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The object of this study is sprout-
ed mung bean seeds (Vigna radiata L.) 
of the “Zhasyl dän” variety, used as a 
raw material for developing a functional 
beverage with improved protein quality. 
The study addresses the limited biological 
value of plant proteins associated with 
their amino acid composition

Seeds were germinated in distilled 
water (control) and in a 2% sucrose solu-
tion for 24, 48, and 72 hours. Amino 
acid composition was analyzed using 
high-performance liquid chromatogra-
phy (HPLC) with fluorescence detection.

Sucrose addition led to a clear 
increase in amino acid content during ger-
mination, with the strongest effect observed 
after 48 hours. Total amino acid content 
increased from 21,539 to 26,656 mg/100 g 
dry weight (+23.8%). The most noticeable 
changes were found for essential amino 
acids, including lysine (+20.7%), valine 
(+23.9%), and branched-chain amino acids 
(leucine and isoleucine, +26.2%). Glutamic 
and aspartic acids also increased by about 
24%, which may be linked to improved taste 
characteristics.

In general, sucrose influenced meta-
bolic processes and resulted in a 20–25% 
increase in amino acid content without 
the use of microbial cultures. The optimal 
germination time was around 48 hours.

These results suggest that controlled 
germination with carbohydrate addition 
can be used as a simple approach to 
improve plant protein quality in func-
tional food products
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1. Introduction

Ensuring global food and protein security remains a major 
challenge. Despite progress in food technologies, a large part 
of the population still does not receive enough high-quality 
protein and essential micronutrients. A key issue is “hidden 
hunger”, when calorie intake may be sufficient, but the diet 
lacks essential amino acids, vitamins, and minerals [1]. This 
problem is particularly relevant in urban populations, where 
processed foods form a significant part of daily nutrition.

Current dietary patterns are often dominated by refined car-
bohydrates and fats, while overall nutritional value remains low. 
As a result, deficiencies in protein and micronutrients become 
more pronounced, and the risk of diet-related diseases increas-

es [2]. This has led to growing interest in functional foods based 
on plant raw materials that are affordable and can be easily 
incorporated into everyday diets without major changes.

Functional beverages represent a convenient option, as 
they are easy to consume and allow adjustment of nutrient 
composition. According to GOST R 56543–2015, a product 
is considered functional if it provides 15–50% of the recom-
mended daily intake of biologically active compounds per 
serving. This requires careful selection of both raw materials 
and processing approaches.

However, many plant-based beverages are mainly de-
signed to supplement vitamins and minerals. Their protein 
content, especially in terms of essential amino acids, often 
remains insufficient. For this reason, plant proteins are in-
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ited. Germination has been reported to reduce antinutritional 
factors such as phytates, protease inhibitors, and lectins, 
thereby improving protein digestibility [9]. These findings 
confirm that enzymatic transformations during processing 
directly affect protein quality and bioavailability.

The efficiency of germination-based strategies largely 
depends on substrate composition and metabolic regulation. 
In this context, sucrose has been identified as an import-
ant carbon source influencing metabolic pathways during 
sprouting. It has been shown that sucrose supplementation 
enhances antioxidant activity and accumulation of bioactive 
compounds in mung bean sprouts, while physiological stud-
ies have demonstrated that soluble sugars regulate metabolic 
activity in legume cotyledons [10]. These findings indicate 
that carbohydrate availability can act as a metabolic regula-
tor during early seed development.

However, despite the availability of advanced chromato-
graphic techniques for amino acid quantification [11], systemat-
ic analysis of time-dependent amino acid dynamics under met-
abolic modulation remains insufficient. These findings confirm 
that reliable analytical tools exist, yet they are not consistently 
applied in germination studies focusing on protein quality.

Some attempts to overcome protein-related limitations in 
plant-based foods involve the use of starter cultures and con-
trolled processing systems. Nevertheless, such strategies in-
crease technological complexity and may limit industrial scal-
ability. An alternative approach based on simple carbohydrate 
supplementation has been partially explored [12–14], yet its 
targeted impact on amino acid transformations during ger-
mination has not been comprehensively characterized. These 
findings suggest the potential of metabolic regulation but do not 
provide a systematic analysis of amino acid profile modulation.

Although germination has been extensively studied in 
legumes such as soybean and lupin, data on the targeted 
modulation of amino acid composition in mung bean remain 
limited. Moreover, while sucrose is applied during germina-
tion processes, its effect on the spectrum of free amino acids 
determined by HPLC has not been sufficiently investigated.

All this shows that it makes sense to study in more detail 
how amino acids change in mung bean seeds during ger-
mination, especially if the process is influenced by simple 
additives. This is important if it is necessary to develop prac-
tical and affordable ways to improve plant protein quality for 
functional foods.

Even though germination of legumes has been studied 
quite widely, there is still not much detailed information on 
how amino acid composition can be specifically controlled 
in mung bean. In particular, the role of sucrose in changing 
the profile of free amino acids, especially based on chromato-
graphic data, is not well described.

3. The aim and objectives of the study

The aim of this work was to improve the amino acid 
composition of a functional beverage based on mung bean by 
modifying the germination process. The focus was on using 
a simple approach that could be applied in practice and help 
increase the nutritional value of plant proteins.

To reach this aim, the following objectives were defined:
– to track how amino acid composition changes during 

germination;
– to evaluate the effect of sucrose on the accumulation of 

non-essential amino acids;

creasingly considered as an alternative to animal sources, 
offering both nutritional and practical advantages. They are 
more accessible, more sustainable, and allow increasing the 
overall nutritional value of products. Among them, legumes 
stand out due to their relatively high protein content and bal-
anced amino acid composition [3].

Mung bean (Vigna radiata L.) is a good example. It con-
tains around 20–25% protein and also includes a number 
of bioactive compounds, such as γ-aminobutyric acid and 
glutamine. Because of this, it is often seen as a promising 
ingredient for functional foods.

At the same time, in its raw form, mung bean protein is 
not fully available for digestion. To improve this, different 
processing methods are used. One of the simplest and most 
effective is germination. During this process, enzymes inside 
the seed become active. Proteins begin to break down, and 
the amino acid composition changes [4].

Germination can significantly improve the nutritional 
value of mung bean. It increases digestibility, reduces antinu-
tritional compounds, and leads to the formation of useful me-
tabolites. However, how effective this process depends on the 
conditions. In particular, the composition of the medium plays 
an important role. Sucrose is not only an energy source – it 
can also influence metabolic activity during germination and 
affect how these changes occur [5].

Taken together, these points show that improving the ami-
no acid composition of plant raw materials is still a relevant 
task, especially for the development of functional beverages.

2. Literature review and problem statement

Many studies have shown that processing methods can im-
prove the nutritional quality of legumes. During germination, 
the seed becomes metabolically active. Enzymes start work-
ing, storage proteins begin to break down, and amino acids be-
come more available. As a result, protein is easier to digest [6].

At the same time, germination is still being actively stud-
ied. It is clear that it can improve amino acid composition and 
increase the content of bioactive compounds. But the results 
are not always stable. In some cases, the changes are signifi-
cant, in others – much less noticeable. This makes it difficult 
to control the process and reproduce the same results.

The reason is that germination is quite a complex process. 
It depends on many factors – from the properties of the seed 
to environmental conditions. Even small differences can af-
fect the outcome. In addition, when more complex approach-
es are used, such as microbial cultures, the process becomes 
more expensive and harder to scale for real production.

A possible way to overcome these difficulties is the use 
of metabolically active additives capable of regulating endog-
enous biochemical pathways without introducing external 
microbial systems. Such an approach is particularly relevant 
for plant-based food development, where legumes are recog-
nized as sustainable and nutritionally valuable protein sourc-
es [7]. These findings emphasize the strategic importance of 
legumes in future food systems and support the search for 
scalable protein-enhancing technologies. It has also been 
demonstrated that plant proteins function not only as nu-
trient carriers but as structural and functional components 
in modern food matrices [8], reinforcing the importance of 
improving their qualitative characteristics.

Despite the high nutritional potential of mung bean, the 
bioavailability of its proteins in the native form remains lim-
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– to identify the most suitable germination time based on 
amino acid levels;

– to assess the potential use of sucrose-treated sprouts as 
a protein ingredient for functional beverages.

4. Materials and methods

4. 1. The object and hypothesis of the study
The study was based on a functional beverage made from 

sprouted mung bean seeds. The results were used to improve 
its protein quality.

It was expected that adding sucrose during germination 
would increase amino acid content compared to germina-
tion in water. This assumption was based on the idea that 
sucrose may influence internal biochemical processes in 
the seed.

The sprouting device was assumed to provide stable 
conditions, including temperature and humidity, which 
are important for enzyme activity. The selected sucrose 
concentration (2%) was chosen as a level that could affect 
metabolism without interfering with sprout growth.

The experiments were carried out under simplified 
conditions. Germination was performed at a constant 
temperature without changing environmental parameters. 
Microbial effects were not taken into account, and no 
microorganisms were added. The analysis focused only 
on amino acid composition, without considering other 
properties.

4. 2. Raw material
Mung bean seeds (Vigna radiata L., cv. Zhasyl dän) were 

obtained from a local supplier. Seeds were sorted to remove 
damaged or immature units. The initial moisture content 
was 11–12%.

4. 3. Germination procedure
Germination was done using a household sprouting ma-

chine (China). It allows to control temperature (10–35°C), 
keep high humidity (up to 90%), and supply water automat-
ically.

Two groups were used:
– control – seeds with distilled water;
– treatment – seeds with 2% sucrose solution (prepared in 

distilled water).
Before starting, the seeds were washed for a 2–3 minutes 

and then soaked in water (1:3 ratio).
The germination lasted 72 hours. Samples were taken at 

the beginning (0 h), and then after 24, 48, and 72 hours. In 
total, seven samples were collected for further analysis.

During germination, the seeds were rinsed by hand every 
8–12 hours. In the treatment group, the sucrose solution was 
added again after each rinsing.

4. 4. Sample preparation
After each stage, the sprouts were washed and lightly 

dried with paper. Then they were labeled and sent to a labo-
ratory in Almaty for analysis.

4. 5. Amino acid determination
Amino acids were measured using standard laboratory 

methods. The samples were first treated with acid, then ex-
tracted, and after that analyzed.

The analysis was done using HPLC with fluorescence de-
tection. A standard column and usual conditions were used. 
The results were calculated as mg per 100 g of dry weight.

4. 6. Statistical analysis
All measurements were done three times. The results are 

shown as average values with standard deviation.
Data processing and graphs were made using GraphPad 

Prism (GraphPad Software, USA).

4. 7. Supplementary materials
The full protocol is available in Zenodo [15]. It includes 

detailed information about sample preparation, analysis 
steps, and amino acid data.

5. Results of metabolic modulation of amino acid 
composition during sprouting 

5. 1. Dynamics of total amino acid content during 
sprouting under metabolic modulation

Germination of Vigna radiata seeds led to a consistent 
increase in total amino acid content across all samples. In the 
control (0 h), the total amino acid pool was 21,539 mg/100 g DW.

In seeds germinated without sucrose, values increased to 
23,471 mg/100 g DW (24 h) and peaked at 25,956 mg/100 g 
DW (48 h), followed by a slight decrease at 25,166 mg/100 g 
DW (72 h).

Sucrose supplementation produced higher values at all 
stages: 23,995 mg/100 g DW (24 h), 26,656 mg/100 g DW 
(48 h), and 25,758 mg/100 g DW (72 h).

These trends are illustrated in Fig. 1.
The general pattern of carbohydrate-stimulated amino 

acid accumulation during germination is consistent with 
earlier observations in legume bioprocessing.

A detailed profile of individual amino acids across all 
samples is provided in Table 1.

Table 1

Amino acid composition of mung bean seeds under different germination conditions (mg/100 g)

Amino acid Control (0 h) No sugar (24 h) No sugar (48 h) No sugar (72 h) With sugar (24 h) With sugar (48 h) With sugar (72 h)
1 2 3 4 5 6 7 8

Aspartic acid + Asparagine 2658 2875 3245 3142 2938 3315 3213
Threonine 605 654 714 708 668 729 724

Serine 1142 1248 1397 1297 1275 1428 1326
Glutamic acid + Glutamine 3966 4324 4760 4643 4417 4916 4743

Glycine 725 799 879 839 816 898 857
Alanine 853 939 1049 1069 959 1071 1091
Valine 1178 1299 1430 1379 1350 1459 1408

Methionine 278 299 329 324 306 337 332
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5. 2. Effect of metabolic modulation on non-essen-
tial amino acid composition during sprouting

Non-essential amino acids represented the largest frac-
tion of the amino acid profile. Glutamic acid + glutamine 
increased from 3966 to 4916 mg/100 g (48 h, sucrose). Glu-
tamate enrichment is a known indicator of storage protein 
breakdown during germination [16].

Aspartic acid + asparagine increased from 2658 to 
3315 mg/100 g. Arginine rose from 1679 to 2040 mg/100 g. 
Similar arginine increases have been reported in legume-based 
systems. Tyrosine increased from 699 to 857 mg/100 g.

Alanine, glycine, serine, and proline showed increases 
of 22–26%, consistent with reported nitrogen remobilization in 
early sprouting. Cysteine exhibited the smallest increase but 
still rose by ≈23%. A heat map of all amino acids under differ-
ent germination conditions is shown in Fig. 2.

Overall, the heatmap visualization confirms that 
sucrose supplementation intensified the accumulation 
of most non-essential amino acids, particularly glu-
tamic and aspartic acid derivatives, which are closely 
associated with active nitrogen remobilization during 
sprouting. The pronounced increase at 48 h indicates 
that this period corresponds to the highest metabolic  
activity. 

5. 3. Identification of the metabolically optimal 
sprouting duration

Amino acid levels peaked at 48 h, after which a minor 
decline (3–5%) was observed. This metabolic transition re-
flects the shift from proteolysis to biosynthetic incorporation 
typical of late germination stages (Fig. 3).

 Changes in selected amino acids (Glu + Gln, Leu + Ile, 
Valine, and Tryptophan) during germination of mung bean 
seeds under control conditions and in the presence of 2% su-
crose. Data points represent experimental values; solid lines 
indicate linear regression.

Linear regression equations and coefficients of determi-
nation (R2) are as follows:

– Glu+Gln (No sucrose): 

y = 10.28x + 4053, R2 = 0.7995;	 (1)

– Glu+Gln (Sucrose): 

y = 11.79x + 4086, R2 = 0.7646;	 (2)

– Leu+Ile (No sucrose): 

y = 7.633x + 2964, R2 = 0.7882;	 `(3)

– Leu+Ile (Sucrose): 

y = 9.179x + 2987, R2 = 0.7392;	 (4)

– Valine (No sucrose): 

y = 3.058x + 1211, R2 = 0.7446;	 (5)

– Valine (Sucrose): 

y = 3.329x + 1229, R2 = 0.7121;	 (6)

– Tryptophan (No sucrose): 

y = 0.4000x + 210.1, R2 = 0.5753;	 (7)

 

 
  

Fig. 1. Total amino acid content during sprouting

1 2 3 4 5 6 7 8
Leucine + Isoleucine 2895 3170 3493 3398 3233 3654 3489

Tyrosine 699 758 839 789 775 857 806
Phenylalanine 1486 1604 1798 1727 1642 1836 1796

Lysine 1523 1652 1799 1779 1688 1838 1816
Histidine 618 680 748 711 694 765 724
Arginine 1679 1829 1996 1927 1867 2040 1969
Proline 956 1042 1149 1121 1061 1173 1142

Cysteine 73 79 87 84 82 90 87
Tryptophan 205 220 244 229 224 250 235

Note: values are presented as mean concentrations (mg/100 g dry weight). Control (0 h) – unfermented seeds; “No sugar” – germination without 
sucrose; “With sugar” – germination with 2% sucrose.

Continuation of Table 1

 

 
  

Fig. 2. Heatmap of amino acid composition during mung 	
bean germination
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– Tryptophan (Sucrose): 

y = 0.4833x + 211.1, R2 = 0.6247.	 (8)

In all samples, amino acid levels increased up to 
48 hours. After that, a slight decrease of about 3–5% was 
observed. This likely happens because, after active protein 
breakdown, amino acids begin to be used for the formation 
of new compounds.

The data in Fig. 3 show that the highest amino acid con-
tent is reached at 48 hours. This suggests that this time can 
be considered the most suitable duration for germination.

5. 4. Integrated effect of sucrose supplementation 
on amino acid profile

When sucrose was added, the total amino acid content 
increased by about 13–25% compared to the control. At the 
same time, the balance between essential and non-essen-
tial amino acids remained largely unchanged.

The increase was most noticeable for glutamate and as-
partate, which are linked to umami taste. Levels of import-
ant amino acids such as lysine, tryptophan, and arginine 
also became higher.

The amino acid composition after 48 hours of germina-
tion is shown in Fig. 4.

Fig. 4. Amino acid profile at 48h with and without sucrose

Overall, sucrose supplementation exerted a clear stim-
ulatory effect on amino acid metabolism during germi-

nation without altering the relative balance between 
essential and non-essential amino acids. The selective 
increase in glutamate and aspartate levels suggests in-
tensified nitrogen remobilization and may contribute to 
improved sensory characteristics, while elevated levels of 
lysine, tryptophan, and arginine highlight the nutritional 
relevance of metabolic modulation for functional food 
applications. 

6. Discussion of the effect of sucrose-
modulated germination on amino acid 

accumulation in mung bean seeds

Germination of mung bean seeds led to a 
steady increase in total amino acid content. 
When sucrose was added, this increase became 
more pronounced. As shown in Fig. 1 and Ta-
ble 1, amino acids accumulated over time and 
reached their highest values at 48 hours.

This can be explained by what happens 
inside the seed during germination. Enzymes 
become active first, then storage proteins be-
gin to break down, and free amino acids are 

released. Similar changes have been reported earlier for 
other legumes.

The largest increases were seen for glutamic and 
aspartic acids. Their levels rose by about 23–25% with 
sucrose (Table 1, Fig. 2). These amino acids are directly 
involved in nitrogen metabolism, so their growth reflects 
higher metabolic activity. In simple terms, the seed is 
actively using and processing its internal reserves. Com-
parable patterns have also been described in other studies 
on germinated legumes.

Overall, the increase in amino acids follows the same 
trend reported in earlier work, where enzyme activation 
leads to protein breakdown and release of amino acids [17]. 
However, in this study the effect was stronger when 
sucrose was present. Both essential and non-essential 
amino acids showed a more noticeable increase compared 
to germination in water. This suggests that sucrose may 
influence metabolic processes, not just serve as an energy 
source.

A similar effect was observed for essential amino ac-
ids. Lysine, valine, leucine, and isoleucine all increased in 
the presence of sucrose (Fig. 4). One possible explanation 
is that additional carbohydrates provide more carbon for 
amino acid synthesis. As a result, the seed can form amino 
acids more actively. Similar relationships between carbo-
hydrate availability and amino acid formation have been 
reported for legumes.

The increase in tryptophan supports this explanation. 
Taken together, the results suggest that sucrose can affect 
metabolic activity during germination. Earlier studies 
mainly focused on antioxidant properties and bioactive 
compounds [18], while here the main focus was on chang-
es in amino acids over time. This helps to better under-
stand how simple factors like carbohydrate availability can 
influence protein quality.

More detailed data show that all essential amino acids 
increased during germination, with the highest values 
observed at 48 hours. For example, lysine increased from 
1,523 mg/100 g at 0 h to 1,799 mg/100 g after 48 hours in 

 

 
  

Fig. 3. Dynamics of selected amino acids during mung bean germination
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water, and to 1,838 mg/100 g with sucrose. This supports 
the idea of more active protein breakdown during germi-
nation.

Valine increased from 1,178 to 1,430–1,459 mg/100 g, 
while leucine + isoleucine increased by approximate-
ly 26%, reaching up to 3,654 mg/100 g in sucrose-treated 
samples. Methionine rose from 278 to 337 mg/100 g, and 
tryptophan increased from 205 to 250 mg/100 g.

The increase in tryptophan is consistent with previ-
ously reported trends in sprouted legumes under carbo-
hydrate-enriched conditions [19]. Overall, these changes 
reflect active metabolic mobilization rather than shifts in 
amino acid proportions.

A notable result was the accumulation of arginine, 
which increased by more than 20% under sucrose supple-
mentation (Table 1). Given its function as a major nitrogen 
storage and transport amino acid in germinating seeds, 
this increase indicates intensified nitrogen redistribution, 
consistent with earlier observations in germination -based 
studies on legume matrices.

Analysis of temporal dynamics showed that amino 
acid concentrations peaked at 48 h of germination (Fig. 3), 
followed by a minor decline of 3–5%. This decrease likely 
reflects a metabolic shift from intensive proteolysis to 
the incorporation of amino acids into newly synthesized 
proteins or secondary metabolites, confirming 48 h as a 
metabolically optimal stage for amino acid enrichment.

In addition to nutritional enhancement, sucrose sup-
plementation increased glutamate and aspartate levels, 
which are associated with umami taste perception. Similar 
biochemical changes have been linked to improved sen-
sory properties in germinated mung bean products [20], 
suggesting potential benefits for flavor development in 
plant-based formulations.

From a technological perspective, the absence of visible 
spoilage during 72 h of germination and the maintenance 
of metabolic activity under sucrose-modulated conditions 
suggest acceptable process stability under the tested condi-
tions (Fig. 1–3). Such effects have been associated with mild 
germination conditions that suppress undesirable microflora 
while supporting beneficial metabolic transformations, which 
is relevant for simple and household-scale sprouting systems.

This study has several limitations. First, the experi-
ments were done only at laboratory scale, and no micro-
organisms were used. The analysis was focused only on 
amino acids. Other important changes, such as organic 
acids or pH, were not measured. In addition, no sensory 
evaluation was carried out, so it is not clear how the prod-
uct would be perceived by consumers.

These points can be improved in future work. It would 
be useful to include more types of analysis, both chemical 
and sensory. Also, it makes sense to study other metabolic 
indicators and not only amino acids. Further studies could 
test different carbohydrates, apply the method to other le-
gumes, and check how stable the results are at larger scale.

At the same time, the results show that using sucrose 
during germination is a simple and effective way to in-
crease amino acid content in mung bean. This approach 
can be useful for developing functional ingredients. It may 
also be applied in the production of functional beverages 
with a more controlled amino acid composition. Overall, 
this method looks practical and does not require complex 
technologies.

7. Conclusions

1. Germination of mung bean seeds led to a clear in-
crease in total amino acid content over time. In the control 
group, the value reached 25,956 mg/100 g dry weight. This 
shows that even without additional treatment, germina-
tion itself improves amino acid availability due to enzyme 
activity and breakdown of storage proteins. 

2. Non-essential amino acids changed differently 
during sprouting. Glutamic and aspartic acids increased by 
about 23–25%, while arginine increased by more than 20%. 
This reflects active nitrogen metabolism during the process. 

3. The results show that 48 hours is the most effec-
tive time for germination. After that, a slight decrease 
(about 3–5%) in total amino acids was observed. Most 
likely, this happens because amino acids start being used 
to form new proteins and other compounds. 

4. When sucrose was added, amino acid content increased 
by 13–25%. This confirms that such sprouts can be used as a 
protein source in functional beverages. The method is simple, 
can be scaled, and does not require microorganisms. 

Conflict of interest

The authors declare that they have no conflict of inter-
est in relation to this study, whether financial, personal, 
authorship or otherwise, that could affect the study and its 
results presented in this paper.

Financing

This study received no external funding and was 
carried out at the personal expense of the first author,  
Aliya A. Makenova. 

Data availability

Manuscript has associated data in a data repository. 
Data confirming the results of this study are available in 
the Zenodo repository at the following link: https://doi.org/ 
10.5281/zenodo.15094675.

Use of artificial intelligence tools

The authors declare the limited use of artificial intelli-
gence tools during the preparation of the manuscript.

The AI tool used was ChatGPT (OpenAI, GPT-4 series).
Artificial intelligence was applied exclusively for lan-

guage editing and stylistic refinement of the manuscript, 
including improvement of academic English, clarification of 
sentence structure, and enhancement of text coherence in the 
Introduction, Results, Discussion, and Conclusion sections.

All scientific content, including experimental design, data 
acquisition, data analysis, interpretation of results, tables, fig-
ures, and conclusions, was developed exclusively by the authors.

The authors carefully reviewed, verified, and edited all 
AI-assisted text to ensure scientific accuracy, consistency 
with the experimental data, and compliance with journal 
requirements.



Technology and Equipment of Food Production

61

The use of artificial intelligence did not influence the sci-
entific conclusions of the study, which are fully based on ex-
perimentally obtained results and the authors’ own analysis.

Acknowledgements

The study was conducted within the framework of the 
Scientific Program BR22883587 “Improvement and devel-
opment of high-tech technologies for deep processing of 

agricultural raw materials to strengthen the food security 
of the Republic of Kazakhstan.”

Authors’ contributions

Aliya A. Makenova: Investigation; Saltanat J. Mus-
sayeva:  Supervision; Dina R. Dautkanova: Project ad-
ministration; Zhibek K. Ussembayeva: Methodology; 
Nurlan B. Dautkanov: Data Curation.

References 

1.	 Day, L., Cakebread, J. A., Loveday, S. M. (2022). Food proteins from animals and plants: Differences in the nutritional and functional 
properties. Trends in Food Science & Technology, 119, 428–442. https://doi.org/10.1016/j.tifs.2021.12.020 

2.	 The State of Food Security and Nutrition in the World 2024 (2024). FAO. https://doi.org/10.4060/cd1254en 
3.	 Aguirre-Garcia, Y. L., Nery-Flores, S. D., Campos-Muzquiz, L. G., Flores-Gallegos, A. C., Palomo-Ligas, L., Ascacio-Valdés, J. A. 

et al. (2024). Lactic Acid Fermentation in the Food Industry and Bio-Preservation of Food. Fermentation, 10 (3), 168. https:// 
doi.org/10.3390/fermentation10030168 

4.	 Elhalis, H., See, X. Y., Osen, R., Chin, X. H., Chow, Y. (2023). Significance of Fermentation in Plant-Based Meat Analogs: A Critical 
Review of Nutrition, and Safety-Related Aspects. Foods, 12 (17), 3222. https://doi.org/10.3390/foods12173222 

5.	 Martineau-Côté, D., Achouri, A., Karboune, S., L’Hocine, L. (2022). Faba Bean: An Untapped Source of Quality Plant Proteins and 
Bioactives. Nutrients, 14 (8), 1541. https://doi.org/10.3390/nu14081541 

6.	 Tarahi, M. (2024). The Potential Application of Mung Bean (Vigna radiata L.) Protein in Plant‐Based Food Analogs: A Review. Legume 
Science, 6 (4). https://doi.org/10.1002/leg3.70011 

7.	 Hadidi, M., Hossienpour, Y., Nooshkam, M., Mahfouzi, M., Gharagozlou, M., Aliakbari, F. S. et al. (2023). Green leaf proteins: a 
sustainable source of edible plant-based proteins. Critical Reviews in Food Science and Nutrition, 64 (29), 10855–10872. https:// 
doi.org/10.1080/10408398.2023.2229436 

8.	 Kong, Y., Jing, L., Huang, D. (2022). Plant proteins as the functional building block of edible microcarriers for cell-based meat culture 
application. Critical Reviews in Food Science and Nutrition, 64 (15), 4966–4976. https://doi.org/10.1080/10408398.2022.2147144 

9.	 Yang, R., Zhu, L., Meng, D., Wang, Q., Zhou, K., Wang, Z., Zhou, Z. (2021). Proteins from leguminous plants: from structure, property 
to the function in encapsulation/binding and delivery of bioactive compounds. Critical Reviews in Food Science and Nutrition,  
62 (19), 5203–5223. https://doi.org/10.1080/10408398.2021.1883545 

10.	 Amaral, A. L., Ferreira, E. S., Silva, M. A., Neves, V. A., Demonte, A. (2017). The Vicilin protein (Vigna radiata L.) of mung bean as a 
functional food. Nutrition & Food Science, 47 (6), 907–916. https://doi.org/10.1108/nfs-05-2017-0089 

11.	 Siriparu, P., Panyatip, P., Pota, T., Ratha, J., Yongram, C., Srisongkram, T. et al. (2022). Effect of Germination and Illumination on 
Melatonin and Its Metabolites, Phenolic Content, and Antioxidant Activity in Mung Bean Sprouts. Plants, 11 (21), 2990. https:// 
doi.org/10.3390/plants11212990 

12.	 Arbab Sakandar, H., Chen, Y., Peng, C., Chen, X., Imran, M., Zhang, H. (2021). Impact of Fermentation on Antinutritional Factors 
and Protein Degradation of Legume Seeds: A Review. Food Reviews International, 39 (3), 1227–1249. https://doi.org/10.1080/87559
129.2021.1931300 

13.	 Nkhata, S. G., Ayua, E., Kamau, E. H., Shingiro, J. (2018). Fermentation and germination improve nutritional value of cereals and 
legumes through activation of endogenous enzymes. Food Science & Nutrition, 6 (8), 2446–2458. https://doi.org/10.1002/fsn3.846 

14.	 Kponouglo, K., Kouba, M., Good, M., Grosset, N., Aichaoui, L., Gagnaire, V. et al. (2025). Sprouted grains fermentation: a 
comprehensive review of current knowledge, benefits, challenges, and perspectives. Systems Microbiology and Biomanufacturing,  
5 (4), 1395–1414. https://doi.org/10.1007/s43393-025-00366-z 

15.	 Makenova, A., Mussayeva, S. (2025). Amino Acid Profiles of Sprouted Mung Bean (Vigna radiata) Under Fermentation Conditions. 
Zenodo. https://doi.org/10.5281/zenodo.15094675

16.	 Monerri, C., Garcia‐Luis, A., Guardiola, J. L. (1986). Sugar and starch changes in pea cotyledons during germination. Physiologia 
Plantarum, 67 (1), 49–54. https://doi.org/10.1111/j.1399-3054.1986.tb01261.x 

17.	 Wu, H., Rui, X., Li, W., Chen, X., Jiang, M., Dong, M. (2015). Mung bean (Vigna radiata) as probiotic food through fermentation with 
Lactobacillus plantarum B1-6. LWT - Food Science and Technology, 63 (1), 445–451. https://doi.org/10.1016/j.lwt.2015.03.011 

18.	 Liang, Z., Sun, J., Yang, S., Wen, R., Liu, L., Du, P. et al. (2022). Fermentation of mung bean milk by Lactococcus lactis: Focus on 
the physicochemical properties, antioxidant capacities and sensory evaluation. Food Bioscience, 48, 101798. https://doi.org/10.1016/ 
j.fbio.2022.101798 

19.	 Wei, Y., Wang, X., Shao, X., Xu, F., Wang, H. (2019). Sucrose treatment of mung bean seeds results in increased vitamin C, total phenolics, 
and antioxidant activity in mung bean sprouts. Food Science & Nutrition, 7 (12), 4037–4044. https://doi.org/10.1002/fsn3.1269 

20.	 Xue, Y., Chen, J., Wang, L., Wang, Y., Xu, F. (2024). Exploring the flavor changes in mung bean flour through Lactobacillus fermentation: 
insights from volatile compounds and non‐targeted metabolomics analysis. Journal of the Science of Food and Agriculture, 104 (12), 
7238–7248. https://doi.org/10.1002/jsfa.13545 


