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Abstract. The nutritional properties of three related bean species —
Phaseolus multiflorus Lam., P. acutifolius A. Gray, and P. lunatus L. —
from the core collection of beans of the National Centre for Plant Genetic
Resources of Ukraine were studied. The related species under investigation
were ranked in descending order according to their nutritional value as
follows: P. multiflorus Lam., P. lunatus L., P. acutifolius A. Gray. P.
multiflorus Lam. accessions had the highest content of proteins (the mean
protein content in dry matter was 25.10%) and the highest antioxidant
activity (6.09-6.16 mg chlorogenic acid equivalent (CAE) /g of seeds). The
P. lunatus L. accessions were significantly inferior to the scarlet bean
accessions in terms of protein content in seeds (the mean protein content
was 19.39 %), while the antioxidant activity in P. lunatus L. was similar to
that in the scarlet beans with the same color of the seed coat (1.05-2.34 mg
CAE/g of seeds). The P. acutifolius A. Gray accessions had the lowest
protein content (the mean protein content was 17.43%). The antioxidant
activity in this species was 1.27-1.62 mg CAE/g of seeds. Analysis of
cooking time of seeds of the related bean species showed that they were
ranked in ascending order according to their cooking time as follows: P.
acutifolius A. Gray, P. lunatus L., P. multiflorus Lam. It was found that the
cooking time of mature seeds was negatively correlated with their
nutritional properties in the studied related bean species. Analysis of path
coefficients showed that seed coat thickness had a direct positive effect on
antioxidant activity, while protein content in dry seeds had a direct
negative effect on antioxidant activity. Protein content in seeds had a direct
positive effect on cooking time of seeds.

Key words: Phaseolus multiflorus Lam., P. acutifolius A. Gray, P.
lunatus L., nutrition, cooking time, protein content, antioxidant activity

Introduction. Formulation of the problem

Analysis of recent research and publications

Beans are a food crop. They have been used for
human nutrition since ancient times. Seeds of this crop
are found in pharaohs’ tombs, they were grown in
ancient Russia, Greece, Italy, and in Asian and
American ancient countries — wherever there was a
developed civilization. At present, the nutritional
properties of common beans are well studied; however,
related bean species (scarlet bean, lima bean, tepary
bean) are not inferior in nutritional and gustatory
properties to the more common species Phaseolus
vulgaris L.
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The protein content in bean seeds can amount to
30%, which is twice as much as in meat and 60-75%
of bean proteins are digested in the human body [1]. At
the same time, beans contain no cholesterol and low in
fat. High contents of phenols, starch, vitamins (A, C, E,
B1, B2, B3, B6, PP), mineral salts, micronutrients (K,
Mg, Ca, Na, Fe, 1) and fructooligosaccharides
determine a high nutritional value of beans, which is
reflected through protection of the human body against
stresses [2-4]. The energy value of beans is about 339
kcal; the digestibility is 86% [5].
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Among legumes, beans stand out due to the amino
acid composition of their proteins, which consist mainly
of globulins and albumins. According to Marquez U.M.
and Lajolo F.M. [6], in Phaseolus L. globulins account
for 52.3% of the total nitrogen, while albumins,
prolamins, and glutenins account for only 31.5%. As to
amino acid composition, low levels of sulfur-containing
amino acids and tryptophan limit bean protein quality, but
bean proteins contain a lot of essential amino acids
(lysine, isoleucine, valine) and nonessential amino acids
(glycine and glutamic acid). The total content of free
amino acids in bean seeds varies from 0.15 g to 0.36 g [5].

Bean seeds contain a lot of carbohydrates (the
amount of carbohydrates in 100 g is 17.1% of the daily
intake). The major carbohydrates are fiber (the mean fiber
content in 100 g is 22.6 g or 90.2% of the daily intake)
and starch (the mean starch content in 100 g is 43.8 g); the
contents of sucrose (1.44 g in 100 g), galactose (0.34 g),
and pectin (9% of the daily intake in 100 g) are also rather
high. Bean seeds are noticeable for high levels of
phytosterols (230.9% of the daily intake in 100 g), with
beta-sitosterol being the major phytosterol (179.8%) [5].
Guzmén-Uriarte M. L., Sanchez-Magafia L. M., Angulo-
Meza G. Y. et al. [7] recommended using bean flour in
food production technologies to increase the energy value
of products, prevent stress-induced diseases in humans.
GOmez-Favela M. A., Reyes-Moreno C., Milan-
Carrillo J. Et al. [8] offered corn and tepary mixtures with
a lower nutritional load and higher energy content as an
alternative to commercial snacks.

Antioxidants consumed with vegetable food help a
person gain control over his/her body and resist the
aggressive influence of not only psychological factors but
also the environment [9, 10]. Mature seeds of legumes,
among which beans established themselves as a leading
choice, are a potent source of antioxidants [11,12].

Broeck H.C., Londono D.M., Timmer R. et al. [13]
believed that the conditions of plant vegetation were the
main factor affecting antioxidant activity. Li X.P.,
Li M.Y., Ling A.J. et al. [14] considered the genotype as a
basis, without ruling out effects of growing conditions.
Thus, antioxidant levels are an important aspect in
breeding to develop healthy foods.

Cooking time of seeds is a significant factor that
determines consumers’ demand for a particular
genotype [15]. This parameter is sure to be influenced by
weather during the crop cultivation and reproduction year.
Nevertheless, Phaseolus L. species are phylogenetically
younger and belong to the macrobiotic group, which is
characterized by the ability to preserve properties of their
seeds for a long period of time [16]. This is due to the
facts that the contents of albumins, globulins, and
glutelins in bean seeds hardly change during storage for
up to 16 years and enzymatic activity in seeds remains
high.

It was found that substances in bean seeds varied in
different cultivars [17], therefore we assumed that the
nutritional properties of related species of the genus
Phaseolus L. would also differ.
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Thus, we set the purpose to evaluate the nutritional
properties of related bean species and to determine their
features depending on the species and morphological
characteristics of seeds. The following study objectives
were pursued:

— todetermine the protein content, antioxidant
activity, cooking time, and palatability of mature
seeds of scarlet bean, lima bean, and tepary bean;

— tocalculate correlations between nutritional
indicators of seeds;

— tocalculate correlations between nutritional
indicators and morphological characteristics of
seeds.

Research materials and methods

The National Center for Genetic Resources of
Ukraine keeps a collection of related bean species:
Phaseolus multiflorus Lam. (scarlet bean; 202
accessions), P. acutifolius A. Gray (tepary bean; 53
accessions, and P. lunatus L. (lima bean; 16 accessions).
For this study, a sample of accessions that differed in
morphological characteristics (seed coat color, plant
shape) and origins (5 scarlet bean accessions from
Ukraine, Poland, and Germany; 4 lima bean acessions
from the USA, Hungary, and Russia; 6 tepary bean
accessions from Ukraine, USA, and Mexico) was formed.

The collection accessions were studied in the field:
in special crop rotation No. 1 of the experimental field of
the Yuriev Plant Production Institute of NAAS (Elitne
Village, Kharkivskyi District, Kharkivska Oblast; location
49°5902 N, 36°2751 E, 195 m above sea level). The
plants were grown on potent weakly leached black soil.
The forecrop was winter wheat. The farming techniques
were traditional for the forest-steppe of Ukraine. Beans
were sown with manual planters without replications
within optimal timeframes. The sowing arrangement was
as follows: tepary bean — 30 cm / 10 ¢cm; lima bean —
30 cm / 20 cm; scarlet bean — 30 cm / 30 cm; the record
area was 1 m?,

The study was carried out in 2016-2023; these years
differed in temperature and precipitation: dry — 2017
(HTC = 0.23), 2018 (0.35), 2019 (0.44), and 2021 (0.80);
water-logged — 2016 (1.33), 2020 (1.18), and 2023 (1.18)

(Fig. 1).
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Fig. 1. Hydrothermal coefficient during the bean
growing period, 2016-2023
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The weather was almost optimal for the growth
and development of beans in three years: 2020, 2021,
and 2023, which were characterized by torrential
precipitation. In 2020 and 2023, th precipitation fell
during the crucial phases of bean plant development:
generative organ formation and seed setting and filling;
in 2021 — the temperature rose and the precipitation
stopped.

To analyze the weather conditions, we calculated
the hydrothermal coefficient using the following
formula:

»r

0,1 x Y t°C

where: > r — precipitation amount during the
vegetation period, mm;

> t°C — sum of temperatures above 10°C during
the same period;

0.1 — coefficient.

HTC =

The biochemical analyzes were carried out in the
Laboratory of Immunity, Biotechnology and Quality of
the Yuriev Plant Production Institute of NAAS. The
protein content in bean seeds was determined by
Kjeldahl digestion [18, 19]. The antioxidant activity
was determined using a stable radical (DPPHe) by S.
Arabshahi and A. Urooj’s method [20] with some
modifications [21, 22, 23] along 4 parallels. The results
of this analysis are expressed as the standard
antioxidant (chlorogenic acid) equivalent (CAE) in mg
of CAE per 1 g of seeds, with adjustment for dilution
using a calibration graph.

The cooking time of bean seeds was determined
in compliance with methods of the qualification
examination of plant varieties for suitability for
dissemination in Ukraine [24]. The palatability was
determined organoleptically. The seed coat thickness
was measured with a micrometer. The economic and
morphological characteristics of beans were described
in accordance with the Extended Harmonized
Classifier of Ukraine for the genus Phaseolus L. (2004)
and using the technique for studying genetic resources
of legumes [25]. Path analysis for estimating the direct
and indirect effects of other traits on cooking time was
performed using the formula given by Dewey and
Lu [26]. Data were statistically processed in MS Excel.

Results of the research and their discussion

The nutritional properties of beans are determined
not only by their excellent gustatory qualities but also by
their high nutritional value, which is attributed to the
presence of alkali-soluble globulins and water-soluble
albumins [27], which is an indication of digestibility [1],
and antioxidants (ascorbic acid, tocopherol, B-carotene,
polyphenols, tannins, anthocyanins) [28], which have a
positive effect on human health [29]. We compared the
nutritional value of accessions of the related species
(Phaseolus multiflorus Lam., P. acutifolius A. Gray, and
P. lunatus L.) using the following parameters:
antioxidant activity (AOA), protein content, cooking
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time and palatability of seeds in combination with
additional morphological characteristics such as seed
size, color and thickness of the seed coat.

Antioxidant levels have been often assessed in
vegetables, fruits, and beverages [30, 31]; however, this
parameters is not enough studied dry grain of
agricultural crops, especially in seeds of related bean
species. Our analysis of AOA showed that scarlet bean
seeds with pigmented seed coats had the highest AOA,
even within one accession. For example, local Ukrainian
accession ‘UD0300900° has both white and pigmented
seed coats in different colors. It was found that the AOA
in seeds with white seed coats was 1.18 mg of CAE/g of
seeds (17.62% AOA); in seeds with purple coats with a
dotted black pattern, it was 6.09 mg of CAE/g of seeds
(91.10% AOA); in seeds with isabelline coats, it was
6.10 mg of CAE/g of seeds (91.25% AOA); in seeds
with brown coats, it was 6.16 mg of CAE/g of seeds
(92.03% AOA) (Table 1).

The AOA in white seeds of accessions ‘Eryka’,
‘Blanka’, and ‘Obroshynska Mistseva’ ranged within
0.95-1.11 mg of CAE/g of seed, which corresponded to
14.30%-16.69% AOA. Accession ‘Preisgewinner’ has
black seeds with an AOA of 1.15 mg of CAE/g of seeds
(91.96% AOA).

We observed a similar trend in lima beans. The
pigmentation of their seed coats was not as diverse as
that in scarlet beans, but the AOA varied depending on
color. Cultivar (Cv.) ‘Henderson’ with white seeds had
an AOA of 1.05 mg of CAE/g of seeds (15.75% AQA);
Cv. ‘Tree Color Pole’ with white seeds and a large fuzzy
wine-red spot had an AOA of 1.67 mg of CAE/g of
seeds (23.96% AOA); Cv. ‘Geszentye Bab’ with white
seeds with a motley wine-red pattern had an AOA of
2.27 mg of CAE/g of seeds (33.09% AOA); and Cv.
‘Pyostropalevaya’ with gray seeds with a motley pattern
had an AOA of 2.34 mg of CAE/g of seeds (33.0%
AOA). There was a noticeable rise in the AOA with an
increase in the wine-red color area on the seed coat.
Gray seeds had the highest AOA in lima beans.

When screening tepary beans for AOA, we also
noted a relationship between AOA and the seed coat
pigmentation. Accessions with white seeds (‘P1 477038’
and ‘PI 440795”) had an AOA of 1.28 and 1.27 mg of
CAE/g of seeds (19.16% and 19.01% AOA,
respectively); accessions with brown seeds (‘A. gr’ and
‘PI 477032) had an AOA of 1.32 and 1.34 mg of
CAE/g of seeds (19.16% and 19.01% AOA,
respectively); accessions with ocherous seeds (‘PI
321637’and ‘PI 406633°) had an AOA of 1.60 and 1.62
mg of CAE/g of seeds (23.93% and 24.22% AOA,
respectively). It should be noted that the AOA in tepary
bean seeds was slightly different compared to scarlet
bean and lima bean seeds. Thus, scarlet bean and lima
bean accessions with white plain seeds had an AOA of
0.95-1.11 mg of CAE/g of seeds, while tepary bean
accessions with white seeds had an AOA of 1.27-1.28
mg of CAE/g of seeds. The scarlet bean accession with
brown seeds had an AOA of 6.16 mg of CAE/g of seeds,
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while in the tepary bean accessions with brown seeds the
AOA ranged within 1.32-1.34 mg of CAE/g of seeds.
That is, the differences in the AOA levels between the
variants of the seed coat pigmentation were smaller in
tepary beans.

Hence, seeds with brown or black coats of scarlet
bean showed the highest AOA. These results confirm
the previous information on AOA changes depending on
pigments in the seed coat [29,30]. This conclusion was
drawn in our studies of AOA in common bean [32] and
other authors’ studies [29,33] of AOA in lima
bean [27,34], chickpea [35], lentil, dolichos bean [36],
and barley [37,38].

In solving the problem of vegetable protein in the
human diet, a vital role is assigned to legumes,
especially to beans, as a food crop with excellent
gustatory properties. The nutritional value of beans is
attributed to high content of protein in seeds and bean
proteins are noticeable for containing essential alkaline
and water-soluble amino acids [27,39]. We analyzed the
protein content in seeds of the related bean species and
found that scarlet bean seeds had the highest protein
content in 2016-2023 (the mean protein content was
25.1% of dry matter, ranging 22.05% to 29.30% of dry
matter). The lima bean accessions had 19.39% of protein
in dry matter (range 15.37-23.87% of dry matter) and
the tepary bean accessions had 17.47% of protein in dry

matter (range 13.15-23.15% of dry matter). Within one
species, the accessions did not differ significantly from
one another, except for tepary beans, since the tepary
bean accessions with white seeds (‘PI 477038 and ‘PI
440795”) had higher protein content (19.07% and
18.13% of dry matter, respectively) than the accessions
with brown or ocherous seed coats (Table 2).

However, Lopez-lbarra S., Ruiz-Lépez F. de J.,
Bautista-Villarreal M. et al. [40] claimed that the
nutrition value of tepary beans was similar to that of
common beans and the technological properties of
tepary bean flour were superior to those of flour from
other legumes.

In a study by Heredia-Rodriguez L., Gaytan-
Martinez M., Morales-Sanchez E. et al. [41], significant
differences in their technological properties between
bean species, especially for tepary beans, were
demonstrated. Based on our assessment of palatability,
the related species were ranked as follows: the
Phaseolus multiflorus Lam. and Phaseolus lunatus L.
accessions had very high scores (9 points), while the
Phaseolus acutifolius A. Gray accessions had mostly
medium scores (5 points). Nevertheless, taking into
account the high nutritional value of bean species,
including tepary beans, several authors recommended
using them in new food recipe with improved benefits
for human health [8,42].

Table 1 — Antioxidant activity in seeds of the related bean species, 20162023

ID in the Natio- Country of Antioxidant activity
nal Catalog of Name origin Color of the seed coat Mg of chlorogenic acid AOA. %
Ukraine equivalent/ g of seeds ’
Phaseolus multiflorus Lam.

UD0300900 - Ukraine White 1.18 17.62

Purple with a dotted black pattern 6.09 91.10

Isabelline 6.10 91.25

Brown 6.16 92.03

UD0304009 Eryka Poland White 0.95 14.30

UD0303446 Blanka Poland White 1.11 16.69

UD0303904 | Obroshynska Ukraine White 1.01 15.15

Mistseva
UD0300440 Preisgewinner Germany Black 6.15 91.96
Mean 3.46 53.76
Phaseolus lunatus L.

UD0303246 | Geszentye Bab Hungary White with ;a"t:gr‘ﬁ'md motley 227 33.00

UD0303348 Henderson USA White 1.05 15.75

UD0303247 Tree Color Pole USA White with a large wine-red spot 167 23.96

and a motley pattern
UD0302220 Pyostropalevaya Russian Gray with a motley pattern 2.34 34.11
Federation
Mean 1.82 26.73
Phaseolus acutifolius A. Grey

UD0303771 A.gr Ukraine Brown 1.32 19.77

UDO0300133 P1 477032 USA Brown 1.34 19.96

UD0300126 P1 477038 USA White 1.28 19.16

UD0300204 Pl 440795 Mexico White 1.27 19.01

UD0300128 P1 321637 Mexico Ocherous 1.60 23.93

UD0300129 P1 406633 Mexico Ocherous 1.62 24.22

Mean 1.40 21.01

LSDoos 0.059 0.853
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Table 2 — Protein content in seeds and palatability of the related bean species, 2016-2023

ID in the National Country of Palatability Protein content in seeds, % of dry
- Name - matter
Catalog of Ukraine origin score* = | i
Phaseolus multiflorus Lam.

UD0300900 - Ukraine 9 24.47 22.34-25.56
UDO0304009 Eryka Poland 9 25.62 23.87-28.50
UD0303446 Blanka Poland 9 25.68 24.02-28.85
UD0303904 Obroshynska Mistseva Ukraine 9 25.71 24.37-29.30
UD0300440 Preisgewinner Germany 9 24.03 22.05-26.58

Mean 9 25.10

Phaseolus lunatus L.
UD0303246 Geszentye Bab Hungary 9 18.88 15.37-21.53
UD0303348 Henderson USA 9 19.31 17.68-23.20
UD0303247 Tree Color Pole USA 9 19.68 17.37-23.87
UD0302220 Pyostropalevaya Russie}n 9 19.68 17.38-22.94
Federation
Mean 9 19.39
Phaseolus acutifolius A. Grey

UD0303771 A.gr Ukraine 7 17.43 15.35-19.15
UD0300133 P1 477032 USA 5 17.03 15.69-18.98
UD0300126 P1477038 USA 7 19.07 15.98-23.15
UD0300204 P1 440795 Mexico 5 18.13 16.35-20.56
UD0300128 P1321637 Mexico 5 16.55 13.15-19.37
UD0300129 P1 406633 Mexico 5 16.56 14.45-18.87

Mean 5 17.43
* 9 points — excellent, 7 points — good, 5 points — satisfactory

The technological properties of the crop cannot be
investigated without analyzing the time of its seeds. This
parameter is an important characteristic for determining
food quality because it is associated with levels of
compounds with anti-nutritive properties. In addition,
long cooking time destroys important nutrients in seeds.
Thus, beans with a shorter cooking time retain more
minerals and proteins for human nutrition [43].

We ranked the related bean species by cooking time
of dry seeds follows: the lima beans, with a 0.149 mm
thick seed coat and thousand seeds weight of 627 g, took
the shortest time to be cooked (the mean cooking time
was 129 minutes); the tepary beans, with a 0.073 mm
thick seed coat and thousand seed weight of 136 g, were
cooked on average for 145 minutes; the scarlet beans,
with a 0.220 mm thick seed coat and thousand seed
weight of 1,689 g, took the longest to be cooked (the
mean cooking time was 214 minutes) (Table 3).

The cooking time of seeds varied between
accessions within one species, depending on seed coat
thickness, which in turn depends on seed coat color. For
example, in the Phaseolus multiflorus Lam. accessions
with white seeds (‘Blanka’, ‘Eryka’, and ‘Obroshynska
Mistseva’), the seed coat thickness was 0.196 mm, 0.197
mm, 0.211 mm, respectively, and, accordingly, the
cooking time of seeds was 206 minutes, 212 minutes, and
211 minutes, respectively. The accessions with pigmented
seeds (‘Preisgewinner’ and ‘UD0300900) had thicker
seed coats (0.241 mm and 0.255 mm, respectively) and
their seeds took a longer time to be cooked (221 and 220
minutes, respectively). In Phaseolus lunatus L., the
accession with white plain seeds (‘Henderson’) had a seed
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coat of 0.093 mm thick and its seeds took 125 minutes to
be cooked. The accessions with patterned seeds had
thicker seed coats: ‘Geszentye Bab’ — 0.179 mm,
‘Pyostropalevaya’ — 0.181 mm, ‘Tree Color Pole’ — 0.182
mm, but the cooking time of their seeds was not much
longer (134 minutes, 128 minutes, and 129 minutes,
respectively). In Phaseolus acutifolius A. Gray, the
accessions with white seeds (‘PI 477038’ and °PI
440795’) had thinner seed coats (0.058 mm and 0.060
mm, respectively) and the cooking time of their seeds was
145 and 141 minutes, respectively. However, there were
some deviations from this trend in the accessions with
pigmented seeds. The accessions with ocherous seed
coats (‘PI 321637’ and ‘PI 406633°) had seed coats of
0.075 mm and 0.076 mm thick and their seeds took a
longer time to be cooked (154 and 161 minutes,
respectively) than the accessions with brown seed coats
(‘A. gr’ and ‘PI 477032)’, which had seed coats of 0.082
mm and 0.088 mm thick, respectively, and the cooking
time of seeds of these accessions was 147 and 148
minutes, respectively.

Seed size did not affect cooking time. Thus, small
tepary beans (the mean thousand seed weight was 136 Q)
were cooked longer (the mean cooking time was 145
minutes) than large lima beans (the mean thousand seed
weight was 627 g; boiling time, the mean cooking time
was 129 minutes). Scarlet bean has very large seeds (the
mean thousand seed weight was 1,689 g) and its seeds
were coked longer than seeds of the other related species
(the mean cooking time was 214 minutes), but the seed
coat in scarlet beans was significantly thicker than in the
other species (0.220 mm).
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Table 3 — Cooking time of seeds, seed coat thickness, and thousand seed weight in the related bean species, 2016—-2023

ID i?:the National Country of Thousand Seed coat Cooking of segds
atalog of Name L . . - Time,
: origin seed weight, g | thickness, mm | Coefficient .
Ukraine min
Phaseolus multiflorus Lam.
UD0300900 - Ukraine 1626 0.255 1.52 220
UD0304009 Eryka Poland 840 0.197 1.36 212
UD0303446 Blanka Poland 839 0.196 1.64 206
UD0303904 Obroshynska Mistseva Ukraine 2370 0.211 1.60 211
UD0300440 Preisgewinner Germany 1000 0.241 1.51 221
Mean 1689 0.220 1.57 214
Phaseolus lunatus L.
UD0303246 Geszentye Bab Hungary 1011 0.179 2.22 134
UD0303348 Henderson USA 404 0.093 2.29 125
UD0303247 Tree Color Pole USA 550 0.182 2.26 129
Pyostropalevaya Russian 542 0.181
UD0302220 Federation 2.27 128
Mean 627 0.149 2.26 129
Phaseolus acutifolius A. Grey

UD0303771 A.gr Ukraine 141 0.082 2.11 147
UDO0300133 P1477032 USA 145 0.088 2.10 148
UD0300126 P1 477038 USA 110 0.058 2.14 135
UD0300204 P1 440795 Mexico 130 0.060 2.16 141
UD0300128 Pl 321637 Mexico 140 0.075 2.06 154
UD0300129 P1 406633 Mexico 152 0.076 2.00 161
Mean 136 0.073 2.10 145

Correlation analysis showed that all parameters of
the nutritional properties of seeds of the related bean
species were positively correlated. The following pairs of
parameters showed had the highest correlation
coefficients: protein content in seeds — seed coat thickness
(0.87); protein content in seeds — cooking time (0.87);
seed size — seed coat thickness (0.86); seed size — protein
content in seeds (0.83); cooking time — seed coat
thickness (0.80) (Table 4).

Path analysis allowed us to evaluate the
relationships between the parameters of the bean
nutritional properties. Based on its results, we could
determine the biological value of a specific characteristic
of beans for the intended purpose [44,45]. Thus, in the
related bean species, the seed coat thickness exerted a
direct, high, positive effect on the AOA (1.45) through
indirect, positive effects of the protein content (1.26),

thousand seed weight (1.25), and cooking time of seeds
(1.16). In addition, the protein content in dry seeds
exerted a direct, negative effect on the AOA (-0.73)
through the seed coat thickness (-0.63), cooking time (-
0.63), thousand seed weight (0.60) (Table 5).

Of the technological properties of beans, the
cooking time of dry seeds is the most important one [16].
Path analysis of the relationships between the nutritional
properties showed the only direct, positive relationship:
effect of the cooking time of dry seeds on the protein
content (0.66) through indirect, positive effects of the seed
coat thickness (0.58) and thousand seed weight (0.55)
(Table 6).

This interaction is explained by protein denaturation,
leading to molecule aggregation and having a great
impact on the stability of food properties [46].

Table 4 — Correlations between the nutritional value parameters in the related bean species

Parameter Seed coat thickness Seed size AOA Cooking time | Protein content
Seed coat thickness - 0.86* 0.68* 0.80* 0.87*
Seed size 0.86* - 0.47 0.77* 0.83*
AOA 0.68* 0.47 - 0.56* 0.41
Cooking time 0.80* 0.77* 0.56* - 0.87*
Protein content 0.87* 0.83* 0.41 0.87* -
n=15, *p<0.05
Table 5 — Path coefficients of the relationships between the AOA and the seed quality parameters
in the related bean species
Parameter SCT TSW CT PC
SCT 1.45 -0.07 0.10 -0.63
TSW 1.25 -0.08 0.10 -0.60
CT 1.16 -0.06 0.13 -0.63
PC 1.26 -0.07 0.11 -0.73

SCT —seed coat thickness, TSW — thousand seed weight, CT — cooking time of seeds, PC — protein content in dry seeds
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Table 6 — Path coefficients of the relationships between the cooking time and the seed quality parameters
in the related bean species

Parameter SCT TSW AOA PC
SCT 0.14 -0.18 0.24 0.58
TSW 0.12 -0.19 0.28 0.55
AOA 0.09 0.02 0.13 0.28

PC 0.12 -0.16 0.23 0.66

SCT — seed coat thickness, TSW — thousand seed weight, AOA — antioxidant activity in seeds, PC — protein content in dry seeds

Conclusion mean protein content in dry matter was 17.43%),

] . . although the accessions with white seed coats had a

Analysis of the nutritional properties of the related - qtein content similar to that in lima beans (19.07% and

bean species showed that they were ranked in 181304 of dry matter). The AOA in this species varied
descending order according to their nutritional value as slightly (1.27-1.62 mg CAE/g of seeds). The palatability
follows: scarlet beans, lima beans, tepary beans. The ¢ tepary beans was mostly medium (5 points). The
scarlet bean accessions had the highest protein content 5 ation of the cooking time of seeds of the related
(the mean protein content was 25.10% of dry matter)  pean species demonstrated that they were ranked in
and pigmented seeds showed the highest AOA (6.09-  35cending order according to their cooking time as
6.16 mg _C_AE/g o_f se_eds). The lima bean accesslons — follows: tepary beans, lima beans, scarlet beans. Thus,
were significantly inferior to the scarlet bean accessions 0 cooking time was negatively correlated with the

in terms of proteig content in seeds (the mean protein  nytritional properties of the related bean species. Path
content was 19.39% of dry matter), while the lima bean  gha1ysis revealed that the seed coat thickness had a

AOA was similar to that in the scarlet beans with the  gjrect positive effect on the AOA and the protein content
same color of the seed coat (1.05-2.34 mg CAE/g of i gy seeds had a direct negative effect on the AOA.

seeds). The gustatory properties of scarlet beans and  The protein content in seeds exerted a direct positive
lima beans were excellent (9 points). The protein content  offact on the cooking time of seeds.

in tepary beans was lower than that in lima beans (the
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! JTabopaTopist FeHETMYHUX PECYPCIB 3¢PHOBHUX, 3¢PHOO0OOBHX 1 KPYII’ SHUX KYJIBTYP

2 Biutisl TeOpETHYHHUX JOCTi/KEHD B POCIMHHUITEI Ta TEHETHYHHMX PECYPCIB POCTUH

3 JTaGopatopis diziosorii Ta 6ioximii pociuH

4 Jla6oparopist iMyHiTeTy, 610TEXHONIONT i AKOCTi

Iacturyt pocnuaannTea iM. B.S. FOp’eBa HAAH, 142, mpocnexr I'epoiB Xapkosa, M. XapkiB, Ykpaina 61060
5 YcTuMiBehKa IOCTiIHA CTaHIs POCTMHHKNTEA [HCTHTYTY pociuaaMITBa iM. B.SI. FOp’eBa HAAH

15, Byn. Akanemika BaBmiiosa, c. YcrumiBka, Kpemenaypkuii paiton, [TonraBceka obnacts, 39074

Axotauisi. JIocni/pkeHo HyTpITHBHI BIIACTHBOCTI CriopiiHeHHX BUiB KBacomi Phaseolus multiflorus Lam., P. acutifolius
A. Grey Ta P. lunatus L. 3 6a3oBoi komekuii kBacoii HamioHanbHOrO LEHTPY T€HETHYHHX PECYpPCiB POCIHH YKpaiHH.
BcraHoBIIEHO, 110 BUBYEHI CIIOPiJHEHI BUIW PO3MOMUIMINCS 32 3HIKEHHSM iX piBHs nokusrocti: P. multiflorus Lam., P.
lunatus L., P. acutifolius A. Grey. 3pasku P. multiflorus Lam. mann Haii6insmmii BMicT Oinka (B cepennboMy 25,10% Ha cyxy
PEUOBHHY) Ta HaWOLIBIIy aHTHOKCHIAHTHY aKTHBHICTH (6,09—6,16 ekBiBaJIeHT XJIOPOr€HOBOI KHCIOTH MI/T HaciHHs). 3pa3ku P.
lunatus L. 3nauHO mocTymaroThcs 3a BMicrom Oinka B HaciHui (B cepeaubomy 19,39 %) kBacomi  0ararokBiTKOBiH, a
aHTHOKCHJAHTHA aKTUBHICTH MOMIOHa O 0araTOKBITKOBOI 3 OJHAKOBMM 3a0apBieHHSM HaciHHeBOI oboioHkH (1,05-2,34). 3a
BMicToM Ginka B Hacinui 3pasku P. acutifolius A. Grey maroTe HaiiMeHmmit BMicT (B cepenrbomy 17,43%). AHTHOKCHIaHTHA
aKTHUBHICTB 1IbOT'O BHJy Bapitoe Ha piBHI 1,27—1,62 eKBIBaJIEHTY XJIOPOr€HOBOI KHCIOTH MI/T HaciHHA. AHaji3 pO3BaprOBaHHS
HACiHHS 3pa3KiB CIIOpPiJHEHMX BUJIB KBacoji NOKa3aB, L0 BOHM PO3MOAUTMINCA 3a 3POCTAaHHSIM 4Yacy po3BaproBaHHS: P.
acutifolius A. Grey, P. lunatus L., P. multiflorus Lam. VcranoBneHo, 10 IIBHIKICTh PO3BapIOBAaHHS 3piIOro HACIHHSA Mae
BiZ’€MHY KOpPENALiHHY 3aJIeXHICTh BiJl MOXUBHUX BJIACTHBOCTEH CIIOPIIHEHMX BHUIIB KBacosi. AHaii3 KOe]illieHTiB IUIAXY
BU3HAUUB, 110 HA AaHTHOKCHAAHTHY aKTHBHICTb MalOTh MPSAMUH NMO3UTHUBHUI BIUIMB TOBIIMHA HACIHHEBOI OOOJIOHKH Ta NMPSMUM
HeraTHBHHMII BIUIMB BMICT OifIka B cyxoMy HaciHHI. Ha 4ac po3BaproBaHHs HAaciHHs NPsIMHI TIO3UTUBHUH BIUIMB Ma€ BMICT Oijka
B HBOMY.

Kuarouosi cioBa: Phaseolus multiflorus Lam., P. acutifolius A. Grey, P. lunatus L., moxuBHicTb, PO3BapIOBaHICTh,
BMiCT OiJIKa, aHTHOKCH/IAaHTHA aKTHBHICTb.
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