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STUDY OF THE EFFECT OF SUCROSE USED IN THE FERMENTATION OF VIGNA RADIATA
SEEDS ON ELEMENTAL AND MINERAL COMPOSITION

Annotation: The problem of lack of trace elements and vitamins in the diet is one of the key issues in
the field of nutrition in Kazakhstan. The consumption offood products numanus, that do not contain enough
nutrients, in particular mineral composition, leads to a lack of macronutrients, which negatively affects the
health of the population. In this paper, the effect of fermentation of Vigna radiata seeds on the elemental and
mineral composition with the addition of sucrose in concentrations of 1% and 3% was studied. Experimental
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samples were fermented for 48 hours at temperatures of 10°C and 35°C. The results showed that the
maximum potassium content (34.81 mg/g) was achieved in the sample fermented at 35°C and a sucrose
concentration of 3%, and the calcium content (3.62 mg/qg) was highest at a temperature of 10°C and a sucrose
concentration of 1%. It was found that high temperatures and sugar concentrations contribute to an increase
in the content of sulfur (up to 2,21 mg / g) and potassium, while low temperatures preserve magnesium and
calcium. The study confirms that fermentation parameters significantly affect the bioavailability of minerals.
These data are of practical significance for the development of functional food products aimed at increasing
the mineral value and meeting the needs for trace elements.
Key words: fermentation, Vigna radiata, mineral composition, sucrose, functional products.

Introduction

In Kazakhstan, the problem of nutrition is associated with an unbalanced diet, a lack of trace
elements and a low level of consumption of plant-based proteins. According to statistical data, there
is a lack of products enriched with biologically active substances necessary for the prevention of
chronic diseases, such as diabetes mellitus, cardiovascular pathologies and anemia, in the structure
of the population's nutrition [1].

Under these conditions, the development of functional products from mung bean (Vigna
radiata), adapted to the climatic conditions of Kazakhstan, is a promising direction. Mash is a
valuable source of protein, vitamins and minerals, and its fermentation can significantly increase the
bioavailability of nutrients such as calcium, magnesium and antioxidants [2].

The creation of functional products made from domestically selected marshmallows
contributes to strengthening food security, popularizing plant-based food sources and improving the
guality of life of the population, which is especially important in the framework of the state program
to improve the health of the nation [3].

Fermentation is one of the most popular methods of biotechnological processing of products
used in the food industry. This process has a significant impact on the nutritional properties and
mineral composition of plant raw materials. One of the promising objects of fermentation is masha
seeds (Vigna Radiata), which are widely used for enriching the diet due to their high content of
protein, vitamins, minerals and antioxidants [4]. However, the lack of information on the effect of
fermentation on the mineral profile of mash seeds limits the potential of their use in functional food
products.

In the fermentation process, the addition of sucrose can play an important role, as it creates
a favorable environment for the development of microorganisms that can accelerate and improve
the fermentation process. Sucrose is used as a nutrient base for the enzymatic microflora, which
promotes the release of organic acids and changes the availability of minerals. In patrticular,
processes caused by added sugar can increase the bioavailability of key minerals such as calcium,
magnesium, potassium, and phosphorus.

According to studies [5], fermentation reduces the level anTunutarensHbixof anti-nutrients,
such as phytic acid, which is able to bind minerals and reduce their digestibility. By adding sucrose,
the fermentation process can be enhanced, which will release more trace elements and improve the
nutritional value of the product.

The aim of this work is to study the mineral composition of mash seeds after fermentation
with the addition of sucrose andthe effect of sucrose on the mineral composition of the product. This
study aims to improve understanding of the effect of fermentation on the bioactive properties of
sprouted seeds, which can be useful for developing fortified foods that meet the requirements of
functional nutrition and optimal micronutrient composition.

Materials and methods

The object of research is Vigna radiata seeds of domestic selection «Zhasyl Dan» [6]. The
research was conducted in the period from September to November 2024 in the Department of
Testing laboratories «Testing Regional Laboratory of Engineering profile" Structural and Biochemical
Materials» of the South Ural State University named after Auezov. Microelements and
macronutrients of Vigna radiata seeds were determined as a result of X-ray fluorescence energy-
dispersive microanalysis.

The seeds were carefully checked for damage and defects before starting the fermentation
process. As a source of carbohydrates for fermentation, sucrose (granulated sugar) was used, which
was added in different concentrations to aqueous solutions to activate the fermentation process.

Fermentation of Vigna radiata seed samples was carried out using Household Intelligent
Bean Sprout Machine equipment, which allows you to control the temperature, humidity and process
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time. The device maintains optimal humidity conditions, which contributes to an efficient enzymatic
process. The average humidity in the process was about 90%, which was maintained by an
automatic water supply system [7].

O6opynosanne Household Intelligent Bean Sprout Machine is designed to optimize seed
germination and fermentation conditions with automated temperature, humidity and time control. The
main technical characteristics of the device include:

Temperature range: from 10°C to 35°C, with the possibility of fine-tuning to maintain optimal
fermentation conditions.

Humidity control: An automatic system for maintaining humidity up to 90% provides constant
moisture for successful germination.

Automatic water supply: A built-in water tank and automatic moisture distribution system
maintain an optimal environment for seed growth.

Experimental conditions:

Vigna radiata seeds were divided into four samples that were fermented for 48 hours at
different temperatures and sucrose concentrations:

Control sample: Temperature 20°C, without the use of sucrose.

Sample 1: Temperature 10°C, sucrose concentration 10 g/l.

Sample 2: Temperature 35°C, sucrose concentration 10 g/l.

Sample 3: Temperature 10°C, sucrose concentration 30 g/I.

Sample 4: Temperature 35°C, sucrose concentration 30 g/l.

Mineral composition analysis method

After fermentation was completed, each sample was analyzed to determine the mineral
composition. Energy-dispersive X-ray fluorescence analysis (EDRFA) was used to quantify the
content of minerals such as calcium, magnesium, phosphorus, and potassium in Vigna radiata
samples. EDRFA was performed on a highly sensitive spectrometer with established parameters for
accurate measurement of the content of micro-and macronutrients [8].

Results and discussion

Analysis of the mineral composition of Vigna radiata seeds showed significant changes in
the mineral content depending on the fermentation conditions. Table 1 shows data on the content of
key minerals (C, O, Na, Mg, Si, P, S, ClI, K, Ca) in each sample, including the control group, as well
as fermented samples at various temperature conditions and sucrose concentrations.

Table 1 — Mineral and elemental composition of fermentation Vigna Radiata seeds

Name of Fermented Sample 1 Sample 2 Sample 3 Sample 4
elements seeds Of 1% Of 1% Of 3% Of 3% Std
) Mean
and without sucrose, sucrose, sucrose, sucrose, Dev
minerals sucrose (mg) | t-10°C (mg) | t-35°C (mg) | t-10°C (mg) | t-35°C (mg)
C 11,30 10,2 14,42 8,23 11,32 11,09 | 2,01
O 36,56 37,01 36,36 37,25 37,01 36,84 | 0,33
Na 0,31 0,37 0,29 0,27 0,34 0,32 0,03
Mg 3,78 3,60 3,11 3,47 3,20 3,43 0,25
P 11,47 10,20 8,49 10,54 9,15 9,97 1,05
S 1,92 1,78 1,84 2,21 2,2 1,99 0,18
Cl 0,29 0,85 0,98 0,59 1,0 0,74 0,27
K 29,76 32,18 31,59 34,81 33,13 32,29 | 1,67
Ca 2,32 3,62 2,77 2,63 2,46 2,76 0,46
Si 0,28 0,19 0,16 - 0,20 0,21 0,04

The last two columns of the table represent the Mean and Standard Deviation (Std Dev) of
the measured values across five samples.
Mean: Calculated as the arithmetic average of all five measurements for each element.

where:

x1+x2 +x3 +x4+x5

Mean=

5

X1, X2, X3, X4, X5 — individual measurement values,
5 — the total number of samples.
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Standard Deviation (Std Dev): Indicates the variability of values around the mean and is
calculated using the formula:

o = \/Z(xl—mean)z )

n—1

where:

Xi — individual measurement values,

Mean — the arithmetic average of all measurements,
n — the number of samples,

These values provide a more accurate representation of the data and ensure statistical
reliability.

Based on the presented data describing the mineral composition of fermented Vigna radiata
seeds under various fermentation conditions, the following key points can be identified:

Carbon (C): The maximum carbon content (14,42 mg) was recorded in Sample 3 (3%
sucrose, 10°C), which may be due to the activation of biochemical processes at moderate
temperature and high sugar concentration.

The minimum carbon content (8,23 mg) was observed in Sample 4 (3% sucrose, 35°C),
which may indicate increased decomposition of organic compounds at elevated temperature.

Oxygen (O): The oxygen concentration ranges from 36.36 to 38.56 mg. The highest value
was recorded in the control sample, which indicates a small effect of fermentation on the oxygen
content.

Sodium (Na): The sodium content remains relatively stable, with a maximum value of 0,37
mg in Sample 2 (1% sucrose, 35°C). This indicates a limited effect of fermentation conditions on
sodium.

Magnesium (Mg): The maximum concentration of magnesium (3,78 mg) is observed in the
control sample. Among the fermented samples, the highest value (3,60 mg) was recorded in Sample
1 (1% sucrose, 10°C), which confirms the preservation of magnesium at low temperature.

The phosphorus concentration varies from 8,49 mg (Sample 3) to 11,47 mg (control). The
decrease in phosphorus levels in fermented samples may be due to the transformation of
phosphorus-containing compounds during fermentation.

The highest sulfur content (2,21 mg) is observed in Sample 4 (3% sucrose, 35°C), which may
be due to the activation of decomposition processes of sulfur-containing compounds at high
temperature.

The chlorine content reaches a maximum (1,0 mg) in Sample 3 (3% sucrose, 10°C), which
indicates an increase in the availability of chlorine under fermentation conditions.

The potassium concentration increases with increasing temperature and sucrose
concentration, reaching 34,81 mg in Sample 4 (3% sucrose, 35°C). This indicates an active release
of potassium during fermentation.

The maximum concentration of calcium (3,62 mg) was recorded in Sample 1 (1% sucrose,
10°C). Low temperature helps to preserve calcium in the seeds.

The silicon content remains minimal in all samples (0,16-0,28 mg), which indicates a limited
effect of fermentation on this element.

Fermentation of Vigna radiata seeds has shown a significant effect on the mineral
composition and content of proteins, fats and carbohydrates, which is consistent with the results of
modern studies [9].

The study by Gan, Ren-You et all «Dynamic Changes in Biochemical Composition and
Antioxidant Capacity in Green and Black Mung Bean (Vigha Radiata) Sprouts» (2016) indicates an
overall increase in the potassium content in fermented seeds, which is consistent with our results
[10]. However, in our case, the use of different sucrose concentrations and temperatures allowed us
to achieve more pronounced results, which indicates a high degree of control over the process. In
addition, fermentation at high temperature (35°C) increases the sulfur content, which is rarely
mentioned in the literature and requires further research.

The article «Chemical Composition, Amino Acid Profile and Antioxidant Activities of
Germinated Mung Beans (Vigna Radiata)» (2015) focuses on reducing the content of anti-nutritional
substances, such as phytates, which is confirmed by our data. However, our results complement
them, showing that fermentation contributes not only to a reduction in anti-nutritional substances,
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but also to an increase in the availability of trace elements. This makes fermented Vigna radiata
seeds particularly promising for use in functional food products [11].

Additionally, our research revealed a correlation between fermentation parameters and the
content of macro-and microelements (Table 2), which is a new area of research. For example, a low
temperature helps preserve calcium and magnesium, while a high temperature increases the content
of potassium and sulfur. These results can be useful for developing strategies for purposefully
changing the composition of functional foods.

Table 2 — Advantages of our research

Advantages of our research Details
Optimization of fermentation Demonstrated that varying temperature and sucrose concentration
parameters produces products with specific mineral compositions, previously not
described in detail.
Comprehensive approach Unlike studies focusing on single aspects (e.g., antioxidants or anti-

nutrients), our research evaluates multiple key parameters including
mineral composition and bioavailability.

Practical applicability Data obtained has significant potential for the production of functional food
products aimed at addressing dietary trace element deficiencies.

Scientific contribution Adds new data to the existing knowledge base, highlighting the
importance of an integrated approach to fermenting Vigna radiata seeds.

Practical importance Facilitates the development of functional food products based on

fermented Vigna radiata seeds. Rich in minerals like calcium, phosphorus,
and magnesium, making it valuable for dietary inclusion.

Medical nutrition potential Using fermentation with optimal sucrose and temperature allows the
creation of more nutritious and functionally valuable products, beneficial
for medical nutrition.

The table summarizes the unique advantages and practical applications of our research on
the fermentation of Vigna radiata. It highlights the optimized fermentation parameters, the
comprehensive scope of the study, and the potential for producing functional food products. These
findings underscore the importance of integrating innovative approaches in food science to address
nutritional deficiencies.

Conclusion

Fermentation of Vigna radiata seeds had a significant impact on the content of carbon,
potassium, calcium and sulfur, as well as on the distribution of macro — and microelements. The
obtained data confirm that optimization of fermentation parameters, such as temperature and sugar
concentration, makes it possible to purposefully change the composition of functional food products
(FPP). This is especially important for the development of foods rich in trace elements such as
potassium, calcium and phosphorus, which helps to fill their deficiency in the diet.

In addition, fermented Vigna radiata seeds can be used to create dietary products with a
reduced carbohydrate content, which makes them especially useful for people with impaired
carbohydrate metabolism. Increasing the protein content and reducing aHTuUnuTaTenbHbIxanti-
nutrients, such as phytates, expand the possibilities of using such products to support metabolic
processes and promote health.

The use of local raw materials, such as Vigna radiata seeds, represents an important step in
the development of functional nutrition, as it minimizes transportation costs, reduces the carbon
footprint and supports local agro-industrial complexes. Fermentation as a technological process
provides high bioavailability of nutrients and vitamins, which makes such products not only useful,
but also environmentally sustainable.

Thus, our results highlight the high potential of using fermented Vigna radiata seeds in the
production of functional food products that can be widely used in the prevention and treatment of
alimentary-dependent diseases, as well as in improving the health of the general population.
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VIGNA RADIATA T¥KbIMbIH AWBITYOA KONOAHBINATbIH CAXAPO3AHbIH SNNEMEHTTIK
XOHE MMHEPAINAbI KYPAMbIHA ©CEPIH 3EPTTEY

PauyuoHda mukpoanemeHmmep meH OopymeHOepldiH xemicneywiniei Maceneci KasakcmaHOarbi
mamakmaHy canacbiHOarbl Hezidai macenenepdid 6ipi 6onbin mabblnadbl. TymbiHya3blk-myniKk eHiMOepi,
KypambiHOa Kopekmik 3ammap, amarn alimkaHda MuHeparsnobl KypaMbl XemKifikci3, MakpoHympueHmmepoiH
X)emicneywiniziHe skenedi, 6yn xanbiKmbiH deHcayrnbiFbiHa mepic acep emedi. by xymbicma Caxapo3saHsb!
1% xoHe 3% KOHUeHmMpauusicbiHda KOChIMN, 8UHbSI paduama MmyKbIMbIH aulblimyOblH 37I€MEHMMIK XoHe
MuHepanobl Kypamsa acepi 3epmmendi. SkcriepumeHmmik yneinep 10°c xeHe 35°c memnepamypada 48
caram 6olb! awbimbindbl.Homuxernep kepcemkeHOel, kanuldiH makcumandbl menwepi (34,81 ma/2) 35°c
memriepamypada albimbliiFaH XoHe caxapo3a KoHueHmpauusicbl 3%, an kanbyul menwepi (3,62 me/e) 10°c
memriepamypada xxeHe caxapo3a KoHuyeHmpauusicbl 1%-0a eH xorapb! 6010kl XKofFapbl memnepamypa MeH
KaHm KoHUeHmpauusickl Kykipm (2,21 me/2 8eliiH) MeH KanuldiH )ofapblnaybiHa biKnana ememiHi aHbIKmarobl,
an memeH memnepamypada MazsHUlU MeH KanbUyul cakmanaldbl. 3epmmey awbimy napamempriepi
MuHepandapobiH 6uoxemimoiniziHe alimapribikmal acep ememiHiH pacmaudbl. byn maniMemmep natidarnsi
Ka3banapobiH  KYHObIIbIFbIH — apmmblpyra XXOHe  MUKPO3dJIeMeHmmepae  0e2eH  Kaxemminikmi
KaHarammaHObIpyra barbimmarraH OyHKUUOHan0bl mamax eHiMOepiH xacay yWiH npakmukarbiK MaHbi3bl
6ap.

Tylin ce3dep: awbimy, Vigna Radiata, MuHepanobl KypaMbi, caxapo3a, (byHKULUOHa0bl eHiMoep.
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WCCNEOOBAHUE BITUAHUA CAXAPO3bl, UICMNOJIb3YEMOW NMPU ®EPMEHTALIUM CEMSAH
VIGNA RADIATA, HA 3JIEMEHTHbIW U MUHEPAJIbHbIA COCTAB

lMpobnema dehuyuma MUKPOIIEMEHMO8 U 8UMaMUHO8 8 pPauUOHe NumaHus s85semcsi 00HoU u3
Krrodesbix 8 obnacmu numaHusi 8 Kasaxcmare. YnompebrieHue rnpodykmos rnumaHus, He codepxauwjux
docmamoyHO20 Konu4decmea numarmesibHbIX 8eu,ecms, 8 YaCmHOCMU MUHepasibHbIX eeuwecms, npueooum
K Hedocmamky MaKpO3/IeMEHIMO8, YIMO He2amueHO CKa3bigaemcs Ha 300posbe HacesieHusi. B OaHHoU
pabome uccnedyemcsi enusiHue epMmeHmauyuu cemsH Vigna radiata Ha anemMeHmHbIU U MUHepasibHbIl
cocmase ¢ 0OobasneHuem caxapo3bl 8 KoHueHmpauusx 1% u 3%. OkcnepumeHmarnbHble 06pa3ubi
epmeHmuposanucb 8 medeHue 48 yacoe npu memnepamypax 10°C u 35°C. Pe3ynbmambi nokasarsnu, 4mo
MakcumarbHoe codepxaHue Kanus (34,81 ma/2) 6bino docmueHymo 8 obpa3sye, hepMeHmMuUpPO8aHHOM Mpu
35°C u koHueHmpauyuu caxapo3bl 3%, a codepxaHue Kanbuus (3,62 ma/2) okasanock Haubonbwum fpu
memnepamype 10°C u KoHueHmpauyuu caxaposbl 1%. YcmaHoeneHo, 4mo 6biCoKue memnepamypbl U
KOHUeHmpauyuu caxapa criocobcmeyrom yeenudeHuro cooepxaHus cepbi (00 2,21 ma/2) u Kanusi, 8 mo epems
KaK HU3Kue memMrepamypbl COXpaHsiom MasHUl u Kanbyul. MccriedosaHue nodmeepxdaem, Hmo
napamempsl ¢hepMeHmayuu Cyu,ecmseHHO eusiom Ha 6uodocmyrnHOCMb MUHeparbHbIX 8ewecms.
lMonyyeHHble OaHHble UMeom Mpakmu4yeckoe 3HadeHue 011 pa3pabomku byHKUUOHasbHbIX [PO0yKImos
numaHus, HarnpasyieHHbIX Ha [08bIEeHUEe MUHepasibHOU UeHHOCMU U 80CroJfiHeHuUe fnompebHocmel 8
MUKpO3fieMeHmax.

Knroyeenie cnioea: epmeHmayus, Vigna radiata, MuHeparnbHbili cocmas, caxapo3a,
yHKYUOHabHbIEe MPOOYKMEbI.
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WTM¥PbIHMEH BAMLITBINIFAH CAPbICYbl ©HAIPYAIH TEXHONOMMANbLIK ACMNEKTINEPI

AHOamna: Makanaga WTMYpPbIH CbIfbIHOBICHI KOCbIIFaH capbiCy HerisiHaeri dyHKLMOHanabl
cycblHOapAbl eHAIpyaiH TEeXHOMOrvAnblK acnekTinepiH 3epTTey XaHe a3iprey HaTwkenepi GepinreH. byn
3epTTeyaiH e3ekTiniri MTMypbIHMeH OalbITbiNFaH capbicyabl eHAEYAIH KanablKCbi3 TEXHOMOMMACKIH a3ipney
XoHe kasipri emip cypy xafganbiHaa agaMHblH UMMYHUTETIH cakTayFa KeMeKTeCeTiH XaHa eHimaepai xacay
KaxeTTiniriHe OGannaHbiCTbl. 3epTTeyaiH MakcaTbl — WTMypblHMEH OanbiTbifiFaH CcapbICy ©HAIPICIHIH
TEeXHOMNOrMANbIK acnekTinepiH 3eptrey. Heriari mingeTTep: TMypbiHHaH Bronornsanbik 6enceHi 3attapra 6aw
capbIiCyabl 6HAIpYre KaXeTTi Heridri TexHonorusanapabl aHblkTay; cycblHAarbl 6encengi 3attapablH KypambiH
apTTbipyFa OarbiTTanfaH agictepai cunatrtay; UTMYPbIHMEH GambITbifFaH capbiCyablH, (hr3MKa-XUMUANbIK,
MUKPOBUOMNOrMAnbIK >XaHe opraHonenTukanblk KepceTKilTepiH 3epTTey. byn cyCbiHHbIH, epekweniri - 6yn
eHiMaepaiH agaM pauuoHbiHa KOCbINybl SpTypri aypynapiblH anfblH anyfa XoHe >Xamnnbl AeHCayrbIKTbl
XakcapTyra kemektecefi. CoHbIMEH KaTap, CYCblH eHZipiciHOe capbiCy MeH UTMYpPbIH nanganaHy Tamak
eHepkacibi yLWiH aHa MyMKiHOIKTep awagpbl, pecypctapibl TypakTbl NakganaHyFa biknan eTefi XaHe as3blk-
TYNiK eHiMaepiHiH accCOpTUMEHTIH KeHewTeni. 3epTTey cycbiHAarbl 6enceHpi UHrpeaueHTTepdiH, MasMyHbIH
apTTbipyFa bafbiTTanfaH sgictepai cunattangsl. byn sgictep capbicyabl eHaeyaiH apTypri TexXHonorusanapbiH
)KOHEe OHbl UTMYpPbIHMEH GaWbITy 8AicTepiH KamMTuabl. 3epTTey HOTWXKENepi KakcapTblFaH TYTbIHYLIbINbIK
cvnaTTamanapbl XeHe >XOfapbl TaramMablK KyHAbINbIFbI 6ap TWiMAi capbiCy CyCbiHOAPbIH 6HAIPYAIH >XaHa
dopmanapsl MeH TeEXHONOrMANapbIH a3ipreyae nanaanaHbiybl MyMKiH.

TyliH ce3dep: capbiCy, UTMYPbIH, ®HAIPY TEXHOMNOrMUsiCbl, GenceHai 3atTap, XMMUSAIbIK Kypambl,
6udpmaoobakTepusnap.

Kipicne

CoHfbl OHXbINAbIKTapAa WHAyCTpuangbl OambifaH enjepae  KanbinTackaH —Konamchbi3
9KOMOruANbIK Xafgannap agaMm MMMYHUTETIHIH TemeHaeyiHe akeneTiH Herisri pakTtopnapablH Bipi
6onbin Tabbinagbl. CoHAbIKTAH Kasipri Tamak eHepkacibiHiH Herisri 0arbiTTapbIHbIH Gipi agamMHbIH
UMMYHUTETIH XXakcapTyFa KeMeKTeceTiH TMiMAI TaMmak eHiMaepiH eHAipy 6onbin Tabbinagsl.

KangbIKcbl3 XeHe Kanablfbl a3 TexHonornsnapabl AambITy anemMaik fFoelfibiMy 3epTTeynepaid
KO3fayLlbl XoHe MaHbI3abl 6eniri 6onbin Tabbinagbl. CoOHAbIKTAH, OTaHAbIK XoHe Xarblkapanblk
3epTTeynepaid Herisri macenenepiHib, Oipi capbicyabl asbik—Tynik xeHe 6acka ga MakcatTapaa
eHaey 6onbin Tabbinagbl [1].
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