine 987 989
Essential:
phenylalanine + 1019 1301
tyrosine
valine 636 798
isoleucine 992 1348
leucine 2112 2806
tryptophan 133 218
threonine 1274 1847

As can be seen from Table 1, germination of
Vigna radiata seeds leads to an increase in their

biological value by improving the balance of
the overall amino acid composition with an increase
in the share of the most important for food technology
and human nutrition Thus, the biological value of
mung bean seeds before fermentation was 60%, and
after fermentation - 51%. [13].

The organic acids identified in mung bean
sprouts play a crucial role in key metabolic energy
processes and contribute to the biosynthesis of
various metabolite groups, while also supporting
the digestive system. Succinic acid, a byproduct of
the Krebs cycle, serves as an endocrine stimulant,
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exhibits antioxidant properties, and plays a
significant role in mitigating mitochondrial
dysfunction, which is linked to the development of
several diseases such as atherosclerosis, diabetes,
and neurodegenerative disorders [14].

Lactic acid, another important component, is
essential for brain metabolism, particularly in
recovery from traumatic brain injuries. It also plays
a role in reducing lipolysis in adipose tissue,
enhancing calcium bioavailability, and
demonstrating anti-inflammatory effects. These
properties underscore the broad health benefits of
organic acids in maintaining metabolic balance and
supporting overall health.
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Table 2. Biochemical composition of Vigna radiata before and after germination

Name Contents, per 100 g of product
Vigna radiata Vigna radiata
seeds before seeds after
germination germination

Protein 23.18 27.82

Fats 1.3 0.8
Carbohydrates 52.9 40.2
Water 13.56 35.12
Ash 3.65 3.61
Vitamins, mg
Bl 0.49 0.76
B2 0.28 0.51
WITH - 0.05
RR 2.1 3.2
b-carotene 0.04 0.07
Minerals, mg
Magnesium 43.1 43.0
Sodium 52.89 55.98
Potassium 645.54 646.12
Calcium 81,12 81.15
Phosphorus 118.35 118.42
Iron 11.07 11.28

Macro- and microelements (calcium, iron,
zinc, etc.), vitamins and biologically active
compounds (hydroxycinnamic acids, flavonoids)
contained in mung beans also showed an increase.
Anti-nutrients — phytic acid, verbascose, trypsin
inhibitors, which prevent the bioavailability of
macro- and micronutrients, are eliminated by
fermentation.

The mass fraction of fats is reduced by 8%
due to oxidation and their breakdown into glycerol
and free fatty acids. The presence of vitamin C in
sprouted Vigna radiata seeds was noted, while
ascorbic acid was absent in unsprouted seeds. The
composition of minerals did not reveal significant
changes [15].

All the studied protein isolates from Vigna
radiata, in terms of their technological properties,
are not inferior to any other legume crop, except for
soybeans, which are mainly genetically modified.

Results and discussion

The study of mung bean fermentation has a
number of significant advantages that open up new
possibilities for improving the nutritional value and
functional properties of mung bean-based
products:

Increased bioavailability of nutrients: the
fermentation process reduces the content of anti-
nutrients, such as phytic acid, which binds minerals
(zinc, iron, calcium). This improves the absorption of
microelements, which is important for preventing
deficiency of these substances in the body.

Improved protein digestibility: Fermentation
promotes protein hydrolysis, resulting in the
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formation of peptides with improved digestibility
and potential biological activity. This is especially
important for increasing the nutritional value of
products and their use in diets that require high

protein digestibility.
Reduced allergen content: Some mung bean
proteins, such as wvicilin, lose their

immunoreactivity during the fermentation process,
reducing the risk of allergic reactions in susceptible
individuals. This makes mung bean-based products
safer to consume.

Reduced Oligosaccharide Content:
Oligosaccharides such as raffinose and stachyose,
which cause flatulence, are destroyed during the
fermentation process. This makes mung beans
more easily digestible and reduces the likelihood of
gastrointestinal problems.

Antioxidant and anti-inflammatory
properties: Fermentation increases antioxidant
activity, which helps protect the body's cells from
oxidative stress. It also increases anti-
inflammatory properties, which may be useful in
preventing chronic diseases.

Expanding the possibilities of application in
functional nutrition: Due to the improvement of
nutritional and functional properties, fermented
mung beans can be used in the composition of
products for the prevention and treatment of
various diseases (lowering cholesterol levels,
normalizing  blood  pressure, improving
gastrointestinal function) [16].

Thus, the study of mung bean fermentation
allows us to obtain products with improved
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properties, which opens up new possibilities for the
use of mung bean in functional and therapeutic and
prophylactic nutrition.

Vigna radiata is a very valuable vegetable
crop. It has high nutritional properties. An example
is the production of Vigna radiata in Uzbekistan.
Over the past ten years, the area under Vigna
radiata in this neighboring country has increased
from several hundred hectares to 140 thousand
hectares. Currently, Uzbekistan exports Vigna
radiata to China, Saudi Arabia, the Netherlands
and other countries at a price of up to 2 US dollars
per 1 kg. This is a very favorable price. At the same
time, farmers have the opportunity to cultivate
Vigna radiata as a second crop after winter wheat,
i.e. they get two harvests in one field season. Due
to this, a colossal economic effect is achieved.
Therefore, there is such a great interest in the Vigna
radiata crop from producers

State policy in the field of nutrition promotes
the formation of the value of ecology and food
hygiene, the creation of educational programs on
healthy nutrition for different categories and
groups of the population, which will improve the
quality of life of the population, increase life
expectancy, and improve the demographic
situation in the country. The introduction of
special, functional food products into the diet for
systematic use by certain groups of the population
has a beneficial effect on reducing the risk of
occurrence and development of diseases, including
those associated with professional activity,
maintains and improves health indicators [17].

Conclusion

Currently, research aimed at developing
food products with increased nutritional value is
relevant. The article presents the parameters of
Vigna radiata seeds before and after fermentation,
and the possibilities of its use in the production of
functional foods. The study found that fermented
Vigna radiata seeds have a balanced chemical and
amino acid composition in terms of nutritional
properties, which corresponds to modern
FAO/WHO recommendations, with the exception
of sulfur-containing acids. The functional
properties of Vigna radiata, i.e. protein solubility,
as well as thermal properties, are useful for the food
industry. Studies of the functionality of Vigna
radiata were conducted to develop technologies
for new product recipes. The fermentation process
made it possible to increase the beneficial
properties in the amino acid composition of Vigna
radiata, which makes it possible to use Vigna
radiata to create functional foods for various
population groups. Thus, Vigna radiata proteins
and their amino acids are very promising as sources
of raw materials for creating new food products.
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Active use of Vigna radiata in the production of
functional food products in our country will allow:

1. Enrich the diet by creating new
functional products.

2. Reduce the risk of occurrence and
development of diseases associated with vitamin
deficiency.

3. Make efficient use of local and
available raw materials.

4. Follow the food security program
and make a significant contribution.

5. To increase the export potential of
Kazakhstan.

6. Improve the health indicators of
the nation.

Currently, the only variety of domestic
selection approved for use (zoned) in the Republic
of Kazakhstan is "Zhasyl Dan" (the originator is the
Kazakh Research Institute of Potato and Vegetable
Growing). This variety is a variety of vegetable
Vigna radiata, at the same time this variety also
belongs to leguminous crops. The use of local raw
materials is a priority task in the creation and
production of food products.
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HU3YYEHHE COPTOBOI'O IIOMO.JIA MPOPOIIEHHON NMIIEHUAIIBI HA
JJABOPATOPHOU MEJIBHUIIE LAB MILL

N (7
 AK KYMAEBA 2 | 4.0. BEKBYCHHOBA* @

iD
E.H VPEAHYHK &

(Besiopycckuii rocy1apcTBeHHbIii YHHBEPCUTET MUIIEBBIX U XMMHYECKHX TEXHOJIOTHIA,
Benapycsn, 212027, r. MoruJes, np-t llImuara, 3
3anagno-Ka3zaxcraHckuii arpapHoO-TeXHHYeCKHil yHUBepcuTeT HMeHH JKaHrup xaHa,
Pecnyb6uauka Ka3zaxcran, 090009, r. Ypaasbck, yia. JKaurup xana, 51)
DrekTpoHHast oYTa aBTOpa-KoppecnonaenTa: aidana.bekbusinova@gmail.com*

B cmamuve npedcmasnensvt oannvie ucciedo6anus 6p1xo0a nPoOyKnoe npu cOpmosom nomoJjie RPOPOuIeHHO20
U HAMUEHO20 3epHa nuweHuuvl. B xode uccnedosanus nonyuenvl Hogvle OAHHBIE 00 OCHOBHBIX NOKA3AMEIAX
Kauecmea MyKu u3 0uoa102u4ecKu aKkmugHozo 3epua nuienuusl. byoem ookasana yenecoobpasnocms npumenenun
NPOPOWEHHO20 3ePHA NULEHUNbL KAK A/TbMEPHAMUBHO20 610A CHIPLA RPU NPOU3E00CcHée MyKU. B kauecmee od6vexma
UCCIe006aHUITI NPUMEHATIU 03UMYI0 Rutenuuy ypoicas 2023 zoda denopycckoii cenexkyuu copma «Pacceemy». Myky,
ROJIYUEeHHYI0 NymeM HOMOIA NPOPOULEHHOI U UCXOOHOU RUeHUUbl, CPAGHUGANU NO OCHOGHLIM HOKA3AMENAM
Kauecmea. Oouuil 6b1X00 MyKu U3 RPOPOULEHHO20 U UCXO0OHO20 3€PHA RULEHUYbL RPU COPHIOBOM NOMOE COCIMAGUT
68,7 % u 66,6 % coomeemcmeenno. Ycmanosneno, YUMo 6bIx00 MyKu U3 OUO102UYECKU AKMUGHOZ0 3¢PHA NULEHUNbL
na 2,1 % 6onvue, uem u3z HamueHozo0 3epHa nuienuysl. B pezynomame nomona nonyuensvt mpu copma myxu (gpicuiuii,
nepevlii u 6MOopoil) U3 NPOPOWEHHO20 U UCXOOHO020 3epHa nuieHuYybl. Bbixod ompybeil c Opannvix cucmem menvuie
Hna 0,3 %, uem év1x00 ompybeil ¢ pazmoavHblx u waugosannvix cucmem na 2,1 %. Ilpu oyenke kauecmea MyKa u3
NPOPOWLEHHO20 3epHA NO DeuU3He U 30]1bHOCHU NPEBOCX00UNA MYKY U3 UCXO0OHO020 3€PHA NULEHULbL.

KuarwueBble ciioBa: Myka, NIIEHUNa, OMOJOTHYECKH AKTUBHOE 3€PHO, NMPOPOILIEHHOE 3epPHO
NIIeHNbI, 0eJU3HA, 30JJbHOCTh, BHIX0 MYKH.
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