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This study presents the results of investigating the effect of sucrose on the amino acid composition of germinated
mung bean seeds of the ‘Zhasyl din’ variety. Particular attention was paid to the dynamics of essential amino acids
(EAA), which determine the biological value of the product. Control samples without sucrose and experimental
variants with the addition of 2% sucrose were analyzed at 24, 48, and 72 hours of germination. The results showed
that the germination process is accompanied by significant changes in the amino acid profile, with sucrose acting as
a stimulating factor. The most intensive changes were observed between 24-48 hours, when the maximum
accumulation of both essential and some non-essential amino acids was recorded. In particular, the content of leucine
+ isoleucine increased from 2895 to 3654 mg/100 g, lysine from 1523 to 1838 mg/100 g, phenylalanine from 1486 to
1836 mg/100 g, and valine from 1178 to 1459 mg/100 g. In the control samples, the increase in these amino acids was
less pronounced. Additionally, an increase in aspartic acid + asparagine was observed (from 2658 to 3315 mg/100 g),
while glutamic acid + glutamine increased from 3966 to 4916 mg/100 g, confirming the activation of nitrogen
metabolism and enhanced proteolytic processes during germination. Visualization using graphs and a heatmap
confirmed that sucrose enhances the metabolic activity of sprouts, resulting in higher accumulation of free amino
acids. The obtained results demonstrate that sucrose supplementation during mung bean germination is an effective
method to improve their nutritional value and can be applied in the development of functional food products.

Keywords: Vigna radiata, germination, fermentation, amino acid composition, sucrose, essential
amino acids, functional foods.
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byn 3epmmeyoe «Kacwin 0an» copmuinplly mawt myKbimMoapvli oHOIpy Ke3inoe caxapo3anvlly AMUHKbIUKbLIObIK
Kypamza acepi zepmmenodi. OHIMHIYN OUO0102UANBIK KYHOLLIbIZbIH AHBIKMAUMbBIH AAMACMbIPOUIMAUMbIL AMUH -
Kouuukolnoapoinviyy (EAA) ounamuracvina epexuie nazap ayoapuoinovt. Tanoayza caxaposacwiz 6axwliay yazinepi scone
OHOIpYOin 24, 48 scone 72 cazamuinoa 2% caxaposa Kocvlizan maxcipubenik nyckanap anvinost. Hamuoicenep onoipy
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npoueci aMUHKbLUKBLIObIK RPOPUNbLOIH eneyli 032epicmepimen Kamap Hcypeminin Kopcemmi, 0ya1 Kezoe caxaposa
BIHMAIAHOBIPYUILL (hakmop peminoe apekem emeodi. En KapKvinowt e32epicmep 2448 cazam apanvizvinoa 6aiikanosl, oyn
Ke30e anmacmulpbliMaimoli JHeaHe Keloip anmacmulpoliamsli AMUHKLUKBLIOADBIHGIH €H HCO2APbl HCUHAKMATIYbL
mipkenoi. Aman aumkanoa, neiyun ycone uzoneiuyunniy monuepi 2895-men 3654 me/100 2-2a, nusunning monwepi 1523-
men 1838 m2/100 2-2a, ghenunananunniy monuwepi 1486-oan 1836 m/100 2-2a, an eéanunniny monuwepi 1178-0en 1459 m2/100
2-2a Oeitin apmmol. baxwinay ynzinepinoe 0y amuHKbIKbLI0GPBIHBLY 0CYI ailmapaviKmait momen 6010vl. Conbimen
Kamap acnapazun KbluKbliibl MeH acnapazunHin monuepi 2658-0en 3315 mz/100 2-2a, an zniymamun KbluiKblisl MeH
nymamunniny monuwepi 3966-0an 4916 m2/100 2-2a deiiin apmransl 6aiiKandbl, OY1 A30M AIMACYbIHBIY Oe/1CeHOLIeHYiH
JHcane OHOIpY HapvlCblnOa RPOMEOIUMUKATBIK POy ecmepOiy, Kyuieroin kopcemedi. I padhuxmep men sicwiny kapmacel
mypinoezi euzyanuzayusa caxapo3anvly OCKIHOEpOiH MemadoIuKanvlK OenceHOinizin Kyueumeminin ieane 6oc
AMUHKBIUKBLIOAPBIHBLY HCOZAPbL HCUHAKMATYbIH KAMMAMACHL3 ememinin pacmaovl. AbIH2AH HIMUdICENEp Mawl
MYKbIMOapvli OHOIPY Ke3inde caxapo3a KocyOblH 01apOoblH, mazamoblK KYHObLIbIZbIH apHMbIPyObly, mMUiMoi 20ici eKeHin
JHCoHe PYYHKUUOHAIObI Ma2am OHIMOEPIH 23ipaeyoe Koa0any2a 601amslHblH Kopcemeoi.

Herisri ce3mep: Vigna radiata, ennipy, ¢epMenTanusi, aMMHKBIIIKBUIIBIK KypaM, caxapo3sa,
AJIMACThIPbUIMANTBHIH AMMHKBIIIKbLIAAPbI, (YHKIMOHAJIbI TAFaM OHIM/Iepi.
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B Odannom uccneoosanuu npeocmasnenst pe3yismanvl U3yUeHUs 6IUAHUA CAXAPO3bl HA AMUHOKUCTOMHbLI
cocmae npopouiennvix ceman mauia copma «Kacwin 0an». Ocodoe enumanue yoenieHo OUHAMUKE HE3AMEHUMbBIX
amunokuciom (EAA), komopwie onpedensiom 6Guonozuueckyrwo ueHnocms npodykma. Ananuzy nooeepzanucs
KOHmMPONbHbIE 00pazyubl 6e3 caxaposvl U IKCREPUMEHMAIbHbLE 6apuanml ¢ 0ooasnenuem 2% caxaposol uepes 24,48 u 72
yaca npopawueanus. Pezynomamol nokasanu, umo npouecc npopawiuaHUs CONPOBOHCOAEMC 3HAUUMEIbHLIMU
UBMEHEHUAMU AMUHOKUCTIOMHO020 NPOdUIA, PU IMOM caxapo3a evicmynaem Kax cmumynupyrouwguii gpakmop. Hauoonee
UHMEHCUBHbIE UIMEHEHUA HADII00aNUCh 8 unmepeane 24—48 uacos, Kozoa GuKcuposanocb MaKcumanbHoe HaKON1eHue
KAK He3aMeHUMbIX, MAK U HEKOMOPbIX 3AMEeHUMbIX amunokuciom. Tak, codepicanue neuyuna u uzoneiyuna
yeeauuunocs ¢ 2895 00 3654 m/100 2, ruzuna — c 1523 00 1838 m2/100 2, henunananuna — c 1486 0o 1836 m2/100 2, a
sanuna — c 1178 00 1459 m2/100 2. B Konmpo/ibHbIX 00pa3uax npupocm ImMux AMUHOKUCIOM ObLl MEHEe 6bIPANCCHHBIM.
JlononnumensHo ommeueHo noGvIMEHUE COOCPHCAHUA ACRAPAZUHOB0I Kucioml u acnapazuna (¢ 2658 0o 3315 m2/100
2) u znymamunosoi kuciomot u 2rymamund (c 3966 0o 4916 m2/100 2), umo noomeepicoaem aKmMueU3AUUIO A30MHOZ0
00Mena u ycunenue npomeorumudecKux npoueccos 8 xode npopawiueanus. Busyanuszayus 6 eude zpagpuxos u mennogoii
Kapmul nOOmMeepouna, Ymo caxapo3a ycunugaem mMemapoiuiecKyro aKmueHoCms nPpopoCmKos8, odecneuusas bonee
8blCOKOE HAKONIeHue c60000nbIX amunoxkuciom. Ilonyyennvie OanHble NOKA3bI8AIOM, YN0 000a8IEHUE CAXAPO3bl RPU
NPOPAUUBAHUU CEMAH MALUA AGNACICA IPPEKMUBHBIM CHOCOOOM NOBBIMUECHU UX RUWEBOIl UEHHOCIU U MOJHCem Oblmb
UCHOIb308AHO NPU PA3PABOMKE YYHKUUOHATILHBIX RPOOYKMOE RUMAHUA.

Kuarouesbie cioBa: Vigna radiata, npopammBanue, pepMeHTaIHSI, AMUHOKUCJIOTHBIH COCTaB,
caxapo3a, He3aMeHMMble AMHHOKHCJI0ThI, PYHKIHNOHAIbHbIE NPOAYKTHI NUTAHUS.
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Introduction

Protein is a major macronutrient essential for
growth, tissue repair, and metabolic regulation. For
adults, the recommended daily intake is 0.8-1.0 g/kg
of body weight, or on average 50-70 g [1]. Protein
deficiency in the diet is associated with underweight,
impaired development of muscle and bone tissue,
weakened immunity, and reduced cognitive
functions. In countries with limited access to animal
proteins, plant sources serve as a key factor in
ensuring nutritional security [2].

Mung bean seeds (Vigna radiata L.) are
considered a promising source of plant protein, with
a dry matter content of 21-24 g/100 g. An important
advantage of mung beans is their balanced amino acid
composition: along with high levels of aspartic and
glutamic acids (up to 2.5-3.0 g/100 g each), the grain
contains significant amounts of lysine (1.5-1.7 ¢/100
g) and leucine (1.7-1.9 g/100 g), which are deficient
in most cereals [3]. Moreover, the protein digestibility
coefficient exceeds 85% [4]. Thus, mung beans are
among the most balanced legumes in terms of amino
acid profile.

Fermentation is a process in which both
endogenous and microbial enzymes are activated,
leading to protein hydrolysis and accumulation of
free amino acids. According to the literature, the total
concentration of free amino acids in legumes
increases by 20-40% after fermentation [5]. For
example, leucine content in germinated mung beans
after 48 h of fermentation increases from 1.7 t0 2.3
0/100 g, lysine from 1.6 to 2.1 g/100 g, and threonine
from 0.7 to 1.0 g/100 g [6]. This increase is explained
by the activation of proteases and transaminases,
which break down storage proteins into more
digestible forms. In addition, fermentation reduces
antinutrients such as protease inhibitors and phytates,
which limit amino acid and mineral absorption. Thus,
fermentation is considered a promising approach to
enhancing the biological value of legume proteins [7].

The addition of sucrose to the fermentation
medium has a dual effect. First, sucrose serves as an
energy source for microorganisms and stimulates
their metabolic activity. Second, the presence of
carbohydrates accelerates seed germination and
activates endogenous enzymatic systems. Studies
show that when 2% sucrose is introduced into the
germination medium, a rapid increase in free amino

acids is observed: aspartic acid rises by 18%,
glutamic acid by 22%, and lysine by 25% compared
to the control without sucrose [8]. The most
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pronounced changes are recorded at 48 h, when the
total amino acid pool reaches its maximum and the
proportion of essential amino acids increases by 15—
20%. These results confirm that sucrose plays a key
role in regulating biochemical processes, ensuring
optimal conditions for amino acid accumulation.

Despite numerous publications on legume
fermentation, systematic studies on the effect of
sucrose on the amino acid profile of mung beans of
specific varieties remain scarce. For the variety Vigna
radiata L. ‘Zhasyl dan’, common in Kazakhstan,
such data are lacking. Yet varietal characteristics may
significantly affect germination rate, enzyme activity,
and the pattern of amino acid changes.

This article presents an analysis of the content
of 17 amino acids in Vigna radiata L. ‘Zhasyl dan’
seeds fermented with sucrose. The study covers four
time points—0, 24, 48, and 72 h—allowing us to
trace the dynamics of protein biochemical
transformations. The aim of the study is to identify
patterns of amino acid composition changes and to
determine the optimal time for maximum
accumulation of free amino acids under sucrose-
assisted fermentation [9].

Materials and research methods

Seeds of Vigna radiata L. variety ‘Zhasyl dan’
from the 2024 harvest were used in this study. The
average content of crude protein in the initial samples
was 21.0 £ 0.3 g/100 g dry matter, fat — 2.3 + 0.1
0/100 g, and carbohydrates — 55.0 + 0.5 ¢/100 g.

Seeds were germinated for 72 hours in a
medium  supplemented with 2%  sucrose.
Fermentation was carried out using specialized
equipment — the Householder Sprouting Machine —
which provided controlled water supply, aeration, and
maintenance of optimal humidity for growth and
enzymatic activity. Samples were collected at 0, 24,
48, and 72 h. Control samples were incubated in
distilled water without sucrose. Each measurement
was performed in triplicate.

The amino acid profile was analyzed using
high-performance liquid chromatography (HPLC)
with  pre-column  derivatization by ortho-
phthalaldehyde. For protein hydrolysis, the acid
method was applied (6 N HCI, 110 °C, 24 h) [10]. The
detection limit was 0.05-0.10 mg/g for different
amino acids.

Results are expressed as mean + standard
deviation (n = 3). One-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test at a
significance level of p < 0.05 was used to assess
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differences between time points. The Benjamini—
Hochberg correction was applied to control for
multiple comparison errors.

Statistical processing and visualization were
performed using GraphPad Prism 9.0. Heatmaps of
the dynamics of 17 amino acids (z-score
normalization by rows), grouped bar charts of the
amino acid profile at each stage, line graphs of
temporal changes in the total amino acid pool and
specific groups (e.g., essential amino acids), as well
as pie charts for assessing the relative contribution of
amino acids to the overall profile were constructed.
The use of GraphPad Prism enabled the integration of
statistical analysis and graphical visualization within
a single environment [11].

The method of acid hydrolysis followed by
HPLC determination of amino acids is considered the
standard for the analysis of legumes. According to the
literature, variation in the content of individual amino

acids during repeated measurements does not exceed
5% [12], which is consistent with the present results.
The use of sucrose as a substrate is explained by its
ability to stimulate enzymatic processes and enhance
the accumulation of free amino acids.

Results and discussion

In Vigna radiata L. ‘Zhasyl dan’ seeds
fermented with 2% sucrose, the content of 17 amino
acids was analyzed at four time points (0, 24, 48, and
72 h). The total amino acid content increased from
22,736 mg/100 g at the initial stage (0 h) to 24,742
mg/100 g at 24 h, reached a maximum at 48 h (26,768
mg/100 g), and slightly decreased by 72 h (25,836
mg/100 g). Thus, the overall increase by 48 h was
approximately 18% compared to the baseline, which
is consistent with literature data on peak
accumulation of free amino acids at intermediate
stages of legume germination [13]. The data used in
the table are available in the Zenodo repository [14].

Table 1. Amino acid content (mg/100 g dry matter) in Vigna radiata L. ‘Zhasyl dan’ seeds during fermentation with sucrose.

Amino acid Oh 24 h 48 h 72 h
Aspartic acid + 2658 2938 3315 3213
Asparagine

Threonine 605 668 729 724
Serine 1142 1275 1428 1326
Glutamic acid + 3966 4417 4916 4743
Glutamine

Glycine 725 816 898 857
Alanine 853 959 1071 1091
Valine 1178 1350 1459 1408
Methionine 278 306 337 332
Leucine + 2895 3233 3654 3489
Isoleucine

Tyrosine 699 775 857 806
Phenylalanine 1486 1642 1836 1796
Lysine 1523 1688 1838 1816
Histidine 618 694 765 724
Arginine 1679 1867 2040 1969
Proline 956 1061 1173 1142
Cysteine 73 82 90 87
Tryptophan 205 224 250 235

Growth in amino acids was observed for most
components. Thus, the content of aspartic acid
(together with asparagine) increased from 2658
mg/100 g to 3315 mg/100 g at 48 h (+25%), while
glutamic acid (together with glutamine) rose from
3966 mg/100 g to 4916 mg/100 g (+24%). Among
the essential amino acids, the most pronounced
changes were recorded for lysine, which increased
from 1643 mg/100 g to 2017 mg/100 g (+23%), and
leucine, which increased from 1520 mg/100 g to 1793
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mg/100 g (+18%). The level of threonine increased
from 605 mg/100 g to 729 mg/100 g (+20%). These
changes are of particular importance since lysine and
threonine are considered limiting amino acids in
cereal crops [15].

For example, leucine content increased by
almost one third, and lysine by 20-25% compared to
the control. This is especially significant because
these amino acids are critical for forming a complete
amino acid profile. At the same time, without sucrose
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supplementation, the values at 48 h were lower, and
by 72 h there was a tendency toward stabilization or
even a decrease in certain amino acids.

The sucrose treatment also demonstrated
higher values of isoleucine and phenylalanine (an
increase of 15-18% relative to the baseline), whereas
without sucrose the increase of these amino acids did
not exceed 5-8%. This dynamic indicates that
additional carbohydrates serve as an energy substrate
for sprout metabolism, stimulating protein synthesis
and the release of free amino acids.

Thus, sucrose acts as a catalyst of amino acid
metabolism, ensuring the retention and accumulation
of essential amino acids throughout the germination
period. The most pronounced effect was observed
during the interval of 24-48 h, which can be
considered the optimal window for obtaining samples
with enhanced nutritional value.

Aspartic acid + Asparagine
Threonine

Serine

Glutamic acid + Glutamine
Glycine

Alanine

Valine

Methionine

Leucine + Isoleucine
Tyrosine

Phenylalanine

Lysine

Histidine

Arginine

Proline

Cysteine

Tryptophan

Amino acid

Figure 1. Dynamics of 17 amino acids (0, 24, 48, 72 h).

The heatmap shows the concentrations of 17
amino acids in Vigna radiata ‘Zhasyl dan’ seeds
during fermentation with 2% sucrose at 0, 24, 48, and
72 h (mg/100 g dry matter). The maximum increase
was observed at 48 h (especially for Glu+Gln and
Leu+lle), followed by stabilization or moderate
decline at 72 h.

In this study, special attention was given to
the dynamics of essential amino acids (EAA), since
they determine the biological value of proteins and
are critically important for the human body. The
EAAs include leucine, isoleucine, valine, lysine,
threonine,  methionine, phenylalanine, and
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For a more comprehensive visualization of
changes in the amino acid profile of mung bean seeds,
a heatmap was constructed, reflecting the dynamics
of all 17 analyzed amino acids in both control
samples and sucrose-supplemented variants at
different time points (0, 24, 48, and 72 h). This format
clearly demonstrates not only individual changes in
each amino acid but also the general patterns of
metabolic shifts during germination.

The use of a heatmap makes it possible to
quickly identify amino acids with the highest increase
(represented by more intense colors) and to compare
their dynamics between variants with and without
sucrose. This is particularly important for

understanding which amino acids contribute most to
enhancing the nutritional value of the fermented
product.

4000

3000

2000

1000

24 48 72
Time (hours)

tryptophan. These amino acids are not synthesized in
the human body and must be obtained from the diet;
therefore, their quantitative content in the studied
material is a key indicator.

Based on the measurements, it was found
that the accumulation dynamics of EAAs varied
significantly depending on the germination
conditions of mung bean seeds. To visualize these
differences, a graph (Figure 1) was constructed,
illustrating the changes in the total and individual
content of essential amino acids in the control
samples and in the sucrose-supplemented variants at
different time points (0, 24, 48, and 72 h).
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Figure 2. Dynamics of the total content of essential amino acids (0-72 h).

According to the figure, the total content of
essential amino acids (EAA) in mung bean seeds
showed a clear positive trend during germination in
the sucrose-supplemented medium. In the control
sample (0 h), the total amount of EAA was 8,788
mg/100 g, while after 24 h in the sucrose treatment
the value increased to 9,805 mg/100 g, corresponding
to an increase of approximately 11.6%. The highest
accumulation was observed after 48 h, reaching
10,868 mg/100 g, which represents an increase of
about 23.7% compared with the initial sample. The
most pronounced growth was observed for leucine +
isoleucine (2,895 — 3,654 mg/100 g), lysine (1,523
— 1,838 mg/100 g), valine (1,178 — 1,459 mg/100
g), and phenylalanine (1,486 — 1,836 mg/100 g),
indicating activation of proteolytic processes and
enhanced amino acid accumulation during
germination

The obtained data confirm that fermentation of
mung bean seeds with sucrose contributes to a
targeted increase in their protein value due to the
growth in essential amino acid content. This makes
the technology particularly promising for the
development of functional food products—from
gluten-free bakery items to instant beverages [16].
The optimal fermentation time of 48 h may be
recommended as a standard technological regime for
producing intermediates with enhanced amino acid
value. Furthermore, the use of sucrose as a
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biochemical activator opens possibilities for targeted
modification of protein composition and adaptation
of technologies to specific mung bean varieties. From
a practical perspective, this technology can be
integrated into the production of plant protein
concentrates and specialized products for children’s,
sports, and medical nutrition [17]. In the long term,
the application of sucrose-assisted fermentation
allows the expansion of the range of functional
products, enhances their biological value, and ensures
the sustainable use of plant resources, which is of
great importance for food security.

Conclusion

The analysis demonstrated that mung bean
germination is accompanied by significant changes in
the amino acid profile, with sucrose supplementation
exerting a pronounced stimulating effect. The
greatest increase was recorded for essential amino
acids, particularly leucine, isoleucine, lysine, and
phenylalanine, which substantially enhances the
biological value of the product. At the same time, an
increase in aspartic and glutamic acids was observed,
both of which play a key role in metabolic processes
and nitrogen balance.

The most intensive changes occurred within
24-48 hours of germination, when sucrose-treated
samples exhibited peak values for most amino acids.
In contrast, control samples without sucrose showed
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a less pronounced dynamic, and at later stages (72 h)
some parameters tended to stabilize or even decline.

Thus, the results confirm that sucrose
supplementation is an effective factor of metabolic
activation, contributing to the accumulation of free
amino acids and enhancing the nutritional value of
germinated mung bean seeds.

The practical significance of this study lies in
the fact that the obtained data can be applied in the
development of functional food products, including
instant amino acid - enriched beverages and
specialized food ingredients. This makes sucrose-
assisted germination a promising direction for the
food industry and dietetics.
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