www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Determination of nutritional and
mineral constituents and physical
characteristics of Yubka kidney
bean seeds from Talas region of
Kyrgyzstan

Ayse Torun', Mustafa Paksoy® & Nurettin Kayahan?**

This study determined the nutrient ingredients and physical characteristics of kidney beans (Phaseolus
Vulgaris) cv. Yubka cultivated in the Talas region of Kyrgyzstan. Physical properties were analyzed

at moisture amount in the range of 8.4% to 30% d.b. using re-wetted kidney beans. The average,
width, length, thickness, arithmetic mean diameter and geometric mean diameter were 14.2, 9.5,

7.3, 9.9 mm, 10.3 mm at initial moisture level (%8.4). The nutrient ingredients of kidney bean seeds,
bearing; crude protein, crude cellulose, lower heating value, ash, organic matter, were found to be
14.4%, 3.8%, 18,67 Mj/kg, 3.86%, and 96.14% at natural moisture levels (%8.4), respectively. Mineral
ingredients of kidney bean seeds, bearing; B, Cu, Fe, Mn, Zn, K, P, Ca, S and Mg, were defined at 53.5
ppm, 6.9 ppm, 66.9 ppm, 18.6 ppm, 25.06 ppm, 1.5%, 0.4%, 0.2%, 0.02%, and 0.19%, respectively.

Keywords Yubka kidney beans, Physical characteristics, Nutritional and mineral ingredients, Quality control
in seed, Talas

Legumes are not widely spread in Kyrgyzstan and do not contribute largely to agricultural production. However,
its share has improved significantly since the beginning of the 2000s owing to the significant rise in bean
production and exports. This bean species, namely the Yubka kidney bean (Phaseolus vulgaris L.), cultivated in
the Talas region, is an important local variety for the area and constitutes more than 90% of the legumes bred in
the country. In the last few years, beans have been the third most significant export produce in Kyrgyzstan after
gold-petroleum products and the first most exported agricultural crop. The country produced 80% of legume
crops in the Talas region by the end of 2000. This share amplified to 92-95% in the next year and did not drop
below this rate to date. Today, while bean cultivation is carried out on 530.000 decares of land in the Talas region,
the maximum historical area of 550.000 decares was monitored in 2014. In addition, a yield of 1.9-2 tons per
hectare is obtained. In the past decade, 90-94% of the country’s legumes have been produced in the Talas region.
The total agricultural land allocated to the legumes in 2016 accounted for 50.4% of the entire plowland in the
Talas and 4.7% of all products in Kyrgyzstan'.

This bean, whose scientific name is Phaseolus vulgaris: Yubka (xa6ka), plays a vital role in the area and has
turned into a monoculture. Its international trade name is Rounded Caparron, and it is one of the ten most
significant crops of the country';%.

The bean is characterized by high nutritional value and high content of the protein. With regard to nutritional
value, 0,25 kg of beans equals 0,1 kg of mutton or 3 pieces of chicken eggs'. Half of the grains are white, and the
other half is red in terms of variety. These two colors are obliquely separated, and the grains are ellipse-shaped®.
Vegetation time is close to 80-90 days*.

Studying its physical properties enables acquiring important and necessary engineering data to design
machines for seed storage and product processing. In addition, determining seeds’ physical and nutritional
properties using quality control studies is very important for seed research. This work aims to determine several
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chemical, physical and nutritional features of Yubka Bean, a local variety belonging to the Talas Region, at
different humidity levels.

Materials and methods

Yubka Kidney Bean (Phaseolus vulgaris) seeds (gifted by local grower), which is the genetic material of the
Kyrgyzstan Talas region, were used for all the experiments in this research. A standard system® was used to
determine the original humidity content of the kidney bean seeds and was found 8.4% (d. b.).

The humidity levels applied in our study (8.4%, 10%, 20%, and 30% d.b.) were achieved by adding the
calculated amount of pure water dropwise and continuously stirring. The samples were then placed in separate
PE bags according to the humidity level. The PE bags used are low-permeability, food-grade polyethylene bags
that prevent moisture exchange. The sample bags were stored in a laboratory-type refrigerator at a constant
temperature of 278 K (5 °C) for seven days to ensure a homogeneous moisture distribution throughout the
sample. Humidity equilibration occurred within the bags, independent of the external environment. Before the
tests, the samples were brought to room temperature under controlled conditions of approximately 22 °C to
prevent chemical/physical changes due to rapid heating®;’;%°.

Entire the physical features of the bean seeds were evaluated at water echelons of 8.4, 10, 20, and 30% d.b.
with thirty repetition at each echelons.

A sample of sufficient kidney bean seeds were haphazardly chose. Measurement of the 3 main dimensions of
the seeds was carried out with a micrometer with an accuracy of 0.01 mm®°.

Applying the following equation'!, the geometric mean diameter (Dp) and arithmetic mean diameter (Da)
of the seeds were computed.

Dp = (WLT)'? (1)
Da — w @)

Where W is the width, T is the thickness and L is the length (Fig. 1).
In accordance with Mohsenin!?, the degree of sphericity was stated as seen below:

1/3
p = %100 (3)

The seeds were scaled on a scale with a precision of 0.0001 g to obtain the mass. True density is described as
the ratio of a sample batch to the solid volume®. The volume of bean seeds was described applying the fluid
substitution method. C7H8 (Toluene) was employed instead of aqua because the bean seeds absorbed it less.
Toluene also has low enough surface tension and dissolving power to fill even shallow pits in bean seeds'>13.
Bulk density is the ratio of the bulk of bean seeds to their total volume and is a water content related feature.
The bulk density of bean was found by a weight per hectoliter tester calibrated in kilograms per hectoliter®. The
porosity of bean seeds in different water content was worked out from the true and bulk densities as follows with
the relationship given by Mohsen!!:

€ = (t - b)lOO (4)

Where p, is the bulk density in kg/m?, ¢ is the porosity in % and p, is the true density in kg/m?.
Projection areas were defined by image processing technique. Digital images of seeds were taken in advance
with a camera on a horizontal ground and a calibration piece of known length, placed near seeds. After
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Fig. 1. Axis and three major perpendicular dimensions of bean seeds.
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transferring these images to the computer, the projected area of kidney bean seeds was computed with the Fiji
software (Version: 2.17.0, Url: ttps://imagej.net/software/fiji/).

The critical velocities of kidney bean seeds with various moisture coverage were calculated with an air pipe
(Fig. 2). For the respective test, a single sample was first left in the draft from the upper of the air pipe and then
blasted to stop the seed in the draft. An electronic anemometer measured the air velocity with an accuracy of 0.1
m/s when the bean seed was suspended!*. Three repetitions were performed for every kidney bean seed.

To define the rupture strength of the kidney bean seed, we used adapted version of the biological material
tester evolved by Aydin and Ogiit'®, The apparatus has 3 basic element: movable base plate-constant top plate,
drive unit, and data collection system (Fig. 3). The bean seed was positioned on a movable platform and broken
using a constant probe. The data collection system measured the rupture strength of the bean seeds.

The analyzes of the chemical features of the seeds we used in our research were carried out via AOAC™.
Chemical analyses were performed on bean seeds on a dry basis before any experimental treatment or moisture
adjustment, in accordance with standard procedures reported in previous studies and 4 replicates were
performed. The water retention of the seeds was obtained by drying them at 70 °C until they reached a stable
weightiness. The crude protein component was obtained by transform the nitrogen component via Kjeldahl’s
technique (6,25xN). Ash ingredient was obtained at 550 °C in an ashing furnace for 5 h. To identifing the crude
fiber Tecator Fibertec System was used!®.

To determine the thermal value of fuels, IKA C 200 was used. The device measures the gross calorific values
of liquid and solid samples in accordance with DIN 51,900, ISO 1928, ASTM D4809, ASTM D240, ASTM
D5865, ASTM D5468, ASTM D1989, ASTM E711.

Organic matter (%) was computed by the following formula:

OM (% ) = 100 - ash(% ) 5)
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Properties Moisture content

8,4% 10% 20% 30%
Length, mm 14,19+1,17 | 14,50+ 1,26 | 15,52+0,91 | 16,60 +0,84
Width, mm 9,55+0,82 |9,52£0,79 | 10,11£0,66 | 10,63+0,76
Thickness, mm 7,32+0,65 | 7,22+0,79 |7,80+0,86 |8,18+0,95

Geometric mean diameter, mm | 9,96 +0,66 9,97+0,70 10,68+0,57 | 11,28 £0,66
Arithmetic mean diameter, mm | 10,35+0,69 | 10,41+0,71 | 11,14+0,52 | 11,80+0,57
Sphericity, % 70,40+3,71 | 69,00+4,59 | 68,93+4,23 | 68,10+4,52

Table 1. Mean values and standard errors (M + SE) of kidney bean seed dimensions at different moisture
contents.
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Fig. 4. Effect of moisture content on dimensions ([), length; (A), width; (0), thickness.

Particulars Ratio | Degrees of freedom | Correlation coefficient
Length/Width 1.486 |98 0.429**
Length/Thickness | 1.763 | 98 0.384**
Length/GMD, 1.424 | 98 0.764**
Length/AMD 1.370 |98 0.854**
Length/Sphericity | 0.201 | 98 -0.603**

Table 2. The correlation coefficient of yabgu. **significant at 1% level.

Definition of mineral amounts of bean seeds: Approximately 0.5 g of dry and milled samples were first placed in
aburning cup, and 10 mL of pure HNO, was joined. The sample (CEM, Mars 5) was then burned in a microwave
oven at a temperature of 200 °C under 170 psi and diluted to a certain volume (25 ml) with solution water.
Results were defined by ICP-AES (Varian-Vista model Axial Simultaneous)!’.

Results and discussion

Basic dimensions and sizes of bean seeds

Table 1. depicts the basic dimensions (length, thickness, width), geometric mean diameter, sphericity and
arithmetic mean diameter of the bean seeds at all moisture content.

The length of kidney bean seeds improved from 14.19 mm to 16.60 mm, the width of kidney bean seeds
improved from 9.55 mm to 10.63 mm, the thickness of bean seeds improved from 7.32 mm to 8.18 mm, whereas
the water retention of kidney bean seeds improved from 8,4 to 30% d.b. (Fig. 4).

The expression below can be utilized to indicate the relationship between the average dimensions of the seeds
at 8,4% (d.b.) moisture content:

Length =1,486 x Width=1,938 x Thickness = 1,425 x Geometric mean diameter (GMD =1,371 x Arithmetic
mean diameter (AMD) = 0,201 x Sphericity.

The coefficients of correlation (Table 2) indicate that the Length/Width, Length/Thickness, Length/GMD,
Length/AMD and Length/Sphericity rations of the seeds at 8.4% (d.b.) moisture content were discovered greatly
significant. Close results were observed by Demir et al.'® for hackberry and Haciseferogullari et al.'’. This shows
that the length, the geometric mean diameter, mass and sphericity are nearly connected to the diameters of seeds.
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Fig. 5. Effect of moisture content on geometric and arithmetic mean diameter.
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Fig. 6. Effect of moisture content on sphericity.

The geometric and arithmetic mean diameter of bean seeds improved from 9.96 mm to 1.28 mm and
10.35 mm to 11.80 mm, respectively, while the water retention of bean seeds improved from 8.4 to 30% d.b.

(Fig. 5).

Sphericity
The sphericity of bean seed reduced from 70.4% to 68.1%, when the kidney bean water retention improved from
8.40% to 30% d.b. (Fig. 6). Aydin et al.!® reported similar results for cowpea.

Bulk and true density

The bulk density of kidney bean seeds with water retention of 8.4-30% d.b. changed from 695 to 628 kg/m?
(Fig. 7) and showed a reduction in bulk density with an enhancement in water retention. The reverse linear
association of bulk density with water retention was additionally detected using pigeon peas by?’. Similar results
were conveyed by Dursun and Dursun?! for capers and Abalone et al.?? for Amaranth.

The true density of kidney bean seeds with moisture contents of 8.4-30% d.b. changed from 1245 to 1130
kg/m?>. It has been observed that the true density reduces with increasing water content of Kidney bean seeds.
Deshpande et al.® also considered the linear reduction of true density with improved grain water retention in the
range 8.7-25% d.b. for ].S.-7244 soybean. Parallel conclusions were documented for popcorn by Karababa?, for
hemp seed by Sacilik et al.>%, and nuts by Aydin®>.

Porosity.

Because of porosity hinge on bulk and true densities, the greatness of the change in porosity hinge only on
these substances. As per the study, it was found that the porosity of the bean seed reduced slightly, with the rising
in water ingredient from 8.4% to 30% d.b. (Fig. 8). Cetin?® and Kheiralipour et al.” reported similar results for
barbunia and wheat, respectively.

Projected area
The projected area of kidney bean seeds (Fig. 9) improved from 123.12 mm? to 169.80 mm?, while the water
retention amplified from 8.4 to 30% d.b.
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Fig. 7. Effect of moisture content on true and bulk Density.
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Fig. 8. Effect of moisture content on porosity.
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Fig. 9. Effect of moisture content on projected area.
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Effect of moisture content on Terminal velocity, m/s
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Fig. 10. Effect of moisture content on terminal velocity.

Effect of moisture content on rupture strength
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Fig. 11. Effect of moisture content on rupture strength.

The bond among projected area and water retention was considerable, and parallel results were informed for
numerous other seeds'’;'2.

The correlation between the projected area and the water retention is important, and similar trainings have
been described for numerous different seeds'!;!2. Deshpande et al.® determined that the surface area of soybean
seed improved from 0.813 to 0.952 cm? while the water retention improved from 8.7% to 25% d.b. Parallel
propensities were observed by Abalone et al.>? for Amaranth, Ogut'? for white lupin, Tang and Sokhansan;j?® for
lentil and Paksoy and Aydin® for edible squash.

Terminal Velocity.

Empirical outcomes for the terminal velocity of the bean seed at different water grades are depicted in Fig. 10.
The terminal velocity of bean seed reduced from 7.7 m/s to 6.6 m/s, while the water retention of bean seed
improved from 8.4 to 30% d.b. As the water content increases, the terminal velocity declines linearly.

The decrease in terminal velocity combined with the enhancement in water retention can be credited to
the rise in the mass of a single seed of kidney bean per unit fore area left in the airflow. Similar conclusions are

presented by Kural and Carman®.

Rupture strength
The outcomes obtained from the rupture strength experiments are shown in Fig. 11. During the moisture level
of the bean seed improved from 8,4 to 30% d.b., The rupture strength of the kidney bean seed reduced from
35.27t0 7.84 N.

The force used to calculate the rupture strength was obtained by loading the kidney bean seeds along the
Y-axis (Fy). Similar findings were presented for cowpea by Ige®!. It was revealed in this research that the rupture

Scientific Reports |

(2025) 15:45575 | https://doi.org/10.1038/541598-025-29392-6 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Effect of moisture content on thousand grain weight
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Fig. 12. Effect of moisture content on thousand grain weight

Fig. 12. Effect of moisture content on thousand grain weight.

Chemical properties of bean seeds (Dry
Weight Basis)

Moisture (%) 8,4+0,46
Crude cellulose (%) 3,8+0,32
Crude protein (%) 14,4+0,39
Ash (%) 3,86+0,362
Organic matter (%) 96,14+ 0,351
Lower heating value (Mj/kg) | 18,67 +0,200

Table 3. Chemical properties of bean seeds.

strength is on a large scale related to the water retention of beans. The rupture strength of bean seeds improved
with an increase in water content.

Thousand-grain weight

The results of a thousand grain weight of bean seeds at varied water grades obtained by experiments are
represented in Fig. 12. The outcomes demonstrated that the thousand-grain weight of the bean improved from
556.06 g to 733.21 g (31.85%), while the water retention of the bean seed improved from 8.4 to 30% d.b. Ozbek
and Kayahan® reported similar results for Styrax.

Chemical features

Kidney bean seeds chemical composition, which examined in this study, is given in Table 3. Raw protein, crude
cellulose, lower heating value, ash, organic matter values were found to be 14.4%, 3.8%, 18,67 Mj/kg, 3.86%,
and 96.14% at natural moisture level (8.4%), respectively. The crude protein, carbohydrate, crude fiber, ash, and
crude fat of bean varieties were in order of 24.1-25.4%, 60.8-66.4%, 5.0-6.9%, 3.4-3.9%, and 1.1-3.0%, as stated
by Prinyawiwatkul et al.>> modified from Bressani®?. Igbal et al.’* indicated that ash, raw protein, crude fat, and
moisture of beans were in order of, 4.2 + 0.05 g/100 g, 24.7 £ 0.10 g/100 g, 4.8 + 0.07 g/100 g and 9.4 + 0.07 g/100
g. Deshpande and Damodaran®® stated that crude energy, moisture, raw protein, crude fat, carbohydrates, and
ash of beans (Phaseolus vulgaris L.) were, in order of 343 cal/100 g, 11.0%, 22.0%, 1.6%, 57.8%, and 3.6%.

Determination of Mineral substance contents

The nutritional components of kidney Bean seeds that we used in our research are in Table 4. These results
are generally consistent with the values reported in the literature for different bean varieties. Minerals such as;
P, Ca, Mg, B, Cu, Zn were available in bean seeds with levels of 0.12-0.15%, 5.00-5.50%, 0.50-0.80%, 15-20
ppm, 5-7 ppm, and 40-50 ppm, respectively, as stated by Bergmann®. In another study, Prinyawiwatkul et
al.*2, modified from Phillips et al.*’, has been stated that; Cu, Fe, Mg, P, K, Na, Zn were the minerals available
in bean seeds at concentrations in order of 8 ppm, 83 ppm, 0.18%, 0.42%, 1.11%, 0.016%, and 34 ppm. For
example, compared this mineral levels with our study, the Cu and Fe contents in our study were relatively low,
while the K content was higher. These differences are thought to be due primarily to the soil structure and
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Mineral contents

B 53.5 ppm
Cu 6.9 ppm
Fe 66.9 ppm
Mn 18.6 ppm
Zn 25.06 ppm
K 1.5%

P 0.4%

Ca 0.2%

S 0.02%
Mg 0.19%

Table 4. Mineral contents of bean seeds.

climatic conditions of the Talas region. Furthermore, the high potassium (1.5%) and phosphorus (0.4%) levels
detected in Yubka beans enhance the nutritional value of this product, demonstrating its importance as a food
source that enriches its mineral composition. Levels of trace elements such as zinc and iron in plants are crucial
for human health; the obtained values indicate that this vegetable is an important mineral source in the daily
diet. Compared to mineral contents reported in the literature®!; Bergmann, 1992), Yubka beans have significant
values, particularly in Fe and Zn. This demonstrates their nutritional advantage not only in the regional but also
in the international market. Therefore, the obtained mineral composition data suggest that this bean can make a
valuable contribution to both local agricultural production and human nutrition.

Conclution

o The mean length, thickness, width, geometric mean diameter, and arithmetic mean diameter of beans were
14.2,9.5,7.3,9.9, and 10.3 mm, respectively, at 8.4% d.b. water content.

o The coeflicients of correlation show that the Length/Width, Length/Thickness, Length/GMD, Length/AMD
and Length/Sphericity rations of the seeds at 8.4% (d.b.) moisture content were found highly significant.

« The bulk density of beans at varied water grades changed from 694.9 to 627.7 kg/m?, when the porosity im-
proved from 44.2 to 47.1% as the water retention improved from 8.4 to 30% d.b.

o The true density of beans at various water degrees changed from 1244.8 to 1187.8 kg/m?>.

« The projected area of kidney beans improved linearly from 123,12 mm? to 169,80 mm? as the water content
improved from 8.4 to 30% d.b.

« The critical velocity of beans reduced linearly from 7.7 to 6.6 m/s as the moisture amount improved from 8.4
to 30% d.b.

« The rupture strength was on a large scale reliant on water content. As expected, the rupture strength values of
beans reduced linearly from 35.2 to 7.84 N/mm? as the water amount improved from 8,4 to 30% d.b.

o The thousand-grain weight values of beans improved from 556.06 to 733.21 g depending on the moisture
content range (8.4 to 30% d.b.).

« The sphericity of beans reduced from 70.4 to 68.1% in the span of 13 to 35% d.b. moisture content.

o The chemical features of beans, including crude protein, crude cellulose, lower heating value, ash, organic
matter, were 14.4%, 3.8%, 18,67 Mj/kg, 3.86%, and 96.14%, respectively, at natural moisture levels (%8.4).

o Mineral ingredients of kidney bean seeds, bearing B, Cu, Fe, Mn, Zn, K, P, Ca, S and Mg, were 53.5 ppm, 6.9
ppm, 66.9 ppm, 18.6 ppm, 25.06 ppm, 1.5%, 0.4%, 0.2%, 0.02%, and 0.19%, respectively.

The data from this study can be used to calculate the parameters necessary to design the agricultural
mechanization tools and post-harvest product processing tools used during the cultivation of Yubka Beans. For
example, rupture strength can be used in the design of the threshing unit of the harvester, and critical speed may
be used to create the separation unit so that the product can be threshed and sorted appropriately. Furthermore,
this data can help make the necessary calculations for the storage and transportation of the products without
damage. This work can be used as a basis for future works, and more supportive results can be gathered with
similar studies in the same field. While looking at our chemical and mineral composition values, it seems that
Talas Bean is a local variety with a high nutritive value.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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