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Abstract

The majority of the population relies on cereals like wheat, rice, and corn for their diet, which provide
ample carbohydrates, energy, and vitamin B-complex, but lack essential amino acids, micronutrients, and
functional compounds. However, these nutrients can be found in underutilized grains and legumes, which
can help create a more balanced diet and combat silent hunger. Beans, such as the Adzuki bean (Vigna
angularis), are an important source of protein, carbohydrates, vitamins, and minerals, especially for poor
populations worldwide. Adzuki beans, which have nutraceutical and nutritional properties, have been
consumed for centuries in various parts of the world and are native to China. They require a similar
climate and soil as soybeans and are an excellent source of starch, minerals, vitamins, and well-balanced
amino acids. Adzuki beans also have nutraceutical value for diabetes patients due to their high resistant
starch and phenolic components, making them ideal for developing processed and healthy food products.
The present work has investigated the physicochemical, functional and nutritional properties of Adzuki
bean that commonly occurred in markets. Physicochemical, functional and nutritional properties of
Adzuki bean were investigated. Protein content were 29.76+10.93, 27.43+5.05, 34.43+2.20, 32.10+2.02,
27.14+0.87 for adzuki bean. Proteins found in legume flours are considered to be of high quality because
they contain all essential amino acids required by the human body. The maximum WAC in % was found
in legume sample LOCAL TOTRU (1.60+2.72) and minimum was observed in HPU 51 (1.03+0.05).
Next the OAC in % highest OAC was observed in IC 341951 and LOCAL TOTRU (0.93+0.11 in both
cases) and minimum OAC was found in IC 341960 and IC 341944 (0.67+0.28 in both cases). The sample
code IC 341944 having bigger size seeds as compared with other variety. Similarly the small size seeds
were found of LOCAL TOTRU. Other hand the sample code IC 341960, IC 341951 and HPU 51 shown
the similar types of seed morphology. The data was shown in studied of 1000 seeds per species.

Keywords: Azuki bean, nutrients, physical and chemical nutraceutical

1. Introduction
In this day and age, millions of people still do not have enough food to eat, despite the fact that
farming methods and yield improved dramatically over the last century. Majority of the
population relies on a diet based on cereals such as wheat, rice and corn and they are not aware
of food grains which are store house of macro and micro nutrients and underestimate. One
such seeds are of Beans. Beans are members of the Fabaceae family, which include legumes
and are important food crops both economically and nutritionally (Punia et al. 2020) 4],
Dried beans may supply to some of the health enhancing nutrients associated with plant based
diets. Beans are important source of protein and are rich in number of micronutrients,
including potassium, magnesium, folate, iron and zinc. Beans make an excellent source of
protein for vegetarians and vegans. Vegetarians have important role of dried beans in their
diets because it contributes to some of the health benefits.
Despite of their high nutritional quality people are not including beans in their diet because of
unawareness Adzuki beans are one such bean that have many nutritious and medical properties
but underestimated. Adzuki bean (Vigna angularis) is one such under-explored bean which
needs to be explored for its possible food use. Adzuki bean is a traditional edible underutilized
legume.
The crop of adzuki bean (Vigna angularis (Willd.) Ohwi & H. Ohashi) is widely cultivated in
East Asian countries, mainly in China, Japan and Korea, where it has been cultivated for
thousands of years. Adzuki bean is one of the high-value and popular food legumes like
soybean and mung bean (Liu and Xu. 2016) 241,
“Adzuki” is Japanese word which means small due to its small shape it got Nameadzuki beans
(Small beans). There are at least 60 varieties of adzuki beans, and they’re grown in more than
30 countries of the world (Kramer et al. 2012) 191,
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It is widely grown in the northeast and northern parts of
China. In India its cultivation is confined to North- east and
Northern hill zones. In Himachal Pradesh Azuki beens are
grown in Sirmour, Chamba, Mandi and Kangra district
(Shweta, 2013) 3. You may know adzuki beans as azuki
beans, aduki bean, red beans, or red mung beans. Like other
types of beans and peas, they are part of the legume family
(Gohara et al. 2016) . Adzuki beans are available in many
varieties around the world depending on grain size and color,
harvest time, climate and region where it is cultivated. In
Asiatic countries, variety of foods can be prepared by millions
of people using adzuki beans (e.g., paste in pastries, desserts,
cake, porridge, adzuki rice, jelly, adzuki milk, ice cream)
(Lestari, 2014) 2,

Adzuki bean are small red beans that have an inherently
sweet, nutty taste. Apart from their taste, Adzuki bean seed is
an important source of protein, starch, mineral elements, and
vitamins. Adzuki bean is referred to as the “weight loss bean”
because of its low calorie and fat content, digestible protein
and ample bioactive compounds (Kitano-Okada, 2012) [,
Azuki bean have potential to fulfill human requirements by
possess both nutraceutical and nutritional properties.
However, adzuki’s global use for human consumption has
been restrained partly due to limited knowledge about its
nutrient composition and the processing challenges faced in
making adzuki-based food products (Agarwal and Chauhan,
2019) [@ So, there is great scope for utilization of this grain
for the development of processed and health food products. In
this research paper physical characteristics, nutrient
composition and finally, the potential health benefits that
could be associated with higher consumption of adzuki are
highlighted. To simplify and enhance the design of the
machinery for harvesting, processing, and storing crops,
knowledge of physical attributes is crucial. On the basis of
physical qualities, several cleaning, grading, and separation
operations are created. The size, shape, and density properties
of the material have a significant impact on how many
different types of machines operate. The potential of these
materials in product development is efficiently utilised
through the design of new processing equipment and the
adaption of existing ones. According to Yalcin and Orzarslan
(2004), the physical characteristics of food products are
crucial in the modelling and computation of heat and mass
transfer during basic food processing and freezing. Therefore,
the physical characteristics of legumes must be taken into
consideration when building machinery and facilities for tasks
like harvesting, handling, conveying, separating, drying,
aerating, storing, and mechanically extracting oil, among
others. Functional qualities provide insight into how foods
interact with other components of a system, either as a
processing aid or as a direct contributor to product attributes.
During the preparation, processing, and storage of food, the
majority of functional features have an impact on the sensory
qualities of the food or food ingredients (Oyebode et al.,
2007) [l Considering all of their useful qualities, legumes
are frequently used in the food industry. In the creation of
new industrial food products, functional qualities are crucial.
According to Yalcin and Orzarslan (2004) and Oyebode et al.
(2007) ™1 they may be affected by factors including pH,
proteinsource, lipid, drying processes, concentration, etc.
Engineers, food scientists, and processors will benefit from
several physical characteristics of these legumes, such as
form, size, and specific gravity, in order to develop effective
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processes and machinery for clearing, sorting, and grading.

2. Materials and Methods

2.1 Samples and Sample Preparation

The Flour legumes seeds samples were: IC 341960, IC
341944, 1C 341951, HPU 51, Local Totru. The legumes seeds
were dry cleaned by removing particles such as stone, broken
seeds, immature seeds and other unwanted materials.

2.2 Physical properties of Raw legume Seeds

2.2.1 Determination of seed weight

About 100 seeds of equivalent sizes were selected. One
hundred seeds of comparable sizes were chosen. A chemical
balance was used to carefully weigh and count the seeds.
Ohaus Adventurer AR3130 (Idowu, 2005) 2],

2.2.2 Determination of seed size

One hundred seeds from the majority of each sample were
chosen at random to ascertain the size of the seeds. Each of
the 100 seeds was measured with a vernier calliper to 0.01
mm to determine the seed sizes in terms of the three linear
dimensions: length, L, in millimetres; width, W, in
millimetres; and thickness, T, in millimetres. (Mohsenin,
2007; ldowu, 2005) 26. 251,

2.2.3 Determination of Geometric Mean

Diameter and Degree of Sphericity

Using the following mathematical relationships, the geometric
mean diameter and degree of Sphericity of the seeds were
calculated:

De = (LWT) %

o LWT)%
L

Where,

L =length, mm

W =width, mm

T = thichness, mm

(Mohsenin, 2007; Conskuner and Karababa, 2007) [26. 801,

2.2.4 Determination of Surface Area

Each of the legume seeds' surface area, SA, in cm?, was
calculated using the relationship provided by Conskuner and
Karababa (2007) [,

Sa=1D &2

Where

SA= surface area

n=3.142

De = geometric mean diameter

2.2.5 Bulk density

The technique was used to calculate the bulk density, as
described by Eabekun and Ehieze (1997) ?°1. A 50 g milled
sample was placed in a graduated cylinder with a capacity of
100 ml. The bulk density was estimated as the weight per unit
volume of the sample after the cylinder.

2.2.6 Determination of angle of repose
Common beans' flow-ability was evaluated using the angle of
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repose, which is crucial for material handling machinery.
Known precautions: an experiment was conducted using two
cylindrical containers, one of which was hollow and was
placed on top of the closed container. Samples of common
beans were placed in each container. The hollow container
was gradually taken away in an upward motion.
instructions about how to get beans to spill out of the covered
container of the conical shape's creation Koocheki et al.
(2007) B9 and Bart-Plange et al. (2012) B, The apex
elevation was measured, and the calculation of the repose
angle ¢ trigonometry rule Bart-Plange et al. (2005) 21 was
used. Previously used for category B cocoa beans and
"Obatanpa" in Bart-Plange and Baryeh (2003) B3 and Bart-
Plange et al. (2005) 2. Respectively, a kind of maize depict
the experimental setup for measuring the repose angle.

The angle of repose

=tan'te _
ﬁdjacent =tan~hr
2.3. Functional properties of legume flour
2.3.1 Water Absorption Capacity (WAC)
The water absorbing capacity was calculated using
the techniques used by Sosulski et al. in 2002 B4 and
Onimawo et al. (2003) 5. Twenty milliliters of water were
combined with a 2 g sample of each bean, let to remain at
room temperature for a while, distilled water, followed by 30
minutes of 2,000 xg centrifugation. The capacity to absorb
water was then stated as a percentage of water taken up per
gram of sample.

vV V1
%WAC = T

X 100

Where,
V1 = volume of water absorbed, cm3and V2 = volume of
water used, cmq.

2.3.2 Qil Absorption Capacity (OAC)

Additionally, the oil absorption capability was calculated
using the approach outlined by Onimawo and Sosulski in
2002 et al. (2003) 31, The sample, weighing two grams, was
combined with 20 milliliters of refined, known-specific
gravity soybean oil. Following that, it was allowed to stand at
room temperature for 30 minutes and then 2000
xg centrifuged for 30 minutes. Oil absorption capacity (OAC)
was stated as a percentage of oil absorbed per gram of sample.

V1

X 100

Where,
V1 = volume of oil absorbed, cm?3
V2 = volume of oil used, cm?®

2.3.3 Foaming Capacity (FC) and Foaming Stability (FS)

The foaming strength (FS) and capacity (FC) of the procedure
outlined by was used to determine the samples. Onimawo et
al. (2003) *31, and YUSUF & CO (2007). The sample was put
in two grams. Fill a graduated 100-ml cylinder with 50 ml of
distilled water. The suspension was then combined and
agitated to create foam for five minutes. Following whipping
for 30 seconds, the amount of foam was expressed using the
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following formula to calculate foaming capacity:

P = V2 -v1
o
Where,
V1 = volume of foam before whipping, cm3
V2 = volume of foam after whipping, cm3
One hour later, the foam was measured in volume,
using whipping to calculate the percentage of foaming
stability.

2.3.4 Hydration Capacity and Hydration

Index

The legume's 100 seeds were counted and weighed. The seeds
were then put into a measuring cylinder. A hundred milli
litres of distilled water were added. An aluminium foil
covering was then placed over the cylinder, and left to remain
at room temperature for 12-18 hours. Decanting was used to
collect the water, and with the help of afilter paper.
Following that, the seeds were measured and the following
parameters were calculated to determine hydration capacity:

He = W2 -wi1
(seed

Where,

W1 = weight of seeds before soaking

W?2 = weight of seeds after soaking

n = number of seeds

The hydration index (HI) was calculated using the formula
below:

HC

HI
w

Where,
HC = Hydration Capacity per seed
W = Weight of one seed (g)

2.4 Nutritional analyses

The Association of Official Analytical Chemists (AOAC,
2005) guidelines were followed while analysing the various
flours for moisture, ash, crude proteincrude fat, crude fibre,
and carbohydrate contents in triplicate. The flours were dried
in an oven for three hours at 105 °C. The nitrogen content was
calculated using factor 6.25, while the protein content was
calculated using the Kjeldahl technique. The Soxhlet
extraction technique was used to determine the fat content.
The muffle furnace was used to measure the ash at 550°C for
two hours. The flour sample was first digested with acid to
determine the amount of crude fibre, and then it was rinsed
with distilled water. The material was also alkali digested
before being cleaned once more with distilled water. In a hot
air oven, the residue was dried, and the amount of fibre was
determined. According to Ranganna (1986), the formula for
calculating the amount of carbohydrates is: [100 - (moisture +
ash + protein + fat + fibre)]. The findings were given in
weighted averages. The energy content was calculated using
the Atwater factor, with each gramme of fat being multiplied
by 9 kcal/g and each gramme of carbohydrate and protein
being multiplied by 4 kcal/g.

~3674"7
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3. Result and Discussion

3.1 Legume seed sample description

Each of the legume seed samples utilized for this
investigation is depicted in a photograph on Plates 1 to 5
shown in figure 1. Table 1 listed the details information

IC 341960

‘ X

IC 341944

LOCALTOTRU
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regarding these five different types of legumes. The weight of
the each type of legumes is shown in the table for different
types of legumes. As we can see that the sample code IC
341944 shown the heaviest seed per 1000 seeds and the
lightest seed was found in LOCAL TOTRU.

IC 341951

Table 1: Legume seed samples, sources of collection

SIN Sample code Local name Source of collection Mean weight (gm) per 1000 seeds
1 IC 341960 Adzuki beans Kangra (HP) 81.67+1.527525232
2 IC 341944 Adzuki beans Chamba (HP) 130.90+2.00748599
3 IC 341951 Adzuki beans Chamba (HP) 73.27+0.642910051
4 HPU 51 Adzuki beans Kangra (HP) 84.10+0.854400375
5 LOCAL TOTRU Adzuki beans Kangra (HP) 44.13+0.321455025

3.2.1. Seed Weights and Sizes

The seed weights and sizes are listed in Table 2 according to
the three linear parameters of length, breadth, and thickness.
From the results shown in table 2 we observed that the seed
sizes are varied from different variety of Adzuki seeds. The
sample code I1C 341944 having bigger size seeds as compared

with other variety. Similarly the small size seeds were found
of LOCAL TOTRU. Other hand the sample code IC 341960,
IC 341951 and HPU 51 shown the similar types of seed
morphology. The data was shown in studied of 1000 seeds per
species.

Table 2: The seed weights and sizes of selected under utilsed legumes

Sample code Mean weight (gm) per 1000 seeds Length(cm) Width (cm) Thickness (cm)
1C 341960 81.67+1.527525232 6.90+0.3 4.73+0.11547 4.33+0.1154701

1C 341944 130.90+2.00748599 7.53+0.472582 5.734£0.152753 5.3040.3
I1C 341951 73.27+0.642910051 6.57+0.288675 4.60+0.458258 4.23+0.4041452
HPU 51 84.10+0.854400375 6.67+0.416333 5.00+0.264575 4.67+0.4725816
LOCAL TOTRU 44.13+0.321455025 5.00+0.3 3.77+0.152753 3.37+0.1527525

Values are means of three replicates standard deviation; means with different letters in the same column are significantly different (p<0.05).

3.2.2. Other Physical Properties of the Legume Seeds

Table 3 presents the results of a study on the physical
properties of legume seeds. These physical properties include
the geometric mean, surface area, degree of Sphericity, and
bulk density. In this context, each of these properties refers to

a specific characteristic of the seeds that can be measured or
calculated. The geometric mean is a measure of central
tendency that is calculated by taking the nth root of the
product of n numbers. In the context of this study, the
geometric mean is used to describe the average size of the
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legume seeds. Specifically, it is calculated as the square root
of the product of the length, width, and thickness of each
seed. The surface area of a seed is the total area of its outer
surface. This property is important because it can affect the
rate at which water and nutrients are absorbed by the seed. In
this study, the surface area of the legume seeds was measured
using a specialized instrument called a surface area analyzer.

The degree of sphericity is a measure of how closely a seed
resembles a perfect sphere. This property is important because
it can affect the way in which the seed interacts with its
environment, including how it rolls or moves through soil. In
this study, the degree of sphericity of the legume seeds was
calculated by comparing the surface area of the seed to that of
a perfect sphere with the same volume. Finally, the bulk
density of the seeds is a measure of their mass per unit
volume. This property is important because it can affect the
storage and transportation of the seeds. In this study, the bulk
density of the legume seeds was measured by filling a
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container of known volume with a known mass of seeds and
then calculating the mass per unit volume. Overall, the
physical properties of legume seeds are important to
understand because they can affect how the seeds grow and
develop, as well as how they are stored and transported. By
measuring and analyzing these properties, researchers can
gain insight into the underlying mechanisms that govern seed
growth and development, and develop better methods for
producing and managing legume crops. From the data showed
in table 3 we observed that the sample code IC 341944
showed the highest geometric mean diameter around
229+27.79 followed by HPU 51 (156.58+29.78) and then IC
341960 (141.40+3.25). The minimum geometric mean
diameter was found in LOCAL TOTRU seeds. Similarly the
surface area, degree of sphericity and bulky density was also
observed maximum in legume sample of IC 341944 and
minimum value observed in LOCAL TOTRU seed.

Table 3: Some physical properties of the legume seeds

Legume samples Geometric mean diameter (mm) Surface area(mm?) Degree of sphericity(mm) Bulk density (g/cm3)
IC 341960 141.4043.25 85.28+1.30 0.76+0.03 0.81+0.003
IC 341944 229.46+27.79 117.6349.56 0.81+0.02 0.83+0.004
IC 341951 129.28+30.23 80.01+12.44 0.77+0.03 0.82+0.005
HPU 51 156.58+29.78 91.03+11.56 0.81+0.03 0.77+0.005
LOCAL TOTRU 63.43+5.98 49.94+3.11 0.80+0.02 0.85+0.005

Values are means standard deviation (n=3); means with different letters in the same column are significantly different (p<0.05).

Further we analyze some other physical properties of the
legume seeds are listed in table 4. The results shown that
some other physical properties such as true density, porosity,
angle of repose, aspect ratio and mean diameters of the
legume seeds of different variety.

True density: True density refers to the density of a material
without any air pockets or voids. In the case of legume seeds,
true density can be measured by determining the mass of a
known volume of the seeds. The true density of legume seeds
can be an important factor in determining their quality and
suitability for different applications. We observed that the true
density maximum observed in legume sample LOCAL
TOTRU (1.23+£0.03) and minimum was found in sample I1C
341951 (1.05+0.06).

Porosity: Porosity is the measure of the void space in a
material. In the case of legume seeds, porosity can be an
important factor in determining their ability to absorb water
and nutrients, as well as their susceptibility to spoilage. The
highest porosity was observed in LOCAL TOTRU
(54.0945.39) and lowest was found in sample IC 341951
(26.96+9.04).

Angle of repose: The angle of repose is the maximum angle at
which a material can be piled up without it collapsing. In the
case of legume seeds, the angle of repose can be an important
factor in determining their flow ability and ease of handling.

The maximum angle of repose was found in sample IC
341951 (26.46£1.65) and minimum angle of repose was
found in LOCAL TOTRU (21.81+1.35).

Aspect ratio: Aspect ratio refers to the ratio of the length of an
object to its width. In the case of legume seeds, aspect ratio
can be an important factor in determining their shape and size,
which can impact their suitability for different applications.
The aspect ratio was found maximum in IC 341944 and
LOCAL TOTRU (0.76+0.05 and 0.76+0.02 respectively) and
the minimum aspect ratio was observed in legume sample IC
341960 (0.69+0.03).

Mean diameters: The mean diameter of legume seeds can be
an important factor in determining their size and shape, which
can impact their suitability for different applications. The
mean diameter is typically calculated as the average of the
largest and smallest diameters of the seeds. From the result
shown in table 4 we observed that the highest mean diameter
was found in the legume sample IC 341944 (6.19+0.25 mm)
and lowest diameter was found in LOCAL TOTRU
(4.04+0.14 mm).

Overall, understanding these physical properties of legume
seeds can be important for determining their suitability for
different applications, such as food production, animal feed,
or industrial uses.

Table 4: Some other physical properties of the legume seeds

Legume samples True density Porosity Angle of repose Aspect ratio Mean diameters (mm)
1C 341960 1.12+0.02 39.91+2.39 27.72+1.26 0.69+0.03 5.32+0.07
IC 341944 1.13+0.03 38.94+4.90 23.59+0.47 0.76+0.05 6.19+0.25
IC 341951 1.05+0.06 26.96+9.04 26.46+1.65 0.70+0.04 5.13+0.36
HPU 51 1.17+0.07 51.48+10.98 23.25+2.59 0.75+0.04 5.45+0.33
LOCAL TOTRU 1.23+0.03 54.09+5.39 21.81+1.35 0.76+0.02 4.04+0.14

Values are means standard deviation (n=3); means with different letters in the same column are significantly different (p<0.05).
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3.3 Functional Properties

3.3.1 Water and Oil Absorption Capacity

Water and oil adsorption capacity refers to the ability of a
material to attract and hold water or oil molecules on its
surface. This property is important in many applications, such
as water treatment, oil spill cleanup, and food processing.
Table 5 presents the information regarding the water and oil
adsorption capacity of various legumes that were utilized in
the current study. We have also listed the other functional
properties of these legume seeds. The maximum WAC in %
was found in legume sample LOCAL TOTRU (1.60+2.72)
and minimum was observed in HPU 51 (1.03+0.05). Next the
OAC in % highest OAC was observed in IC 341951 and
Local TOTRU (0.93+0.11 in both cases) and minimum OAC
was found in IC 341960 and IC 341944 (0.67+0.28 in both
cases). The adsorption capacity of a material for water or oil
depends on its surface properties, such as surface area,
porosity, and chemical composition. Materials with high
surface area and porosity have more sites available for water
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or oil molecules to adsorb onto, resulting in higher adsorption
capacity. In addition, the chemical composition of the
material can also affect its adsorption capacity. For example,
materials with hydrophobic (water-repelling) properties will
have a higher adsorption capacity for oil than for water, while
materials with hydrophilic (water-attracting) properties will
have a higher adsorption capacity for water than for oil. To
measure the adsorption capacity of a material, various
methods are used, including gravimetric analysis, which
involves weighing the material before and after exposure to
the water or oil, and spectroscopic techniques, which measure
changes in the material's surface properties before and after
exposure. The adsorption capacity of a material is an
important consideration when selecting a material for a
particular application. For example, in oil spill cleanup,
materials with high oil adsorption capacity are preferred,
while in water treatment, materials with high water adsorption
capacity are preferred.

Table 5: Functional properties of the selected underutilized legumes

Functional Analysis (%) WAC (%) OAC (%) HC (g/seed) HI (per Seed) | SC (per seed) SI
IC 341960 1.23+0.05 0.67+0.28 0.05+0.00 0.54+0.02 0.04+0.00 0.50+0.01
IC 341944 1.13+0.15 0.67+0.28 0.08+0.00 0.79+0.00 0.05+0.00 0.55+0.02
IC 341951 1.07+0.11 0.93+0.11 0.08+0.00 0.80+0.01 0.07+0.00 0.78+0.01
HPU 51 1.0340.05 0.77+0.05 0.07+0.00 0.67+0.03 0.08+0.00 1.00+0.01
LOCAL TOTRU 1.60+2.72 0.93+0.11 0.08+0.00 0.95+0.00 0.08+0.00 1.33+0.02

Values are means of three replicates and standard deviation; means with different letters in the same column are significantly different (p
<0.05).WAC=water absorption capacity; OAC=oil absorption capacity; HC= hydration capacity; HI= hydration index; SC= swelling capacity

and Sl=. Swelling index.

3.3.2 Nutritional and Functional properties of different
types of flours

Legume flours are a good source of protein, dietary fiber, and
complex carbohydrates, while containing low levels of fat
(Table 6). Proteins found in legume flours are considered to
be of high quality because they contain all essential amino
acids required by the human body. Legumes also contain a
significant amount of dietary fiber, which is beneficial for
digestive health and can help lower cholesterol levels.
Additionally, legume flours are rich in complex
carbohydrates, which are a good source of sustained energy
and can help regulate blood sugar levels.

Legume flours have several functional properties that make
them useful in various food applications. One of the most
significant functional properties of legume flours is their
ability to gelatinize, meaning they can form gels when heated
in water. This property makes legume flours useful as
thickeners and stabilizers in food products such as soups,

sauces, and gravies. Legume flours also have emulsification
properties, meaning they can help mix and stabilize oil and
water-based ingredients. This property makes legume flours
useful as emulsifiers in food products such as salad dressings
and sauces. In addition, legume flours have water-holding
capacity, meaning they can absorb and hold water. This
property makes legume flours useful as binding agents in food
products such as burgers, meatballs, and sausages. Lastly,
legume flours have been found to have antioxidant properties
due to their high content of phenolic compounds. These
compounds can help protect against oxidative damage caused
by free radicals and may have potential health benefits. In
conclusion, legume flours are a nutritious and versatile
ingredient with several functional properties that make them
useful in a variety of food applications. Incorporating legume
flours into the diet can provide health benefits and add
diversity to the diet.

Table 6: Nutritional and Functional properties of different types of flours

Nutritional Analysis (%) Moisture Ash Protein Fat Fibre
IC 341960 5.92+0.08 3.83+0.58 29.76+10.93 2.77+£1.44 4.73+0.10
IC 341944 7.31+0.17 3.67+0.32 27.43+5.05 0.89+0.37 3.58+0.15
IC 341951 6.93+0.30 3.70+0.18 34.43+2.20 0.95+0.74 4.19+0.12
HPU 51 6.99+0.13 4.13+0.50 32.10+2.02 0.55+0.22 4.89+0.02
LOCAL TOTRU 7.19+0.03 4.03+0.45 27.14+0.87 1.23+0.82 4.07+0.01

4. Conclusion

This study provided basic information on the composition and
physical parameters of five bean varieties. The white variety
has the best characteristics (physical and physicochemical)
and a reduced cooking time (45 min). Proteins, ash and fibers

contents of both varieties present no significant difference (p
<0.05). The mineral content differs significantly from one
variety to another and the most dominant are potassium,
phosphorus and calcium. The research results can be used by
investigators and food businesses to develop recipes for
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processed bean foods, including fortified products.

5. References

1.

10.

11.

12.

13.

14.

Yousif AM, Kato J, Deeth HC. Effect of Storage on the
Biochemical Structure and Processing Quality of Adzuki
Bean (Vigna angularis). Food Reviews International.
2007;23(1):1-33.

Agarwal S, Chauhan ES. Adzuki beans- Physical and
nutritional characteristics of beans and its health benefits.
Int. J Health Sci. Res. 2019;9(4):304-310.

Gohara AK, de Souza AHP, Gomes STM, de Souza NE,
Visentainer JV, Matsushita M. Nutritional and bioactive
compounds of adzuki bean cultivars using chemometric
approach. Ciéncia e Agrotecnologia. 2016;40(1):104-113.
Amarowicz R, Troszy Nska A, Baryfko-Pikielna N,
Shahid F, et al. Polyphenolicsextracts from legume seeds:
Correlations  between total antioxidant activity,
totalphenolics content, tannins content and astringency. J
Food Lipids. 2004;11(4):278-286.

Carocho M, Ferreira ICF. A review on antioxidants,
prooxidants and related controversy: Natural and
synthetic ~ compounds, screening and  analysis
methodologies and future perspectives. Food and
Chemical Toxicology. 2013;51(1):15-25.

Han KH, Fukushima M, Kato T, Kojima M, Ohba K,
Shimada K, et al. Enzyme-resistant fractions of beans
lowered serum cholesterol and increased sterol excretions
and hepatic mRNA levels in rats. Lipids.
2003b;38(9):919-924.

Han KH, Fukushima M, Ohba K, Shimada K, Sekikawa
M, Chiji H, et al. Hepatoprotective effects of the water
extract from adzuki bean hulls on acetaminophen-induced
damage in rat liver. J Nutr. Sci. Vitaminol. (Tokyo).
2004;50(5):380-383.

Han KH, Fukushima M, Shimizu K, Kojima M, Ohba K,
Tanaka A, et al. Resistant starches of beans reduce the
serum cholesterol concentration in rats. J Nutr. Sci.
Vitaminol. (Tokyo). 2003a;49(4):281-286.

Hori Y, Sato S, Hatai A. Antibacterial activity of plant
extracts from adzuki beans (Vigna angularis) in vitro.
Phytother. Res. 2006;20(2):162-164.

lida T, Yoshiki Y, Kahara T, Okubo K, Ohrui H. A
saponin conjugated with 2, 3-dihydro-2, 5-dihydroxy-6-
methyl-4H-pyran-4-one  from  Vigna  angularis.
Phytochemistry. 1997;45(7):1507-1509(3).

lida T, Yoshikia Y, Okuboa K, Ohruia H, Kinjob J,
Nohara T. Triterpenoid saponins from Vigna angularis.
Phytochemistry. 1999;51:1055-1058.

Institute of Medicine. Dietary reference intakes for
energy, carbohydrate, fiber, fat, fatty acids, cholesterol,
protein, and amino acids. Washington: National
Academy Press; ¢2002. p. 200.

Itoh T, Hori Y, Atsumi T, Toriizuka K, Nakamura M,
Maeyama T, et al. Hot water extract of adzuki (Vigna
angularis) suppresses antigen-stimulated degranulation in
rat basophilic leukemia RBL-2H3 cells and passive
cutaneous anaphylaxis reaction in mice. Phytother. Res.
2012;26(7):1003-1011.

Itoh T, Itoh Y, Mizutani M, Fujishiro K, Furuichi Y,
Komiya T, et al. Hot-water extracts from adzuki beans
(Vigna angularis) suppress not only the proliferation of
KATO III cells in culture but also benzo (a) pyrene-
induced tumorigenesis in mouse forest match. J Nutr. Sci.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

~3678"7

https://www.thepharmajournal.com

Vitaminol. (Tokyo). 2004a;50(4):295-299.

Itoh T, Kita N, Kurokawa Y, Kobayashi M, Horio F,
Furuichi Y. Suppressive effect of a hot water extract of
adzuki bean (Vigna angularis) on hyperglycemia after
sucrose loading in mice and diabetic rats. Bio sci.
Biotechnol. Biochem. 2004b;68(12):2421-2426.
Jayawardana BC, Hirano T, Han KH, Ishii H, Okada T,
Shibayama S, et al. Utilization of adzuki bean extract as a
natural antioxidant in cured and uncured cooked pork
sausages. Meat Sci. 2011;89(2):150-153.

Kitagawa I, Wang HK, Saito M, Yoshikawa M. Saponin
and sapogenol. XXXII. Chemical constituents of the
seeds of Vigna angularis (Willd.) Ohwi et Ohashi.(2).
Adzukisaponins I, I, I, and V. Chem. Pharm. Bull.
1983a;31(2):674-682.

Kitagawa |, Wang HK, Saito M, Yoshikawa M. Saponin
and sapogenol. XXXIIIl. Chemical constituents of the
seeds of Vigna angularis (Willd.) Ohwi et Ohashi. (3).
Adzukisaponins V and VI. Chem. Pharm. Bull.
1983b;31(2):683-688.

Kramer C, Soltani N, Robinson DE, Swanton CJ,
Sikkema PH. Control of volunteer adzuki bean in
soybean. Agric. Sci. 2012;3:501-509.

Lestari P, Kang YJ, Han KS, Gwag JG, Moon JK, Kim
YH, et al. Genome-wide single nucleotide polymorphism
discovery and validation in adzuki bean. Mol Breed.
2014;33(2):497-501.

Li LM, Liu BG, Zheng XL. Bioactive ingredients in
adzuki  bean sprouts. J Med. Plants Res.
2011;5(24):5894-5898.

LIN PY, LAI HM. Bioactive compounds in legumes and
their germinated products. Journal of Agricultural and,
Food Chemistry. 2006;54(11):3807-3814.

Yang LLT, Liu R, Redden B, Maalouf F, Zong X.
Science Direct. 2017;5:115-126.

Liu R, Xu B. Bioactive Compositions and Health
Promoting Effects of Adzuki Bean. Phytotherapeutics-I111.
2016;44:23-43.

Idowu MA. An investigation into some factors affecting
quality and storage characteristics of “Orunla” [okra
(Abelmoschus esculentus)] powder. A Ph.D. thesis
submitted to the department of Food Science and
Engineering, Ladoke Akintola University of Technology,
Ogbomoso; ¢2005. p. 35-42.

Mohsenin NN. Physical properties of plant and animal
materials. Gordon and Beach. Science Publishers, New
York; c2007.

Joshi DC, Das SK, Mukherjee RK. Physical properties of
pumpkin seeds, Journal of Agricultural Engineering
Research. 1993;54(3):219-229.

Tscheuschner HD, Mohsenin NN. Physical Properties of
Plant and Animal Materials. Structure, Physical
Characteristics and Mechanical Properties. 2. Aufl. 891
Seiten, zahlr. Abb. und Tab, Gordon and Breach Science
Publishers, New York, NY, USA. 1987, 31.

Eabekun MK, Ehieze MU. Proximate Composition and
functional properties of full fat defeated beni seed
(Sesmum indicum L.) Plant Foods Num. Nutr.
1997;51:35-40.

Koocheki SMA, Milani RE, et al. Physical properties of
watermelon seed as a function of moisture content and
variety, International Agrophysics. 2007;21(4):349-359.
Bart-Plange KA, Dzisi, Ampah J. Effect of drying on


https://www.thepharmajournal.com/

The Pharma Innovation Journal

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

selected physical properties of, Asontem cowpea variety,
ISRN Agronomy; c2012.

Bart-Plange AA, Dzisi K. The effects of rewetting and
drying on selected physical properties of Obatanpamaize
variety, Journal of the Ghana Institution of Engineers.
2005;3(1):12-15.

Bart-Plange, Baryeh EA. The physical properties of
Category B cocoa beans, Journal of Food Engineering.
2003;60(3):219-227.

Sosulski FW, Elkowicz L, Reichert RD. Oligosaccharides
in eleven legumes and their air-classified protein and
starch fractions. J Food Sci. 2002;47:498-502.

Onimawo IA, Nmerole EC, Ndoko PI, Akubor PI. Effects
of fermentation on nutrients content and some functional
properties of pumpkin seed (Telfairia occidentalis). Plant
Foods for Human Nutrition. 2003;58:1-9.

Mahatma MK, Thawait LK, Bishi SK, Khatediya N,
Rathakumar AL, Lalwani HB, et al. Nutritional
composition and antioxidant activity of spinach and
virgina groundnuts  (Arachis hypogaea L.): A
comparative study. J Nutr. 2016;53(5):2279-2286.
Malaguti M, Dinelli G, Leoncini E, Bregola V, Bosi S,
Cicero AF, et al. Bioactive peptides in cereals and
legumes: agronomical, biochemical and clinical aspects.
International Journal of Molecular Sciences, 2014,
15(11).

Maruyama C, et al. Azuki bean juice lowers serum
triglyceride concentrations in healthy young women.
Journal of Clinical Biochemistry and Nutrition.
2008;43(1):19-25.

Mina Kim, Jeong-Eun Park, Seok-Bo Song, Youn-Soo
Cha. Effects of Black Adzuki Bean (Vigna angularis)
Extract on Proliferation and Differentiation of 3T3-L1
Preadipocytesinto Mature Adipocytes. 2015;7(1):277-
292.

Mukai Y, Sato S. Polyphenol-containing adzuki bean
(Vigna angularis) extract attenuates blood pressure
elevation and modulates nitric oxide synthase and
caveolin-1 expressions in rats with hypertension. Nutr.
Metab. Cardiovasc. Dis. 2009;19(7):491-497.

Mukai Y, Sato S. Polyphenol-containing adzuki bean
(Vigna angularis) seedcoats attenuate vascular oxidative
stress and inflammation in spontaneously hypertensive
rats. J Nutr. Biochem. 2011;22(1):16-21.

Peterbauer T, Brereton I, Richter A. Identification of a
digalactosyl ononitol from seeds of adzuki bean (Vigna
angularis). Carbohydr. Res. 2003;338(19):2017-2019.
Physicochemical, cooking and textural characteristics of
some Indian black gram (Phaseolus mungo L) varieties.
Journal of the Science of Food and Agriculture.
2004;84(9):977-982.

Punia S, Dhull SB, Sandhu KSKaur M, Purewal SS.
Kidney bean (Phaseolus Ratnayake, W. M.; Galli, C. Fat
and fatty acid terminology, methods of analysis and fat
digestion and metabolism: A background review paper.
Annals of Nutrition and Metabolism. 2020;55(1-3):8-43.
Sai SS, Ketnawa S, Chaiwut P, Rawdkeen. Biochemical
and functional properties of protein from red kidney,
nevy and adzuki beans. Asian Journal of Food and Agro
Industry. 2009;2:493-504.

Sai SS, KetnawaS, Chaiwut P, Rawdkuen. Biochemical
and Functional properties of protein from red kidney,
navy and Azuki beans. Asian Journal of Food and Agro

47,

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

~3679 7™

https://www.thepharmajournal.com

Industry. 2009;2:493-504.

Sato S, Hori Y, Yamate J, Saito T, Kurasaki M, Hatai A.
Protective effect of dietary adzuki bean (Vigna angularis)
seed coats against renal interstitialfibrosis of rats induced
by cisplatin. Nutrition. 2005a;21(4):504-511.

Sato S, Mukai Y, Yamate J, Kato J, Kurasaki M, Hatai A,
Sagai M. Effect of polyphenol-containing adzuki bean
(Vigna angularis) extract on blood pressure elevation and
macrophage infiltration in the heart and kidney of
spontaneously hypertensive rats. Clin. Exp. Pharmacol.
Physiol. 2008;35(1):43-49.

Sato S, Yamate J, Hori Y, Hatai A, Nozawa M, Sagai M.
Protective effect of polyphenol-containing adzuki bean
(Vigna angularis) seed coats on the renal cortex in
streptozotocin-induced diabetic rats. J Nutr. Biochem.
2005b;16(9):547-553.

Shi, et al. Shi Z, Yao Y, Zhu Y, Ren G. Nutritional
composition and biological activities of 17 Chinese
adzuki bean (Vigna angularis) varities; c2015. p. 78-89.
Shi J, Arunasalam K, Yeung D, Kakuda Y, Mittal G,
Jiang YM. Saponins from edible legumes: Chemistry,
processing, and health benefits. Journal of Medicinal
Food, 2004, 7(1).

Shridhar K Sathe, Deshpande SS, Salunkhe DK, Joseph J
Rackis. Dry beans of phaseolus. A review. Part 2.
Chemical composition: Carbohydrates, fiber, minerals,
vitamins, and lipids, C R C Critical Reviews in Food
Science and Nutrition. 1984;21(1):41-93.

Shweta. Study on the Biochemical profile of different
VIGNA SPP. Prevalent under mid hill conditions of
Himacal Pradesh. Phd Thesis. Department of Chemistry
and Biochemistry, CSK Himachal Pradesh Krishi
Vishvavidyalaya, Palampur, India; c2013. p. 4-66.
Sreerama YN, Takahashi Y, Yamaki K. Phenolic
antioxidants in some Vigna species of legumes and their
distinct inhibitory effect on a — glucosidase and
pancreatic lipase activities. Journal of food Science.
2012;77(9):C927-C933.

Tjahjadi C, Lin S, Breene WM. Isolation and
characterization of adzuki bean (Vigna angularis Takara)
Proteins. Journal of Food Science. 1966;53:1438-1443.
Tomoko Kitano-Okada's, Ayano Ito's, Ai Koide's, Yumi
Nakamura's. Anti-obesity role of adzuki bean extract
containing polyphenols: In vivo and in vitro effect.
Journal of the  Science of Food and
Agriculture. (Vulgaris) starch: A review. Legume
Science. 2012;92(13):2644-51.

Akaaimo DI, Raji AO. Some physical and engineering
properties of Prosopis africana seed. Biosystems
Engineering. 2006;95:197-205.

Wang S, Meckling KA, Marcone MF, Kakuda Y, Tsao R.
Synergistic, additive and antagonistic effects of food
mixtures on total antioxidant capacities. J Agric. Food
Chem. 2011;59:960-968.

Wati RK, Theppakorn T, Benjakul S, Rawdkuen S.
Trypsin inhibitor from 3 legume seeds: Fractionation and
proteolytic  inhibition  study. J Food  Sci.
2010;75(3):C223-228.

Wu B, Liu XR, Pu SJ, Zhao B, Wan P, Gao JM. Effect of
adzuki beans alcohol extract on decreasing lipid and anti-
obesity of the mice fed a high-fat diet. Journal of Chinese
Institute of Food Science and  Technology.
2011;11(6):13-19.


https://www.thepharmajournal.com/

The Pharma Innovation Journal

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Yada S, Lapsley K, Huang G. A review of composition
studies of cultivated almonds: Macronutrients and
micronutrients. Journal of Food Composition and
Analysis. 2011;24(4-5):469-480.

Yang Yao, Xuzhen Cheng, Lixia Wang, Suhua Wang,
Guixing Ren. A Determination of Potential a-
Glucosidase Inhibitors from Azuki Beans (Vigna
angularis). International Journal of Molecular Sciences.
2011;12(10):6445-6451.

Yao Y, Cheng X, Wang L, Wang S, Ren G. A
determination of potential [-glucosidase inhibitors from
adzuki beans (Vigna angularis). Int. J Mol. Sci.
2011a;12(10):6445-6451.

Yao Y, Cheng X, Wang S, Wang L, Ren G. Influence of
altitudinal variation on the antioxidant and antidiabetic
potential of adzuki bean (Vigna angularis). Int. J Food
Sci. Nutr. 2012;63(1):117-124.

Yoshida H, et al. Lipid classes, fatty acid compositions
and triacylglycerol molecular species from adzuki beans
(Vigna angularis). Journal of Food Lipids.
2000;15(3):343-355.

Yoshida H, Tomiyama Y, Yoshida N, Shibata K,
Mizushina Y. Regiospecific profiles of fatty acids in
triacylglycerols and phospholipids from adzuki beans
(Vigna angularis). Nutrients. 2010b;2(1):49-59.

Li W, Gao J, Tian X, et al. Compositional,
morphological, and physicochemical proper ties of st
arches from red adzuki bean, chickpea, faba bean, and
baiyue bean grown in China. Food Sci. Nutr.
2010b;201(8):1-10.

Li W, Gao J, Tian X, et al. Compositional,
morphological, and physicochemical proper ties of st
arches from red adzuki bean, chickpea, faba bean, and
baiyue bean grown in China. Food Sci. Nutr.
2018;0(0):1-10

Li W, Gao J, Tian X, et al. Compositional,
morphological, and physicochemical proper ties of st
arches from red adzuki bean, chickpea, faba bean, and
baiyue bean grown in China. Food Sci. Nutr.
2018;0(0):1-10.

Luo J, Cai W, Wu T, Xu B. Phytochemical distribution in
hull and cotyledon of adzuki bean (Vigna angularis L.)
and mung bean (Vigna radiate L.), and their contribution
to antioxidant, anti-inflammatory and anti-diabetic
activities. Food Chem; c2016.

Zhou D,Ma Z,Yin X,Hu X,Boye JI. Structural
characteristics and physicochemical properties of field
pea starch modified by physical, enzymatic, and acid
treatments. Food Hydrocolloids. 2019;93:386-394.

Gong B, Meijuan XU, Bei LI, Hao WU, Yu Liu, Zhang
G, et al. Repeated heat-moisture treatment exhibits
superiorities in modification of structural,
physicochemical and digestibility properties of red
adzuki bean starch compared to continuous heat-moisture
way Food research International. 2017;102:776-784.
Contents lists available at Science Direct Food Research
International Journal.

Soleymani A, Shahrajabian MH, Naranjani L. The
responses of qualitative characteristics and solar radiation
absorption of berseem clover cultivars to various nitrogen
fertilizer levels. Journal of Food, Agriculture and
Environment. 2011;9(2):319-321.

Shahrajabian MH, Sun W, Khoshkharam M, Zandi P, Qi

76.

77.

78.

79.

80.

~3680 "™

https://www.thepharmajournal.com

Cheng. Adzuki beans (Vigna angularis), a Traditional
Chinese Legume for Sustainable Agriculture and Food
Production J BIOL. Environ. Sci. 2019;13(38):79-84.
Limin Li, Benguo Liu, Zheng X. Bioactive ingredients in
adzuki bean sprouts. Journal of Medicinal Plants
Research. 2011;5(24):5894-5898.

Shi Z, Yao Y, Zhu Y, Ren G. Nutritional composition
and biological activities of 17 Chinese adzuki bean
(Vigna angularis) varities; c2016. p. 78-89.

Lee JH, Ham H, Kim MY, Ko JY, Eun-Yeong S, Hyun-
Joo K, et al. Phenolic compounds and antioxidant activity
of adzuki bean cultivars. Legume Research.
2018;(41):681-688.

Hawkins AC, Howard RA, Oyebode JR. Stress and
coping in hospice nursing staff. The impact of attachment
styles. Psycho-Oncology: Journal of the Psychological,
Social and Behavioral Dimensions of Cancer. 2007
Jun;16(6):563-72.

Conskuner Y, Karababa E. Some physical properties of
Flaxseed (Linum usitatissimum L.). Journal of Food
Engineering. 2007;78:1067-73.


https://www.thepharmajournal.com/

