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Abstract

Legumes are an essential component of our diet especially in developing world; they are widely grown and
consumed in various regions, and excellent sources of proteins and complex carbohydrates. Six kidney bean
varieties were evaluated for their functional and cooking properties. Samples of kidney beans used in present
study were procured from Mountain Agriculture Research and Extension Centre, Sangla (Kinnaur) of
Himachal Pradesh, India. The bulk density of the kidney beans varied between 0.76 g/ml to 0.81 g/ml. Higher
bulk density was found in variety Jwala (0.86 g/ml) whereas, lowest was found in Baspa, Him1 and Triloki
varieties (0.76 g/ml). Hydration capacity and swelling capacity of the seeds of different varieties varied
significantly and present in the range of 0.21-0.46 g/seed and 0.22—0.35 ml/seed, respectively. The swelling
capacity of variety Triloki was higher as compared to other varieties of kidney beans. Cooking time of unsoaked
seeds of different varieties significantly varied and ranged between 25 to 35 min. whereas, the soaking of grains
of kidney beans reduced the cooking time and varied from 15 to 20 min.

Key words: Kidney beans, functional properties, cooking quality, cooking time.

Legumes gained popularity in Indian diets and are functional ingredients has stimulated much attention to

important food source and play a significant role in their utilization. They have been used by food
traditional recipes. Legumes, belong to the industries as ingredients and as supplements in various
leguminaceae family are produced and consumed food products for many years. For successful use in
widely throughout the world, particularly in tropical food applications, they should possess several
and sub tropical areas of Africa, Asia and Latin America desirable characteristics such as functional properties.
(Barampama & Simard, 1995). During 2017-18, pulses Among the different treatments, heat treatment of
were cultivated over > 29 million ha (Mha) of area and pulses involving cooking and roasting are used to
recorded the highest ever production of 25.23 million remove anti-nutritional factors (Gujral et al., 2013).
tonnes (Mt) at a productivity level of 841 kg/ha. The Cooking is the common processing method applied to
exponential growth rate in production of pulses during remove anti-nutritional factors and to ensure
last year was >9 per cent. (DES, Ministry of acceptable sensory quality of pulses (Klamczynska et
Agriculture & Farmers Welfare GOI, 2018-2019). al.,2001; Satyaetal.,2010).
Among the pulses, kidney bean (Phaseolus vulgaris L.) Prior to cooking, pulses are usually soaked in water
is the most widely produced and consumed in the world from few hours to overnight in order to save time and
and has an important place in human nutrition. energy to cook (Fernandes et al., 2010). Cooking also
Legumes are widely grown and consumed in various causes some physicochemical changes in pulses,
regions and are excellent sources of proteins, complex including gelatinization of starch, denaturation of
carbohydrates and fairly good sources of minerals, proteins, solubilization of some of the polysaccharides,
vitamins and polyunsaturated fatty acids (Hudson, and softening and breakdown of the middle lamella, a
1994). The importance of legume seeds as food and cementing material found in the cotyledon (Wani et al.,
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2013 and Vindiola et al., 1986).

Factors affecting cooking quality of pulses include
cultivar, seed/ grain characteristics, composition,
growing location and environment (Bishnoi &
Khetarpaul, 1993 and Gubbels & Ali-Khan, 1991).
Physical properties, such as size and weight, as well as
seed coat and cotyledon characteristics, influence pulse
cooking quality (Sefa-Dedeh & Stanley, 1979).

Keeping in view the importance of the kidney beans
the present study was planned to analyze the functional
properties and cooking quality of Kidney beans
(Phaseolus vulgaris L.) grown in different regions of
Himachal Pradesh.

Materials and Methods

Certified seeds/ grains of six kidney bean varieties
(Kanchan, Jwala, Baspa, Him 1, Triloki and Chamba
Landrace) were procured from Mountain Agriculture
Research and Extension Centre, Sangla, district
Kinnaur region of Himachal Pradesh, India. Seeds were
cleaned to remove the dirt, foreign and other materials
and stored in air tight container and in dark place for
further use at room temperature. Then, the seeds were
grounded into fine powder with the help of Philips
mixer- cum- grinder and sieved with 150 micron mesh
to get fine uniform particles and stored in airtight
containers. All the reagents used in the study were of
analytical grade. All the analysis was carried out in
triplicate.

Functional properties
Bulk Density (Grains and flour)

The kidney bean grains and flour were filled
separately in measuring cylinders up to certain level
from the constant height followed by weighing.
(Narainetal. 1978).

True Density

True density is the density of the solid material
excluding the volume of any open and closed pores.
The true density was measured by toluene
displacement method. One thousand grains of millets
were weighed and put in graduated cylinder contain
known amount of toluene and rise in toluene level was
noted. (Mohsenin 1980).

Porosity

Porosity is defined as the volume fraction of the air
or the void fraction in the sample. Porosity was
analyzed by using the relationship of bulk density and
true density (Mohsenin 1970; Nimkar and

Chattopadhyay 2001).
Porosity is calculated by true density subtracted by bulk
density, their result divided by true density and whole
result multiplied by 100.
Porosity =

(True density — Bulk density)/ True density x 100

Angle of repose

Angle of repose was measured by dropping kidney
bean seeds on plain surface at height of about 30 cm,
which results in a conical pile. Then with the help of
scale length of the base of pile and height of pile was
measured. By putting values of length of base and
height in the below mentioned formula angle of repose
of'seeds was calculated:

0=tan" (2 height/base)

Water and oil absorption

Water absorption was measured by the centrifugation
method by Sathe and Salunkhe (1981). The sample (1.0
g) was dispersed in 25 ml of distilled water and placed
in pre-weighed centrifuge tubes. The dispersions were
stirred after intervals of 5 min, held for 30 min,
followed by Remi Doctor, R-303, centrifugation for 25
min at 3000 rpm. The supernatant was decanted, excess
moisture was removed by draining for 25 min at 50° C,
and then the sample was reweighed.

Emulsion stability

Emulsion stability (ES) was determined by the
method of Yasumatsu ef al. (1972). An emulsion of 1g
flour sample, 10 ml of water and 10 ml soybean oil was
prepared in calibrated centrifuge tube. That emulsion in
the centrifuge tube was initially heated in water bath
(80 C) for 30 min and subsequently cooled for 15 min.
under tap water before centrifugation. The emulsion
was centrifuged at 2000 x g rpm for 10 minutes.The
ratio of the height of the emulsion layer to the total
height of mixture was calculated as percentage.

Cooking properties
Swelling capacity and swelling index

The volume of 100 g of seeds was predetermined
using a graduated cylinder and they were subsequently
soaked overnight in distilled water. The volume of the
seeds after soaking was then measured. Swelling
capacity and the swelling index were determined
(Adebowale et al. 2005).

Swelling capacity is calculated by volume after
soaking subtracted by volume before soaking, their
result divided by numbers of seeds.

H




Volume after soaking — Volume before soaking
Swelling capacity =

Number of seeds

Swelling index is calculated by the ratio of the swelling capacity of
seeds to the volume of one seed.
Swelling capacity of seeds

Swelling index= Volume of one seed

Hydration capacity and hydration index

100 g seeds were soaked in 100 ml of distilled water
in a measuring cylinder and covered with an aluminum
foil. Seeds which were left to soak for 24 h in room
temperature (20+2° C); drained and excess water was
removed using a tissue paper. The weight of the swollen
seeds was measured. Hydration capacity and hydration
index were calculated (Adebowale et al. 2005).
Hydration capacity is calculated by weight after
soaking subtracted by weight before soaking, their

result divided by numbers of seeds.
Weight after soaking — Weight before soaking

Hydration capacity = Number of seeds

Hydration index is calculated by the ratio of the
hydration capacity of seeds to the volume of one seed.

Hydration capacity of seeds

Hydration index=
Weight of one seed

Cooking time

Distilled water was brought to boil in 500 ml spout
less beakers fitted with bulb condenser to prevent loss
of water during cooking. 20 g of seeds from each
cultivar was separately added to them. Boiling was
continued, and samples (4-5 seeds) were withdrawn
using a spatula at 5 min, 10 min, 15 min intervals upto
30 min and thereafter after every 2 min and tested for
softness by pressing between finger and thumb. The
time from addition of seeds till achievement of the
desirable softness was recorded as the cooking time.
Solid gruel loss

The sample was randomly selected from each
treatment. 2g of sample was cooked in 20 ml distilled
water for minimum cooking time in boiling water bath.
The gruel was transferred after several washings to 50
ml volumetric flask and made the volume with distilled
water. The leached solid solution, 10 ml of each
treatment was kept for drying in three petriplates (70°C)
till it got completely dried. The solids were weighed
and per cent solid loss in gruel was calculated by using
following formula.

Solid loss in gruel is calculated by weight of
petridish and sample after drying subtracted by weight

of empty petridish which was multiplied by volume
made and then whole was divided by the multiplication
of weight of sample and aliquot taken.

Solid loss in gruel (%) = Wt of petridish and sample after drying
(g) - wt of empty petridish (g) x volume
made
Wt of sample (g) x aliquot taken

Cooked length—width ratio

The cumulative length and width of 10 seeds were
measured after cooking for minimum cooking time.
The length—breadth ratio of the 10 cooked seeds was
determined by dividing the cumulative length to the
cumulative breadth of cooked seeds (Wani et al. 2015).
Water uptake ratio

20 g of seeds was cooked in 200 ml of double
distilled water for minimum cooking time. The cooked
seeds were then removed; drained and surface water on
seeds was removed by using filter paper. The samples
were weighed and the water uptake ratio was calculated
as the ratio of weight gained after cooking to weight
before cooking (Hamid ez al. 2014).

Results and Discussion
Bulk density

The bulk density of Kidney bean varieties viz.
Kanchan, Jwala, Baspa, Himl, Triloki and Chamba
Landrace were 0.80, 0.76, 0.81, 0.76, 0.76 and 0.79
g/ml respectively (Table 1). Higher bulk density was
found in Jwala variety (0.86 g/ml) whereas, lowest was
found in Baspa (0.81g/ml) followed by Himl and
Triloki (0.76 g/ml). Siddiq et al. (2009) examined the
bulk density of the beans flour varied significantly and
varied between from 0.515 g/ml for bean flour to 0.556
g/ml for red kidney bean flour. The difference in the
bulk density of different varieties might have been due
to more the weight of seeds higher will be the bulk
density.

True density

Table 1 depicted the true density values of Kidney
bean varieties viz. Kanchan, Jwala, Baspa, Himl,
Triloki and Chamba Landrace as 1.02,1.12,1.04,1.01,
1.00 and 1.02 g/ml respectively. Higher true density
was found in Jwala variety (1.12 g/ml) whereas, lowest
was found in Triloki variety (1.00 g/ml). Wani et al.
(2014) observed slightly higher value of true density in
the range of 1.22—1.27 kg/l. True density is higher in
Jwala variety due to more weight of the Jwala variety.
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Table 1. Functional properties of Kidney bean varieties of Him#chal Pradesh

Varieties

Parameters

Kanchan Jwala Baspa Him 1 Triloki Chamba CD

Landrace (p<0.05)
Bulk density 0.80+0.01 0.86+0.01 0.81+0.00 0.760.00 0.76+0.00 0.79+0.02 0.02
(g/ml)
True density 1.02+0.00 1.12+0.00 1.04£0.00 1.01+0.00 1.00+0.00 1.02+0 0.01
(g/ml)
Porosity 22.22+1.27 32.54+0.64 21.61+0.89 24.67+0.56 24.19+0.70 22.83+1.79 1.63
(g/ml)
Angle of repose 23.78+0.11 22.78+0.11 22.9540.09 18.5240.10 15.87+0.35 16.45+0.07 0.60
(degree)
Water 4.23+0.08 3.7+0.05 3.2+0.05 3.7+0.05 3.440.05 2.86+0.03 0.17
absorption(g/ml)
Qil absorption 2.76£0.12 2.43+0.18 2.620.15 2.93+0.08 2.73+0.08 1.06+0.03 0.20
(g/ml)
Emulsion stability 64.86+0.23 63.36+0.48 63.33+0.48 63.25+0.02 65.56+0.14 63.27+0.02 0.75
(%)
Porosity Triloki and Chamba Landrace were 4.23, 3.70, 3.20,

The porosity of Kidney bean varieties viz. Kanchan,
Jwala, Baspa, Himl, Triloki and Chamba Landrace
were 22.22,32.54,21.61, 24.67, 24.19 and 22.83 g/ml
respectively (Table 1). Higher porosity was found in
Jwala variety (32.54 g/ml) whereas, lowest was found
in Triloki variety (24.19 g/ml). Wani et al. (2015)
evaluated porosity ranged from 33.6 to 37.5 per cent
among the kidney bean cultivars. Lowest porosity was
reported for Local Red cultivar. Higher the bulk density
and true density, higher the porosity which is higher in
Jwala variety.

Angle of repose

The angle of repose of Kidney bean varieties viz.
Kanchan, Jwala, Baspa, Himl, Triloki and Chamba
Landrace were 23.78, 22.78, 22.95, 18.52, 15.87 and
16.45 degree, respectively and results are presented in
Table 1. Higher angle of repose was found in Kanchan
variety (23.78 degree) whereas, lowest was found in
Triloki variety (15.87 degree). Wani et al. (2015)
evaluated the angle of repose which showed significant
differences among the kidney bean cultivars and varied
from 15.20 degree to 18.67 degree.

Water absorption
Table 1 depicted that the water absorption of Kidney
bean varieties viz. Kanchan, Jwala, Baspa, Himl,

3.70, 3.40 and 2.86 g/ml, respectively. Higher water
absorption was found in Kanchan variety (4.23 g/ml)
whereas, lowest was found in Chamba Landrace
variety (2.86 g/ml). Siddiq et al. (2010) evaluated the
water absorption capacity of bean flours which varied
from 2.23 g/g (black) to 2.65 g/g (small red kidney).
Abbey and Ibeh (1988) reported the water absorption
capacity of the raw cowpea flour as 2.4 g/g flour. Water
absorption capacity is important for certain product
characteristics, such as the moistness of the product,
starch retrogradation, and the subsequent product
staling.

QOil absorption

The oil absorption of Kidney bean varieties viz.
Kanchan, Jwala, Baspa, Himl, Triloki and Chamba
Landrace were 2.76, 2.43, 2.60, 2.93, 2.73 and 1.06
g/ml respectively, (Table 1). Higher oil absorption was
found in Him1 variety (2.93 g/ml) whereas, lowest was
found in Chamba Landrace variety (1.06 g/ml). Abbey
and Ibeh (1988) reported the oil absorption capacities
of the raw cowpea flour that was 2.9 g/g flour. The oil
absorption capacity is important for the development of
new food products as well as their storage stability
(particularly for flavor binding and in the development
of oxidative rancidity).
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Emulsion stability

The emulsion stability of Kidney bean varieties viz.
Kanchan, Jwala, Baspa, Himl, Triloki and Chamba
Landrace were 64.86, 63.36, 63.33, 63.25, 65.56 and
63.27 per cent, respectively (Table 1). Higher emulsion
stability was found in Triloki variety (65.56 per cent)
whereas, lowest was found in Him1 variety (63.25 per
cent). Siddiq et al. (2010) evaluated the emulsion
properties of different bean flours that were 45.6 to 60.5
ml/100ml. Flour with good emulsion capacities will be
useful in the preparation of comminuted meat products
and analogs.

Cooking properties

Swelling capacity and swelling index also displayed
significant differences among the varieties. These
values varied from 0.20 to 0.35 ml/seed and 0.73—-0.85,
respectively (Table 2). Swelling capacity and swelling
index of kidney bean cultivars in the range 0 0.30-0.56
mL/seed and 0.91-1.39, respectively have been
reported (Saha et al., 2009). Seed size, density and
weight of the grain had great impact on swelling
capacity and swelling index which were determined by
the time taken by water to penetrate the inner core of
grains and thus ultimately determined the cooking
time.

The hydration capacity of flour often defines its
quality and its aptitude to form viscoelastic dough.

Hydration capacity and hydration index varied
significantly among the varieties and were observed in
the range of 0.21-0.46 g/seed and 0.34-0.75,
respectively (Table 2). Hydration capacity and
hydration index of bean cultivars varied between
0.31-0.59 g/seed and 0.78-1.25, respectively (Saha et
al. 2009). Hydration capacity determines the extent to
which seeds absorb water on soaking. It depends upon
chemical composition of seed coat and cotyledons
(Bewley et al. 2006). Hydration capacity and hydration
index both depend on difference in seed size, seed coat
thickness and water absorption characteristics of seeds
therefore differences in both hydration capacity and
hydration index may be attributed to differences in seed
weight and seed size of KB lines.

Cooking time of kidney bean varieties varied
significantly from 25 to 35 min of grain which were not
soaked (Fig 1). The lowest cooking time was found in
Him 1 variety (25 min) and the highest in Chamba
Landrace (35 min). Cooking time of kidney bean seeds/
grains after soaking for 24 hr varied between 15 to 20
min. This shows that soaking prior to cooking causes
significant decrease in cooking time of kidney beans.
Similar trend of decrease in cooking time was observed
in kidney beans by Berrios et al. (1999). Breakdown of
the middle lamella, leading to the easy separation of
cells, had been reported to contribute to the softening of
pulses during cooking (Sefa-Dedeh and Stanley 1978).

Fig 1. Cooking quality of Kidney bean varieties of Himachal Pradesh

Varieties

Parameters Kanchan Jwala Baspa Him 1 Triloki Chamba CD
Landrace (p=0.05)

Elongation 1.40+0.01 1.6£0.02 1.45+0.00 1.25+0.02 1.28+0.01 0.97+0.01 0.06
ratio
Length-width 1.33+0.33 0.90+0.30 1.33+0.33 1.33+0.33 1.0040.00 1.33+0.33 N/A
ratio
(cooked)
Water uptake 2.93+0.02 2.66+0.00 2.5240.01 2.85+0.01 2.36+0.07 2.95+0.01 0.10
ratio
Gruel solid 14.64+0.02  13.55+0.02 15.64+0.00 14.64+£0.02  13.73%0.01 16.22+0.01 0.07
loss (%)
Swelling 0.31£0.00 0.33+0.10 0.2240.01 0.30+0.00 0.35+0.00 0.20+0.00 0.02
capacity
(ml/seeds)
Swelling 0.84+0.01 0.85+0.10 0.78+0.01 0.79+0.02 0.80+0.02 0.73£0.01 0.21
index
Hydration 0.23+0.03 0.21£0.01 0.33+0.03 0.26+0.03 0.46+0.03 0.43£0.03 0.05
capacity
(g/seeds)
Hydration 0.46+0.06 0.34+0.01 0.53+0.08 0.62+0.02 0.72+0.02 0.75+0.25 0.38
index
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Plate 1: Cooking time of Kidney bean varieties of Himachal Pradesh

Many authors had shown that the cells of beans
during cooking show separation at the optimum
cooking time. Williams et al. (1987) reported that the
cooking time is a heritable characteristic for pulses.

Solid gruel loss varied significantly among the
kidney beans cultivars and varied between from 13.59
to 16.22 per cent (Table 2). Solid loss of 5.28 to 14.98
per cent has been reported for different bean cultivars
(Saha et al. 2009) and 7.2—14 per cent for cowpea
cultivars (Yeung et al. 2009).

Cooked length breadth ratio showed significant
differences among the varieties of kidney beans and
were in the range of 0.8- 1.51 (Table 2). Water uptake
ratio varied significantly among the varieties of kidney
beans in the range of 2.36-2.95 (Table 2). Wani et al.
(2015) showed that cooked length breadth ratio showed
significant differences among the cultivars and were in
the range of 1.57-2.13. Water uptake ratio varied
significantly among the cultivars in the range of
2.15-2.45.

Conclusion

From the present study, it can be concluded that the

kidney bean varieties varied with respect to functional

and cooking characteristics. The bulk density was
varied from 0.76 g/ml to 0.81 g/ml. Water absorption
and oil absorption was highest in Kanchan (4.23 g/ml)
and Him 1 (2.93 g/ml), respectively. Kidney beans
grown in different agro-climatic zones have difference
in their physical characteristics. Hydration capacity as
well as swelling capacity of the seeds/ grains of
different varieties varied significantly in the range of
0.21-0.46 g/seed and 0.22—0.35 ml/seed, respectively.
Cooking time of unsoaked seeds/grains of different
varieties of kidney beans significantly varied and
ranged between 25 to 35 min. whereas, the soaking of
grains of kidney beans before cooking reduced the
cooking time about 30 per cent. Triloki variety had the
highest emulsion stability. Kanchan variety had the
higher water absorption than other varieties of kidney
bean. This information can attract consumers and
processors for value-based food products by using
these legume seeds.
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