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Abstract
Functional foods, which are characterized by therapeutic and prophylactic properties, are becoming increasingly popular in most countries
around the world, as they provide the human body not only with essential nutrients, but also with necessary biologically active supplements.
Among them, flavonoids play an important role. They belong to the group of polyphenols and are characterized by antioxidant, anticancer,
hepatoprotective, and antisclerotic activity. Analysis of a large number of soybean collection samples showed that the flavonoid content in seeds
significantly depends on the color of their seed coat. In yellow-seeded genotypes, their content varies between 70-100 pg/g, and in black-seeded
genotypes, between 250-300 pg/g. Significant variability in flavonoids has also been observed over the years.
Keywords: Polyphenols; Flavonoids; Antioxidant activity; Nutritional qualities; Black soybeans
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Introduction

Legumes play a crucial role in the nutritional balance of our
planet. They provide millions of people with a balanced diet,
especially in developing countries. Consuming dishes made from
the seeds of this group of crops helps improve immunity, regulates
the normal functioning of the gastrointestinal tract, and has a
beneficial effect on maintaining body weight, which allows you to
keep a beautiful figure and prevent premature aging. Their main
value lies in their high protein content, which is characterized
by a balanced composition of essential aminoacids, ensuring
healthy nutrition for humans and feeding farm animals and
poultry. The significant increase in the population of our planet
requires constant growth in food production. While in 1950 the
population of the planet Earth was 2.5 billion, in 1970 it reached
3.7 billion, and in 2010 - 6.9 billion. According to forecasts, in 2050
there will be 9.15 billion people living on Earth. Global warming,
a decrease in the amount of quality water for irrigation, and a
reduction in agricultural land as a result of urbanization will lead
to a significant food shortage, especially in developing countries.
The only way to overcome this is to reduce the production of meat

and dairy products and switch to plant-based foods that are not
inferior in nutritional value and, in some cases, are even better.

In addition to high-quality protein, legume seeds contain many
vitamins, minerals, and other biologically active compounds. A
particularly valuable component of their seeds is flavonoids-
compounds of a polyphenolic nature that have a preventive effect
on the cardiovascular system and oncological diseases, lower
blood pressure, inhibit platelet aggregation, prevent premature
aging, and help the body better adapt to environmental factors.
Today, 537 million people on our planet suffer from diabetes, and
by 2040, their number will grow to 783 million [1]. An increase
in such patients is particularly noticeable in developing countries.
Numerous studies have clearly demonstrated the preventive
effect of a plant-based diet with antidiabetic activity, which
reduces blood sugar levels, increases insulin secretion in the body,
regenerates pancreatic 3-cells, normalizes glycolysis in the liver,
and intensifies the flow of glucose into muscle tissue. Among the
100 plants recommended for the prevention and treatment of this
disease are chickpea, soybean, bean, pea, and vetch [1]. We believe
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that this group should be supplemented with such an extremely
important legume as lentils [2]. Diets that include the above-
mentioned crops not only help control diabetes but also promote
optimal body weight.

Polyphenols are a class of natural chemical compounds that
contain one or more phenolic groups (ring-shaped structures).
They are synthesized only by plant organisms and are
characterized by strong antioxidant activity [3]. These ingredients
are quite common in fruits, vegetables, and whole grains,
especially in legumes. In recent years, this group of substances has
been of great interest to physiologists, medical professionals, and
nutritionists due to the accumulation of new scientific information
about their positive effects on human health. Due to the presence
of a significant number of double bonds, they are carriers of
active oxygen and are intensively involved in redox processes as
antioxidants. In plants, they are most often found in the form of
glycosides.

Depending on the number of phenolic units in the polyphenol
molecule, hydroxyl groups, and the level of oxidation, they are
divided into the following groups: phenolic acids, flavonoids,
stilbenes, and lignins [4,5]. Phenolic acids are formed as a
result of microbial breakdown in the large intestine from more
condensed molecules [6]. The most studied are gallic, ellagic,
caffeic, chlorogenic, and rosmarinic acids. They serve as important
signaling molecules in the interaction of plants with microbial
organisms, improving nutrition and performing protective
functions [7].

Flavonoids are one of the most common and important groups
of polyphenols. Their biological role was discovered in 1936 by
Hungarian-born American biochemist and Nobel laureate Albert
de Sautard, who isolated them from red pepper and proved their
positive effect on the resistance of blood vessel walls to damage.
Depending on the level of heterocyclic oxidation, this group of
biologically active compounds includes the following classes of
substances: flavones, flavanols, isoflavones, flavanones, catechins,
anthocyanidins, leucoanthocyanidins, and chalcones [8]. Studies
show that flavonoids have a wide range of effects: they regulate
oxidative-reductive processes and the activity of enzymes and
receptors, have a positive effect on the capillary system, and
protect against stress, inflammation, viral, fungal, bacterial, and
carcinogenic diseases [9-11].

It should be noted that they play an active role in plant
metabolic functions, especially those related to the effects of
environmental stress factors and protection against harmful
organisms and diseases [12,13]. Flavonoids are regulators
of auxin metabolism, a hormone that regulates plant growth
processes. In small concentrations, growth is accelerated, and in
large concentrations, it is inhibited. Therefore, this physiologically
active substance is usually concentrated in growth points, buds,
and young leaves [11,13]. Anthocyanin glycosides, which belong
to this class of compounds, determine the diverse color of flowers,
as their molecules are capable of selectively absorbing a certain

spectrum of sunlight. A similar mechanism is also involved in
determining the color of fruits. Ultraviolet radiation induces
intense biosynthesis of flavonoids, especially quercetin and
isorhamnetin, which are characterized by an increased number of
OH groups. But they are most beneficial as preventive substances
for maintaining a healthy vascular system by improving blood
circulation, increasing elasticity, and strengthening capillary walls,
which helps prevent atherosclerosis, normalizes blood pressure,
and lowers low-density lipoprotein levels. Isoflavones are the
most accessible to the human body, while anthocyanins are much
less easily absorbed. In addition, all of these types of polyphenols
have antioxidant, anti-inflammatory, and anti-diabetic effects and
have a positive effect on reducing excess body weight in humans
[14].

It is important to note that, on average, each Japanese person
consumes 27.8 mg of isoflavones daily [15]. It is believed that
significant amounts of these biologically active substances have a
preventive effect on breast cancer in women and prostate cancer
in men [16-18]. Studies have shown that isoflavones neutralize
estrogens, which contribute to the development of cancerous
tumors. In the human body, bioactive compounds are converted
into phytoestrogens, which significantly reduce the activity of the
hormone estrogen, which is an activator of cancer cell division.
Thus, in the body, the hormone on the receptors of cancer cells
is replaced by a plant biocomponent similar in structure to it,
but with a significantly weaker effect. Under such circumstances,
cell division is significantly reduced. In addition, the formation
of capillaries and small vessels is also blocked, resulting in the
death of the tumor cell. Therefore, in countries where foods
rich in isoflavones, mainly soy, are consumed, cancer mortality
is significantly lower. For example, in China it is 5 times lower,
in Korea 10 times lower, and in Japan 4 times lower than in the
United States. In many Asian countries, about 80 mg of isoflavones
are consumed daily with food, while in the US, itis up to 5 mg.

It has been clearly proven that there are significantly more
isoflavones in hypocotyls than in cotyledons [19]. That is why it is
so important for health to consume young soybean sprouts.

The aim of our research was to determine the total amount
of flavonoids in the seeds of collection varieties and recombinant
soybean lines created by hybridizing parental forms that are
distinguished by their increased drought resistance. Our breeding
program also pays considerable attention to increasing protein
levels.

Flavonoids are the main phenolic components of legume seeds,
giving them their color and aroma. They are characterized by low
molecular weightand have two aromatic rings connected by a third
ring containing oxygen. This group includes anthocyanins (colored
components) and anthoxanthins (non-colored compounds). The
development of soybean varieties with improved nutritional
qualities is one of the most important areas of breeding. The value
of seeds increases significantly with an increase in protein and
phenolic components.
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Materials and Methods

The land of the Plant Breeding and Genetics Institute, where
the research was conducted, is located in the southern part of the
Black Sea lowlands, in the steppe zone of the Odessa region. The
relief is almost perfectly flat. The soil cover consists of southern
medium-humus high-loam chernozems on loess deposits. The
thickness of the humus layer is 40-50 cm, with a humus content
of 3.5-4.5%. The amount of available nutrients (in mg per 100 g
of soil) is 3-4 nitrogen, 10-15 P205, and 20-30 K20. The reaction
of the soil solution is neutral or slightly alkaline (pH of the salt
extract is 6.0-7.2).

The climatic conditions in the research area are moderately
warm, formed mainly under the influence of Atlantic and
Mediterranean air masses. The average annual air temperature
is +9.6°C, the sum of effective temperatures is 3300°C, and the
average annual precipitation is 430 mm. Winters are mild and
short. The coldest month is January, with an average long-term air
temperature of -2°C. Spring comes early, with temperatures rising
above +5°C in the second or third decade of March. Summers are
hot and long. During the summer, the soil loses moisture due to
high temperatures and low relative humidity, sometimes down
to 35-40%, which leads to frequent dry winds. The temperature
regime of the region does not limit the development of leguminous
crops, but arid conditions are usually accompanied by high
temperatures, which inhibit plant growth. The arid nature of the
climate is due not only to the lack of total precipitation (380-450
mm), but also to its uneven distribution throughout the growing
season.

The studies used collection varieties and recombinant stable
soybean breeding lines, which form the basis of our breeding
program. The area of the plots in the ecological test was 10 m?
with three replicates. The competitive test was also sown on the
same plots with five replicates.

The flavonoid content, extracted with 70% ethanol, was
determined based on their reaction with aluminum chloride
[20,21]. The amount of protein was determined by mineralizing
organic matter with concentrated sulfuric acid in the presence of a
catalyst [20]. Ammonia distillation was performed using a Kjeltec
Auto 1030 device.

Results and Discussion

Our soybean breeding program is aimed not only at increasing
yields in arid conditions, but also at improving the nutritional
quality of the seeds. This is because this crop is becoming
increasingly important as a raw material for the production of
functional foods with therapeutic and preventive properties.
Therefore, we constantly monitor the protein content in seeds at
all stages of the breeding process when creating new varieties,
and also analyze this component of seeds in a large volume of
the global gene pool in order to select high-protein genotypes for
hybridization. In addition, in recent years, a number of biologically

active substances, so-called minor food components, have been
found to play a significant role in human health, exerting a positive
therapeutic and prophylactic effect on the human body. These
compounds include a group of polyphenols, which are abundant
in legume seeds [22-25]. Reactive oxygen and nitrogen species,
which damage proteins, fats, and DNA in the body, are bound
and inactivated by natural antioxidants that come from food.
Numerous studies have shown that legumes are an important
source of these compounds.

Determining their content in soybeans, as well as other
biochemical analyses of seed quality, is very important when
selecting promising breeding lines. Knowledge of biochemical
indicators helps to identify varieties that will not only produce
high yields, but also high-quality seeds suitable for use both
for food and industrial production, including raw materials for
medical preparations.

We began assessing the flavonoid content of soybeans in
ecological and competitive trials in 2015. The analysis of seeds of
hybrid origin with different seed coat colors (yellow, black, and
brown) revealed significant variability in this indicator depending
on the year and genotype (Table 1).

In this study, the amount of flavonoids was estimated in 12
breeding lines with different seed colors, which were obtained by
crossing the collection variety Cobra, which has black seeds, with
the Ukrainian variety Yug 30 and the collection sample K-4937.
The recombinant lines had different seed color intensities, ranging
from yellow and light brown to completely black. This made it
possible to differentiate the amount of flavonoids depending on
the color of the seed coat. In black-seeded lines (5 pcs.), the total
amount of these compounds varied between 257.0-291.0 pg/g, in
light brown (2 pcs.) - 180.8-227.7, in red-brown (2 pcs.) - 212.3-
219.7, brown (1 pc.) - 165.1 pg/g. In the yellow-seeded line of this
hybrid combination, the amount of flavonoids was only 84.4 ng/g.
The results clearly indicate that the presence of pigments in the
seed coat contributes to an increased amount of flavonoids.

It is known that the biosynthesis of anthocyanin pigments and
flavonoidsin the soybean seed coatis controlled bylocil, T, W, R,and
0 [26]. Genotypes with dominant T and R alleles are characterized
by completely black seeds. The breeding lines carrying TrO alleles
are distinguished by their brown color. Different shades of brown
depend on the combination of the above loci in the dominant
and recessive states. The presence of the [ gene in the soybean
genotype inhibits the biosynthesis and accumulation of pigments,
resulting in the formation of yellow-colored seeds, while its
recessive allele leads to an even distribution of pigments in the
seed coat. Thus, by combining certain gene loci, it is possible to
regulate the biosynthesis of flavonoids in individual soybean
genotypes. For specific purposes, through targeted selection of
parents and repeated selections in early hybrid generations, it is
possible to create recombinant lines with an increased amount of
these compounds.
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Table 1: Flavonoid content in seeds of recombinant soybean lines with different seed coat colors.

Field No Colour Total flavonoid content, pg/g
2018 Breeding line
seed pubescence flower 2015 2016 2017 2018 average

26345 (K-4937 /Cobra) / Yug 30 light brown gray white 161,1 301,1 267,0 181,7 227,7
26347 (K-4937 /Cobra) / Yug 30 | reddish brown gray white 169,6 266,9 231,0 211,5 219,7
26348 (K-4937 /Cobra) / Yug 30 black absent purple 268,8 303,0 230,0 362,3 291,0
26351 (K-4937 /Cobra) / Yug 30 black absent purple 344,2 165,7 261,0 381,3 288,0
26353 (K-4937 /Cobra) / Yug 30 black red purple 316,2 167,9 225,0 337,7 261,7
26354 (K-4937 /Cobra) / Yug 30 | reddish brown gray white 205,1 208,3 187,0 248,9 212,3
26361 (K-4937 /Cobra) / Yug 30 yellow absent purple 115,8 79,5 59,0 83,3 84,4
26363 (K-4937 /Cobra) / Yug 30 brown absent white 139,0 221,1 170,0 130,4 165,1
26367 K-4937 /Cobra black absent purple 245,8 268,5 254,0 259,8 257,0
26370 (mﬂT"‘}\ig‘i‘r/ ZTOkyo) /| lightbrown | reddish gray purple 2863 | 1604 | 1360 | 1407 180,8

The flavonoid content in soybean collection samples was
studied in an ecological nursery (Table 2). Initially, it included a
large number of genotypes from different countries, but under our

Table 2: Flavonoid content in soybean varieties of ecological testing.

arid conditions, only varieties that tolerate temperature stress and
are capable of forming seeds at low soil moisture remained. These
are mainly varieties of Ukrainian breeding.

Total flavonoid content, pg/g
Variety
2015 2017 2018 2019 2020 2021 2022 average
Smolyanka 399,6 380,0 367,0 354,4 144,0 96,0 370,0 301,6
Oriana 209,3 243,0 136,0 114,1 54,0 25,0 120,0 128,8
Oksana 229,3 232,4 127,0 54,9 50,0 - 90,0 -
Farvater 150,4 180,0 175,0 111,3 53,0 - 130,0 -
Khutorianka 154,6 156,0 129,0 76,8 - - - -
Artemida 128,5 124,3 128,0 91,4 50,0 43,0 100,0 95,0
Mentor 176,9 70,0 120,0 93,9 - - - -
Ametyst 67,0 96,0 162,0 121,2 55,0 33,0 160,0 99,2
Melpomena 62,6 87,0 155,0 120,4 52,0 44,0 140,0 94,4
Medeya 61,0 82,3 159,0 109,1 47,0 28,0 160,0 92,3
Valuta 67,8 81,0 147,0 114,1 57,0 35,0 160,0 94,6
Znakhidka 55,9 95,0 89,0 121,2 47,0 34,0 - -
Taverna 35,5 81,3 130,0 111,4 53,0 29,0 190,0 90,0
[zumrudna 57,7 66,0 98,0 122,9 70,0 27,0 170,0 87,4
Feniks 50,0 70,0 98,0 126,4 72,0 32,0 120,0 81,2
Vasyl’kivska 54,0 64,0 84,0 121,5 56,0 36,0 100,0 73,6
Siaivo 56,1 67,0 91,0 95,5 58,0 31,0 190,0 84,0
average 118,6 127,9 140,9 121,2 61,2 37,9 157,1 118,2

In this nursery, the Smolyanka variety clearly stood out in
terms of flavonoid content, with an average of 301.6 pg/g of this
phytochemical in its seeds. A distinctive feature of this variety
is the black color of the seed coat. Thus, the results in Tables 1

and 2 indicate that the presence of anthocyanins in the seed coat
significantly affects the total amount of flavonoids. Similar results
have also been obtained by other scientists. The color of the seed
coat affects the level of flavonoids, isoflavones, and fatty acids in
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soybeans [27,28]. A study by Vietnamese scientists clearly showed
that the flavonoid content was strongly dependent on the color of
the seed coat, while there was a weaker correlation with the total
amount of phenolic compounds [29]. The color of the seeds did
not affect the protein content.

It should be noted that the content of this ingredient in the
seeds of yellow-seeded genotypes was also characterized by a
certain level of variability. For example, in the Oriana and Oksana
varieties, the amount of flavonoids exceeded 200 pg/g in some
years, which is a fairly high indicator. It is also necessary to note the

significant variability in flavonoid content over the years. Thus, in
the new Taverna variety, the amount of these compounds was 35.5
pg/gin 2015, 81.3in 2017, 130.0 in 2018, 111.4 in 2019 - 111.4,
and an average of 90.0 pg/g over 7 years. The Smolyanka variety,
which is distinguished by its high flavonoid content, showed the
following variability over the years: 2017 - 380 ug/g, 2018 - 367.0,
2019 -354.4,2020 - 144.0,2021 - 96.0, 2022 - 370.0 pg/g.

The variability in the amount of flavonoids in the recombinant
lines of the competitive trial is shown in Table 3.

Table 3: Flavonoid content in recombinant soybean lines of the competitive trial (2017-2021).

Total flavonoid content, pg/g
Plot No Origin
2017 2018 2019 2020 2021 average

Siaivo, standard 65,0 93,0 111,4 58,0 47,0 74,9
102/18 Hybrid 905 / Senhae Ne 20 128,0 180,0 111,5 74,0 38,0 106,3
105/18 Hybrid 905 / Senhae N2 20 89,0 174,0 1318 50,0 31,0 95,2
120/18 Volgogradka/ Montreal 79,0 114,0 129,8 70,0 30,0 84,6
145/18 J129/91 /]1892/94 50,0 109,0 153,3 - - -
108/18 Evans/ J1 21-22 (Serenada) 61,0 131,0 103,1 62,0 35,0 78,4
119/18 Breeding No11217/95 90,0 103,0 98,0 57,0 41,0 77,8
149/18 Hybrid 905 / Senhae Ne 20 64,0 98,0 115,5 68,0 40,0 77,1
118/18 Hybrid 905 / Senhae N2 20 62,0 94,0 117,8 76,0 41,0 78,2
109/18 Ioshioka dairynu / Palmira 58,0 104,0 106,8 29,0 37,0 66,9
111/18 Hybrid 905 / Senhae N2 20 86,0 113,0 - - 45,0 -

Since all recombinant lines in this nursery were characterized
by yellow seed coat color, the content of this component varied
to a lesser extent compared to Table 1. The seeds of the standard
variety Syaivo contained 74.9 ug/g of flavonoids, and most lines
contained approximately the same amount. Only recombinant
lines No. 102/18 and No. 105/18 stood out with an increased
amount. In the first of these, the flavonoid content exceeded 100
pg/g in three out of five years, and in the second, in two years.
A number of studies have shown that the amount of isoflavones
in soybean plants is highly variable. Thus, when analyzing 200
collection forms of different origins, the range of variability of
this indicator was 520.30-7000.91 and 1999.96-6448.99 ng/g for
recombinant lines [30]. Approximately the same data were also
observed in other studies [31-33]. Despite this, the heritability
coefficient was quite high - 0.47-0.67 for collection samples
and 0.54-0.71 for recombinant lines. These indicators testify to
the important role of genetic factors in increasing the level of
isoflavones in soybean seeds [30]. These authors identified 37 loci
(QTL) that control 4 isoflavones in recombinant lines.

It has been established that the metabolic processes occurring
in seeds also significantly depend on their size [34-36]. Studies
show that genetic characteristics of a variety account for 83% of
the variability in protein content in seeds [37]. In this regard, it

is important to constantly search for valuable genotypes among
global collections, which are continuously maintained by a number
of research institutions around the world. Today, this is the most
effective approach in breeding work.

In recent years, interest in bioactive plant compounds has
grown significantly due to their potential use as functional products
in the food industry. For this purpose, grains, seeds, or individual
plantorgans are used in food, as well as in the form of concentrated
solutions and food additives. They are extracted using a number
of solvents [38-41]. This requires specific varieties, the seeds of
which will serve as raw materials for the extraction of functional
components. Black-seeded varieties are just right for this kind
of production. In addition, it has been found that flavonoids and
tannins are also easily soluble in water [42,43]. Legume seeds
are usually used for food after soaking and boiling. A number of
studies have shown that during cooking, high temperatures and
moisture reduce the level of phenolic components [44-46]. When
there is a significant amount of phenolic acids in the environment,
they interact with the macromolecules that are next to them [47].
It is important to note that after boiling, the amount of phenolic
compounds in the cotyledons was significantly higher than in the
skin [42]. This situation can be explained by the fact that during
the swelling period of the seeds, the active ingredients of the skin
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migrate mainly to the cotyledons. In addition, during extraction
and processing, phenolic compounds react with other molecules,
especially co-pigments, organic acids, and metals, and form more
complex associations with each other [48, 49]. When exposed
to high temperatures during the preparation of certain dishes,
the amount of free and bound phenolic components decreases
significantly, while more complex structures are broken down into
simpler ones [42,47].

Thus,
conditions, characterized by high temperatures during the
growing season and insufficient moisture in the soil, the total
flavonoid content in yellow-seeded genotypes ranges from 70 to
100 pg/g. The increased level of total flavonoids in black-seeded
genotypes is mainly due to the biosynthesis of proanthocyanidins
and anthocyanins in the seed coat [50].

the studies conducted indicate that under our

In vitro studies have shown that a small amount of phenolic
compounds is absorbed in the small intestine [42]. However, the
rest of them enter the large intestine, where they perform an
important prebiotic function, i.e. they serve as a substrate for
beneficial microorganisms [51,52]. Thus, there is no significant
loss of these extremely important food components during
digestion. These studies also showed that the absorption of
phenolic compounds from the skin and cotyledons of legumes in
humans is the same.

Conclusion

Evaluation of a large number of collection samples and
recombinant soybean lines showed that seed coat color
significantly affects the amount of flavonoids in seeds. In the
black-seeded Smolyanka variety and black-seeded recombinant
lines, the content of this ingredient was 250-300 ug/g, while in
yellow-seeded genotypes it was 70-100 pg/g. To obtain flavonoids
from soybeans, black-seeded genotypes must be used.

References

1. Ansari P, Khan JT, Chowdhury S, Reberio AD, Kumar S, et al. (2024)
Plant-Based Diets and Phytochemicals in the Management of Diabetes
Mellitus and Prevention of Its Complications: A Review. Nutrients
16(21): 3709.

2. Sichkar VI, Krivenko Al, Solomonov RV (2020) Lentil: important source
of dietary protein for human nutrition. Ethnobotanical traditions
in agronomy, pharmacy and garden design. Proc. Third Internat. Sci.
Conf,, dedicated Internat. year plant health. Uman, pp. 291-300.

3. Singla RK, Dubey AK, Garg A, Sharma RK, Fiorino M, et al. (2019)
Natural Polyphenols: Chemical Classification, Definition of Classes,
Subcategories, and Structures. Journal of AOAC International 102(5):
1397-1400.

4. Han X, Shen T, Lou H (2007) Dietary Polyphenols and Their Biological
Significance. International Journal of Molecular Sciences 8(9): 950-
988.

5. Srivastava A, Akoh CC, Yi W, Fischer ], Krewer G (2007) Effect of
storage conditions on the biological activity of phenolic compounds of
blueberry extract packed in glass bottles. Journal of agricultural and
food chemistry 55(7): 2705-2713.

6. Jaganath IB, Mullen W, Edwards CA, Crozier A (2006) The relative
contribution of the small and large intestine to the absorption and
metabolism of rutin in man. Free Radical Research 40(10): 1035-1046.

7. Qi G, Chen ], Chang M, Chen H, Hall K, et al. (2018) Pandemonium
Breaks Out: Disruption of Salicylic Acid-Mediated Defense by Plant
Pathogens. Molecular plant 11(12): 1427-1439.

8. Makarenko OA, Levitskiy AP (2013) Physiological function of flavonoids
in plants. Physiology and Biochemistry of Cultivated Plants 45(2): 100-
112.

9. Levitskiy AP (2004) Bioflavonoids as modulators of estrogenic and
osteogenetic activity. News of Pharmacology and Pharmacy 2: 2-4.

10. Levitskiy AP, Makarenko OA, Sukmanskiy OI (2002) Phytoestrogens
(biochemistry, pharmacology, using in the medicine). Odessa. Sailor, p.
95.

11.Parr AJ, Bolwell GP (2000) Phenols in the plant and in man. The
potential for possible nutritional enhancement of the diet by modifying
the phenols content or profile. ] Sci Food Agric 80(7): 985-1012.

12.Khodakov 1V, Makarenko OA, Levitskiy AP, Sichkar VI (2014) The
peculiarities of soybean cultivars of Ukrainian breeding for content of
polyphenols in the leaves. Plant physiology and genetics 46(1): 27-36.

13.Andersen OM, Markham KP (2005) Flavonoids:
Biochemistry and Application. NY, CRC Press, ppp. 1256.

Chemistry,

14. Moreno-Valdespino CA, Luna-Vital D, Camacho-Ruiz RM, Mojica
L (2020) Bioactive proteins and phytochemicals from legumes:
Mechanisms of action preventing obesity and type-2 diabetes. Food
Research International 130: 108905.

15.Nakamura Y, Tsuji S, Tonogai Y (2000) Determination of the Levels
of Isoflavonoids in Soybeans and Soy-Derived Foods and Estimation
of Isoflavonoids in the Japanese Daily Intake. Journal of AOAC
INTERNATIONAL 83(3): 635-650.

16.Chang EC, Charn TH, Park SH, Helferich WG, Komm B, et al. (2008)
Estrogen Receptors alpha and beta as determinants of gene
expression: influence of ligand, dose, and chromatin binding. Molecular
endocrinology (Baltimore, Md.) 22(5): 1032-1043.

17.Yan L, Spitznagel EL (2009) Soy consumption and prostate cancer risk
in men: a revisit of a meta-analysis. The American journal of clinical
nutrition 89(4): 1155-1163.

18. Andres S, Abraham K, Appel KE, Lampen A (2011) Risks and benefits
of dietary isoflavones for cancer. Critical reviews in toxicology 41(6):
463-506.

19. Artigot MP, Daydé ], Berger M (2013) Expression of Key Genes of the
Isoflavonoid Pathway in Hypocotyls and Cotyledons during Soybean
Seed Maturation. Crop Science 53(3): 1096-1108.

20. Molodchenkova 00, Sichkar VI, Lavrova HD, Beskrovna L Ya (2025) The
evaluation of the soybean breeding material for biochemical indices
that characterized of the seed quality. Plant breeding and Genetics
Institute. Odesa. Astroprint. P. 36.

2

—_

.Vasukova AN (2014) The study of content of total flavonoids in the
soybean seeds and seedlings. Agricultural Science and Agroindustrial
Complex 4: 9-13.

22.Padhi EMT, Liu R, Hernandez M, Tsao R, Ramdath DD (2017) Total
polyphenol content, carotenoid, tocopherol and fatty acid composition
of commonly consumed Canadian pulses and their contribution to
antioxidant activity. Journal of Functional Foods 38: 602-611.

23.Bessada SMF, Barreira JCM, Oliveira BPP (2019) Pulses and food
security: Dietary protein, digestibility, bioactive and functional
properties. Trends in Food Science & Technology 93: 53-68.

How to cite this article: Sichkar VI, Lavrova HD, Moldchenkova OO. Variability of Polyphenols in Seeds of Different Varieties and Recombinant Lines
of Soybean. Agri Res & Tech: Open Access J: Open Access J. 2025; 29(3): 556454. DOI: 10.19080/ART0AJ.2025.29.556454


http://dx.doi.org/10.19080/ARTOAJ.2025.29.556454
https://pubmed.ncbi.nlm.nih.gov/39519546/
https://pubmed.ncbi.nlm.nih.gov/39519546/
https://pubmed.ncbi.nlm.nih.gov/39519546/
https://pubmed.ncbi.nlm.nih.gov/39519546/
https://pubmed.ncbi.nlm.nih.gov/31200785/
https://pubmed.ncbi.nlm.nih.gov/31200785/
https://pubmed.ncbi.nlm.nih.gov/31200785/
https://pubmed.ncbi.nlm.nih.gov/31200785/
https://pubmed.ncbi.nlm.nih.gov/17348670/
https://pubmed.ncbi.nlm.nih.gov/17348670/
https://pubmed.ncbi.nlm.nih.gov/17348670/
https://pubmed.ncbi.nlm.nih.gov/17348670/
https://pubmed.ncbi.nlm.nih.gov/17015248/
https://pubmed.ncbi.nlm.nih.gov/17015248/
https://pubmed.ncbi.nlm.nih.gov/17015248/
https://pubmed.ncbi.nlm.nih.gov/30336330/
https://pubmed.ncbi.nlm.nih.gov/30336330/
https://pubmed.ncbi.nlm.nih.gov/30336330/
https://scijournals.onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291097-0010%2820000515%2980%3A7%3C985%3A%3AAID-JSFA572%3E3.0.CO%3B2-7
https://scijournals.onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291097-0010%2820000515%2980%3A7%3C985%3A%3AAID-JSFA572%3E3.0.CO%3B2-7
https://scijournals.onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291097-0010%2820000515%2980%3A7%3C985%3A%3AAID-JSFA572%3E3.0.CO%3B2-7
https://www.sciencedirect.com/science/article/abs/pii/S0963996919307914
https://www.sciencedirect.com/science/article/abs/pii/S0963996919307914
https://www.sciencedirect.com/science/article/abs/pii/S0963996919307914
https://www.sciencedirect.com/science/article/abs/pii/S0963996919307914
https://academic.oup.com/jaoac/article-abstract/83/3/635/5656303
https://academic.oup.com/jaoac/article-abstract/83/3/635/5656303
https://academic.oup.com/jaoac/article-abstract/83/3/635/5656303
https://academic.oup.com/jaoac/article-abstract/83/3/635/5656303
https://pubmed.ncbi.nlm.nih.gov/18258689/
https://pubmed.ncbi.nlm.nih.gov/18258689/
https://pubmed.ncbi.nlm.nih.gov/18258689/
https://pubmed.ncbi.nlm.nih.gov/18258689/
https://pubmed.ncbi.nlm.nih.gov/19211820/
https://pubmed.ncbi.nlm.nih.gov/19211820/
https://pubmed.ncbi.nlm.nih.gov/19211820/
https://pubmed.ncbi.nlm.nih.gov/21438720/
https://pubmed.ncbi.nlm.nih.gov/21438720/
https://pubmed.ncbi.nlm.nih.gov/21438720/
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2135/cropsci2012.05.0267
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2135/cropsci2012.05.0267
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2135/cropsci2012.05.0267
https://www.sciencedirect.com/science/article/abs/pii/S1756464616303474
https://www.sciencedirect.com/science/article/abs/pii/S1756464616303474
https://www.sciencedirect.com/science/article/abs/pii/S1756464616303474
https://www.sciencedirect.com/science/article/abs/pii/S1756464616303474
https://www.sciencedirect.com/science/article/pii/S0924224419303632
https://www.sciencedirect.com/science/article/pii/S0924224419303632
https://www.sciencedirect.com/science/article/pii/S0924224419303632

Agricultural Research & Technology: Open Access Journal

24.Serrano M, Carbas B, Castanho A, Soares A, Vaz Patto MC, et al. (2017)
Characterisation of nutritional quality traits of a chickpea (Cicer
arietinum) germplasm collection exploited in chickpea breeding in
Europe. Crop and Pasture Science 68: 1031-1040.

25. Guindon ME, Cazzola F, Palacios T, Gatti I, Bermejo C, et al. (2021)
Biofortification of pea (Pisum sativum L.): a review. ] Sci Food Agric,
101: 3551-3563.

26.Palmer RG, Kilen TC (1987) Qualitative genetics. Soybeans:
improvement, production and uses. Ed.2. American Society of
Agronomy. Wilcox JR (Ed.), Madison, WI, pp. 135-209.

27.Hyeon H, Xu JL, Kim JK, Choi Y (2020) Comparative metabolic profiling
of cultivated and wild black soybeans reveals distinct metabolic
alterations associated with their domestication. Food research
international (Ottawa, Ont.) 134: 109290.

28.Choi YM, Yoon H, Lee S, Ko HC, Shin M], et al. (2020) Comparison of
Isoflavone Composition and Content in Seeds of Soybean (Glycine max
(L.) Merrill) Germplasms with Different Seed Coat Colors and Days to
Maturity. Korean J. Plant Res 33(6): 558-577.

29.Tran DH, Tran TD, Nguyen TD, Nguyen XV, Ngo XB, et al. (2025)
Genotypic Contrasting of Protein and Flavonoid Contributes to
Differential Responses of Targeted Metabolites in Soybean Seeds. The
Open Agriculture Journal 19: e18743315365636.

30.Wu D, Li D, Zhao X, Zhan Y, Teng W, et al. (2020) Identification of a
candidate gene associated with isoflavone content in soybean seeds
using genome-wide association and linkage mapping. The Plant
journal: for cell and molecular biology 104(4): 950-963.

31.Meng S, He ], Zhao T, Xing G, Li Y, et al. (2016) Detecting the QTL-
allele system of seed isoflavone content in Chinese soybean landrace
population for optimal cross design and gene system exploration. TAG.
Theoretical and applied genetics 129(8): 1557-1576.

32.Chu S, Wang ], Zhu Y, Liu S, Zhou X, et al. (2017) An R2R3-type MYB
transcription factor, GmMYB29, regulates isoflavone biosynthesis in
soybean. PLoS Genet 13(5): e1006770.

33.Pei R, Zhang ], Tian L, Zhang S, Han E et al. (2018) Identification of
novel QTL associated with soybean isoflavone content. The Crop
Journal 6(3): 244-252.

34.Lee ], Hwang YS, Kim ST, Yoon WB, Han WY, et al. (2017) Seed coat
color and seed weight contribute differential responses of targeted
metabolites in soybean seeds. Food chemistry 214: 248-258.

35.Xu C, Wu T, Yuan S, Sun S, Han T, et al. (2022) Can Soybean Cultivars
with Larger Seed Size Produce More Protein, Lipids, and Seed Yield? A
Meta-Analysis. Foods 11(24): 4059.

36.Duan Z, Li Q Wang H, He X, Zhang M (2023) Genetic regulatory
networks of soybean seed size, oil and protein contents. Frontiers in
plant science 14: 1160418.

37.Zhang ], Wang X, Lu Y, Bhusal §J, Song Q, et al. (2018) Genome-wide
Scan for Seed Composition Provides Insights into Soybean Quality
Improvement and the Impacts of Domestication and Breeding.
Molecular plant 11(3): 460-472.

38. Fahim JR, Attia EZ, Kamel MS (2019) The phenolic profile of pea (Pisum
sativum): a phytochemical and pharmacological overview. Phytochem
Rev 18(1): 173-198.

007

39. Chen SK, Lin HF, Wang X, Yuan Y, Yin JY, et al. (2023) Comprehensive
analysis in the nutritional composition, phenolic species and in vitro
antioxidant activities of different pea cultivars. Food chemistry: X 17:
100599.

40. de Lima SLS, Gomes MJC, da Silva BP, Alves NEG, Toledo RCL, etal. (2019)
Whole flour and protein hydrolysate from common beans reduce the
inflammation in BALB/c mice fed with high fat high cholesterol diet.
Food research international (Ottawa, Ont.) 122: 330-339.

4

—_

.Yeo ], Shahidi F (2017) Effect of hydrothermal processing on changes
of insoluble-bound phenolics of lentils. Journal of Functional Foods 38:
716-722.

42. Giusti F, Capuano E, Sagratini G, Pellegrini N (2019) A comprehensive
investigation of the behaviour of phenolic compounds in legumes
during domestic cooking and in vitro digestion. Food chemistry, 285:
458-467.

43.Kebe M, Renard CMCG, El Maataoui M, Amani GNG, Maingonnat JF
(2015) Leaching of polyphenols from apple parenchyma tissue as
influenced by thermal treatments. Journal of Food Engineering 166:
237-246.

44. Kalogeropoulos N, Chiou A, Ioannou M, Karathanos VT, Hassapidou M,
et al. (2010) Nutritional evaluation and bioactive microconstituents
(phytosterols, tocopherols, polyphenols, triterpenic acids) in cooked
dry legumes usually consumed in the Mediterranean countries. Food
Chemistry 121(3): 682-690.

45.Zhang B, Deng Z, Tang Y, Chen PX, Liu R, et al. (2014) Effect of domestic
cooking on carotenoids, tocopherols, fatty acids, phenolics, and
antioxidant activities of lentils (Lens culinaris). Journal of agricultural
and food chemistry 62(52): 12585-12594.

46.Xu B, Chang SK (2008) Effect of soaking, boiling, and steaming on
total phenolic content and antioxidant activities of cool season food
legumes. Food chemistry 110(1): 1-13.

47.Zaupa M, Calani L, Del Rio D, Brighenti F Pellegrini N (2015)
Characterization of total antioxidant capacity and (poly)phenolic
compounds of differently pigmented rice varieties and their changes
during domestic cooking. Food chemistry 187: 338-347.

48. Castafieda-Ovando A, Pacheco-Hernandez ML, Paez-Hernidndez Ma E,
Rodriguez JA, Galan-Vidal CA (2009) Chemical studies of anthocyanins:
A review. Food Chemistry 113(4): 859-871.

49.Sun ], Cao X, Bai W, Liao X, Hu X (2010) Comparative analyses of
copigmentation of cyanidin 3-glucoside and cyanidin 3-sophoroside
from red raspberry fruits. Food Chemistry 120(4): 1131-1137.

50.Jeng TL, Shih Y], Wu MT, Sung JM (2010) Comparisons of flavonoids and
anti-oxidative activities in seed coat, embryonic axis and cotyledon of
black soybeans. Food Chemistry 123(4): 1112-1116.

51. Anhé FF, Varin TV, Le Barz M, Desjardins Y, Levy E, et al. (2015) Gut
Microbiota Dysbiosis in Obesity-Linked Metabolic Diseases and
Prebiotic Potential of Polyphenol-Rich Extracts. Current obesity
reports 4(4): 389-400.

52. Toméas-Barberan FA, Selma MV, Espin JC (2016) Interactions of gut
microbiota with dietary polyphenols and consequences to human
health. Current opinion in clinical nutrition and metabolic care 19(6):
471-476.

How to cite this article: Sichkar VI, Lavrova HD, Moldchenkova OO. Variability of Polyphenols in Seeds of Different Varieties and Recombinant Lines

of Soybean. Agri Res & Tech: Open Access J: Open Access J. 2025; 29(3): 556454. DOI: 10.19080/ART0A]J.2025.29.556454


http://dx.doi.org/10.19080/ARTOAJ.2025.29.556454
https://www.publish.csiro.au/cp/cp17129
https://www.publish.csiro.au/cp/cp17129
https://www.publish.csiro.au/cp/cp17129
https://www.publish.csiro.au/cp/cp17129
https://pubmed.ncbi.nlm.nih.gov/32517920/
https://pubmed.ncbi.nlm.nih.gov/32517920/
https://pubmed.ncbi.nlm.nih.gov/32517920/
https://pubmed.ncbi.nlm.nih.gov/32517920/
https://pubmed.ncbi.nlm.nih.gov/32517920/
https://pubmed.ncbi.nlm.nih.gov/32517920/
https://pubmed.ncbi.nlm.nih.gov/32517920/
https://koreascience.kr/article/JAKO202034965719676.pdf
https://koreascience.kr/article/JAKO202034965719676.pdf
https://koreascience.kr/article/JAKO202034965719676.pdf
https://koreascience.kr/article/JAKO202034965719676.pdf
https://openagriculturejournal.com/VOLUME/19/ELOCATOR/e18743315365636/FULLTEXT/
https://openagriculturejournal.com/VOLUME/19/ELOCATOR/e18743315365636/FULLTEXT/
https://openagriculturejournal.com/VOLUME/19/ELOCATOR/e18743315365636/FULLTEXT/
https://openagriculturejournal.com/VOLUME/19/ELOCATOR/e18743315365636/FULLTEXT/
https://pubmed.ncbi.nlm.nih.gov/32862479/
https://pubmed.ncbi.nlm.nih.gov/32862479/
https://pubmed.ncbi.nlm.nih.gov/32862479/
https://pubmed.ncbi.nlm.nih.gov/32862479/
https://pubmed.ncbi.nlm.nih.gov/27189002/
https://pubmed.ncbi.nlm.nih.gov/27189002/
https://pubmed.ncbi.nlm.nih.gov/27189002/
https://pubmed.ncbi.nlm.nih.gov/27189002/
https://pubmed.ncbi.nlm.nih.gov/28489859/
https://pubmed.ncbi.nlm.nih.gov/28489859/
https://pubmed.ncbi.nlm.nih.gov/28489859/
https://www.sciencedirect.com/science/article/pii/S2214514118300011
https://www.sciencedirect.com/science/article/pii/S2214514118300011
https://www.sciencedirect.com/science/article/pii/S2214514118300011
https://pubmed.ncbi.nlm.nih.gov/27507473/
https://pubmed.ncbi.nlm.nih.gov/27507473/
https://pubmed.ncbi.nlm.nih.gov/27507473/
https://pubmed.ncbi.nlm.nih.gov/36959925/
https://pubmed.ncbi.nlm.nih.gov/36959925/
https://pubmed.ncbi.nlm.nih.gov/36959925/
https://pubmed.ncbi.nlm.nih.gov/29305230/
https://pubmed.ncbi.nlm.nih.gov/29305230/
https://pubmed.ncbi.nlm.nih.gov/29305230/
https://pubmed.ncbi.nlm.nih.gov/29305230/
https://www.cabidigitallibrary.org/doi/full/10.5555/20193233117
https://www.cabidigitallibrary.org/doi/full/10.5555/20193233117
https://www.cabidigitallibrary.org/doi/full/10.5555/20193233117
https://pubmed.ncbi.nlm.nih.gov/36845501/
https://pubmed.ncbi.nlm.nih.gov/36845501/
https://pubmed.ncbi.nlm.nih.gov/36845501/
https://pubmed.ncbi.nlm.nih.gov/36845501/
https://pubmed.ncbi.nlm.nih.gov/31229086/
https://pubmed.ncbi.nlm.nih.gov/31229086/
https://pubmed.ncbi.nlm.nih.gov/31229086/
https://pubmed.ncbi.nlm.nih.gov/31229086/
https://www.sciencedirect.com/science/article/abs/pii/S1756464616303954
https://www.sciencedirect.com/science/article/abs/pii/S1756464616303954
https://www.sciencedirect.com/science/article/abs/pii/S1756464616303954
https://pubmed.ncbi.nlm.nih.gov/30797370/
https://pubmed.ncbi.nlm.nih.gov/30797370/
https://pubmed.ncbi.nlm.nih.gov/30797370/
https://pubmed.ncbi.nlm.nih.gov/30797370/
https://www.sciencedirect.com/science/article/abs/pii/S0260877415002605
https://www.sciencedirect.com/science/article/abs/pii/S0260877415002605
https://www.sciencedirect.com/science/article/abs/pii/S0260877415002605
https://www.sciencedirect.com/science/article/abs/pii/S0260877415002605
https://www.sciencedirect.com/science/article/abs/pii/S0308814610000452
https://www.sciencedirect.com/science/article/abs/pii/S0308814610000452
https://www.sciencedirect.com/science/article/abs/pii/S0308814610000452
https://www.sciencedirect.com/science/article/abs/pii/S0308814610000452
https://www.sciencedirect.com/science/article/abs/pii/S0308814610000452
https://pubmed.ncbi.nlm.nih.gov/25474757/
https://pubmed.ncbi.nlm.nih.gov/25474757/
https://pubmed.ncbi.nlm.nih.gov/25474757/
https://pubmed.ncbi.nlm.nih.gov/25474757/
https://pubmed.ncbi.nlm.nih.gov/26050159/
https://pubmed.ncbi.nlm.nih.gov/26050159/
https://pubmed.ncbi.nlm.nih.gov/26050159/
https://pubmed.ncbi.nlm.nih.gov/25977035/
https://pubmed.ncbi.nlm.nih.gov/25977035/
https://pubmed.ncbi.nlm.nih.gov/25977035/
https://pubmed.ncbi.nlm.nih.gov/25977035/
https://www.sciencedirect.com/science/article/abs/pii/S0308814608010674
https://www.sciencedirect.com/science/article/abs/pii/S0308814608010674
https://www.sciencedirect.com/science/article/abs/pii/S0308814608010674
https://www.sciencedirect.com/science/article/abs/pii/S0308814609013417
https://www.sciencedirect.com/science/article/abs/pii/S0308814609013417
https://www.sciencedirect.com/science/article/abs/pii/S0308814609013417
https://www.sciencedirect.com/science/article/abs/pii/S0308814610006448
https://www.sciencedirect.com/science/article/abs/pii/S0308814610006448
https://www.sciencedirect.com/science/article/abs/pii/S0308814610006448
https://pubmed.ncbi.nlm.nih.gov/26343880/
https://pubmed.ncbi.nlm.nih.gov/26343880/
https://pubmed.ncbi.nlm.nih.gov/26343880/
https://pubmed.ncbi.nlm.nih.gov/26343880/
https://pubmed.ncbi.nlm.nih.gov/27490306/
https://pubmed.ncbi.nlm.nih.gov/27490306/
https://pubmed.ncbi.nlm.nih.gov/27490306/
https://pubmed.ncbi.nlm.nih.gov/27490306/

Agricultural Research & Technology: Open Access Journal

This work is licensed under Creative ‘s . . .
@ @ Commons Attribution 4.0 License Your next submission with Juniper Publishers
DOI: 10.19080/ARTOAJ.2025.29.556454 will reach you the below assets

¢ Quality Editorial service
o Swift Peer Review
¢ Reprints availability
¢ E-prints Service
e Manuscript Podcast for convenient understanding
¢ Global attainment for your research
¢ Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)
¢ Unceasing customer service

Track the below URL for one-step submission
https://juniperpublishers.com/online-submission.php

How to cite this article: Sichkar VI, Lavrova HD, Moldchenkova OO. Variability of Polyphenols in Seeds of Different Varieties and Recombinant Lines

008 of Soybean. Agri Res & Tech: Open Access J: Open Access J. 2025; 29(3): 556454. DOI: 10.19080/ART0AJ.2025.29.556454


http://dx.doi.org/10.19080/ARTOAJ.2025.29.556454
http://dx.doi.org/10.19080/ARTOAJ.2025.29.556454

