
ORIGINAL ARTICLE

Physico-chemical, hydration, cooking, textural and pasting
properties of different adzuki bean (Vigna angularis) accessions

Upasana Yadav1,2 • Narpinder Singh1 • Amritpal Kaur1 • Sheetal Thakur1

Revised: 30 October 2017 / Accepted: 14 December 2017 / Published online: 10 January 2018

� Association of Food Scientists & Technologists (India) 2018

Abstract Physico-chemical, hydration, cooking, textural

and pasting properties of thirteen adzuki bean (Vigna

angularis) accessions were studied. Protein and ash content

ranged from 18.82 to 24.52% and 2.02 to 7.03%, respec-

tively. Bulk density and seed weight of the adzuki seed

ranged from 0.76 to 1.00 g/mL and 74.87 to 148.20 g/1000

seeds, respectively. Hydration capacity, swelling capacity

and cooking time ranged from 0.05 to 0.12 g/seed, 0.04 to

0.15 mL/seed and 48.67 to 74.33 min, respectively. Dif-

ferent accessions showed significant variations in their

physicochemical, cooking, hydration and texture proper-

ties. Swelling capacity showed significantly positive cor-

relation with L* value. Hardness of soaked grain varied

ranged between 68.67 and 120.25 N and had significant

positive correlation with gumminess and chewiness. The

springiness and chewiness of cooked seeds showed highly

significant positive correlation. Peak viscosity, breakdown

viscosity, final viscosity, setback viscosity and pasting

temperature of adzuki bean flour ranged from 1979 to

2373 cP, 45 to 183 cP, 2954 to 4004 cP, 931 to 1666 cP

and 75.02 to 78.27 �C, respectively. Peak viscosity and

breakdown viscosity were negatively correlated to amylose

content while setback viscosity showed positive

correlation.
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Introduction

Legumes belong to the family Leguminosae and are widely

grown throughout the world (Singh et al. 2004). The terms

‘‘legumes’’ and ‘‘pulses’’ are interchangeable, these are

major sources of dietary proteins in the developing coun-

tries and source of nutrition for billions of people around

the world (Singh 2017). In addition to their protein con-

tributions, pulses are also rich in other nutrients such as

starch, dietary fiber, phytochemicals, non-digestible car-

bohydrates, vitamins and minerals (Tiwari and Singh 2012;

Singh 2017). Pulses contain about 60% carbohydrate

including starch, reducing and non-reducing sugars,

oligosaccharides of the raffinose family, etc. (Shimelis and

Rakshit 2005). Research efforts are often being made to

identify, cultivate and evaluate unexploited sources as a

source of dietary protein for world consumption. The

studies on desired functional properties of pulses are

important for competent consumption and consumer

acquiescence of their seed flours Ekeand Akobundu (1993).

Earlier, grain, flour, starch and protein characteristics of

rice bean, kidney bean, field pea, lentils and horse gram

have been reported (Kaur et al. 2013, Shevkani et al. 2015,

Ghumman et al. 2016, Parmar et al. 2017).

Adzuki bean (Vigna angularis) is one such under-ex-

plored bean which needs to be explored for its possible

food use. Adzuki bean are small red beans that have an

inherently sweet, nutty taste. ‘‘Adzuki’’ is Japanese word

which means small due to its small shape it got name

adzuki beans (Small beans). In China, this bean is a popular

food legume with the name Hongdou and chidou while in

Korea it is known as pat. It is widely grown in the northeast

and northern parts of China. As being the origin place of

adzuki bean, China has the largest number of accessions in

the world (Ning et al. 2009). Adzuki beans are a rich source
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of carbohydrates (57–62%), protein (17–21%), potassium

and fiber (12–13%), as well as B-vitamins such as thiamin,

niacin, and riboflavin and minerals such as Fe (4.6 mg),

Mg (119.6 mg), K (1223 mg), and Zn (4.0 mg), Folic acid

(278 mg) (Tjahjadi and Breene 1988).

Pulses require longer cooking time, therefore, soaked

overnight before cooking. The grains get hydrated, swelled

and softened during soaking that reduces the cooking time.

The soaking also brings about uniform expansion of the

seed coat and cotyledon. The extent of hydration and

swelling of grains during soaking vary amongst different

pulses and both were related to cooking quality (Kaur et al.

2009; Singh et al. 2004). The seed weight and hydration

capacity of pulses has been associated with cooking time

(Singh et al. 2004). Cooking quality attributes such as

cooking time, textural parameters are used to evaluate the

quality of pulses (Singh et al. 2004; Kaur et al. 2005).

Physical properties of grains such as size/weight, volume,

hull (coat) and cotyledon characteristics varied amongst the

pulses and reported to affect their cooking quality (Kaur

et al. 2009; SefaDedah and Stanley 1979; Singh et al.

2004). Pulse grain coats were reported to be rich in water

insoluble fibers and polyphenols while cotyledons had

higher soluble fibers, oligosaccharides and resistant starch

(Singh 2017). Earlier, the variability in physical, hydration,

textural and cooking quality of black gram and kidney bean

cultivars have been reported (Kaur et al. 2009; Singh et al.

2004). The knowledge of hydration and textural properties

of pulse grains is desired and assist in selecting the

accessions that are suitable for canning. Parmar et al.

(2016) reported that varieties of pulses that had higher

hydration capacity and lower hardness and splitting ten-

dency during processing are more suitable for canning. At

present, limited information is available on the variability

in physical, cooking, textural and pasting properties among

different adzuki bean accessions. The objective of the

present study was to investigate the diversity in quality

traits of seed and flour of adzuki bean germplasm.

Materials and methods

Adzuki bean seeds from 13 different accessions namely,

EC340255, EC57459, EC340271-A, IC SMLAB-1,

EC8707, EC340271-B, IC341952, HPAV9, IC241041

SMLAB4, EC15257, IC469173 HPAB30, EC000254 and

EC340284 were procured from National Bureau of Plant

Genetic Resources (NBPGR) regional station, Shimla,

India.

Physical properties of adzuki bean seeds

L*, a* and b*values were determined using Hunter col-

orimeter Model D-25 optical sensor (Hunter Associates).

Grain weight (g) was calculated by randomly selecting and

counting 100 grain followed by weighing. Seed volume

was determined using the method as described by William

et al. (1983). Fifty seeds were transferred to a 50 mL

measuring cylinder and 25 mL distilled water was added.

The difference in the volume was noted down and divided

by 50 to calculate the volume per seed. For bulk density

determination, adzuki seeds were gently added to 100 mL

graduated cylinder and gently tapped on a laboratory

bench, several times, until there was no further diminution

of the sample level after filling to the 100 mL mark. It was

calculated as weight of sample per unit volume of sample

(g/mL). All the measurements were taken in triplicate.

Hydration and swelling properties

Hydration capacity, hydration index, swelling capacity and

swelling index of the adzuki seeds were determined as

described by William et al. (1983). All the measurements

were in triplicate.

Textural analysis of soaked and cooked grains

Texture profile analysis (TPA) of the beans from different

accessions was performed on a single grain using a TA/XT

texture analyzer (Stable Microsystems, Crawley, UK). The

method adopted was as described earlier by Singh et al.

(2010). The seed was subjected to 75% compression with a

probe (P/75) at a speed of 1 mm/s. The textural parameters

of hardness (maximum height of the force peak on the 1st

compression cycle), springiness (ratio of the time elapsing

between the end of 1st compression and the start of 2nd

compression), cohesiveness (ratio of the positive force

areas under the 1st and 2nd compressions), gumminess

(hardness 9 cohesiveness) and chewiness (gummi-

ness 9 springiness) were determined. The mean values of

ten repeated measurements were reported.

Cooking time

Cooking time was determined using the method given by

Singh et al. (2010). The cooking time (minutes) determi-

nation was done in triplicate.

Chemical properties of adzuki bean flour

The grains were ground to flour in a milling machine with

sieve No. 72 (BIS), which was packed in airtight containers

for further analysis. Moisture, ash, fat and protein contents
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were determined using the standard methods of analysis

(AOAC 1990). The starch was extracted from adzuki beans

adopting the method given by Kaur and Sandhu (2010).

Amylose content of starch was determined as described

earlier (William et al. 1970).

Pasting properties of adzuki bean flours

Pasting properties of adzuki bean flours were evaluated

using Rapid Visco Analyzer (RVA4, Newport Scientific

Pvt. Ltd., Warriewood, Australia). Viscosity profile was

recorded using flour suspensions (3.5 g flour ? 24.5 g

distilled water). The temperature–time conditions included

a heating step from 50 to 95 �C at 6 �C/min (after an

equilibration time of 1 min at 50 �C), a holding phase at

95 �C for 5 min, a cooling step from 95 to 50 �C at 6 �C/
min and a holding phase at 50 �C for 2 min. All the

measurements were done in triplicate.

Statistical analysis

Pearson correlation (r) and principal component analysis

(PCA) were carried out using XLSTAT 2015.1 software for

determining the relationship between different parameters.

The PCA results were graphically represented by the pro-

jection of the first two principal components.

Results and discussion

Physical properties

The physical properties of different adzuki bean accessions

are given in Table 1. Seed weight of adzuki bean acces-

sions ranged from 74.87 to 148.20 g/100 seeds. EC8707

had the lowest while EC340271-B showed the highest seed

weight. The variation in seed weight may be due to the

genetic variation in the size of seeds of different acces-

sions. Kaur et al. (2009) reported the weight of 100 seeds

of kidney bean cultivars in the range between 10.16 and

51.68 g. Singh et al. (2010) reported the weight of 100

seeds of field pea cultivars in the range between 4.26 and

29.3 g. Bulk density of adzuki bean accessions ranged

between 0.76 and 1.00 g/mL. The highest bulk density was

observed for EC340271-A, whereas most of the accessions

had bulk density of 0.76 g/mL. Seed volume of different

adzuki bean accessions ranged between 50 and 100 mL/

1000 seeds.

The colour of most of the beans was deep red. L* value

ranged from 38.72 (EC15257) to 42.74 (EC340271-B). The

a* and b* values ranged from 0.18 to 11.22 and 0.68 to

4.07, respectively. The highest values were recorded for

EC000254 and the lowest for EC340271-A. Higher a*

values indicated the presence of greater redness in the

accessions. Similar variations in colour parameters were

observed for field pea cultivars by Singh et al. (2010). The

variation in colour of beans has been attributed to variation

in concentration of flavonoids (Feenstra 1960).

Hydration and swelling properties

The hydration capacity per seed of Adzuki bean accessions

ranged between 0.05 and 0.12 g and hydration index

between 0.43 and 0.95. EC000254 showed the lowest,

while EC340255 showed the highest index. The hydration

capacity per seed of 0.03–0.62 g and hydration index of

0.16–1.97 for kidney bean seeds was reported earlier (Kaur

et al. 2009). These differences may be attributed to dif-

ference in size, seed coat thickness and water absorption

characteristics of seeds (SefaDedah and Stanley 1979). It

has been studied by Yousif and Deeth (2003) that the

hydration rate was related to the size of adzuki beans. A

reduction of 10% in size within a population of regular-

sized adzuki beans may cause a significant reduction in the

water imbibition rate, resulting in a higher incidence of

hard beans, i.e. beans with the ‘hard shell’ defect or

impermeable bean coat. Swelling capacity and swelling

index ranged from 0.04 to 0.15 mL/seed and 0.50 to 1.88,

respectively (Table 1). EC340271-B showed the highest

whereas IC469173 had the lowest values for both param-

eters. The swelling capacity of field pea accessions ranging

between 0.02 and 0.76 mL/seed was reported in study by

Singh et al. (2010). Swelling capacity/seed and swelling

index for different chickpea cultivars ranged between

0.11–0.23 and 103.1–136.5, respectively (Kaur et al. 2005),

which were comparatively higher than observed in adzuki

beans. Low hydration capacity, swelling capacity and

swelling index of adzuki beans indicated that the seed had

higher hardness and impermeability of the seed coat (Seena

and Sridhar 2005). Water absorbing capacity of the seeds

depends on the cell wall structure, composition of seed and

compactness of the cells in the seed (Kaur et al. 2005).

Swelling capacity was positively correlated with L* value

(r = 0.782, p\ 0.01) of seeds. This indicated that the

lighter accessions swelled more during hydration than

darker accessions. Swelling index was positively correlated

to swelling capacity (r = 0.786, p\ 0.01).

Cooking time

Cooking time is a heritable characteristic that differs

widely among genotypes (Kaur et al. 2005). Cooking time

for different bean accessions varied significantly, ranging

from 49 min (EC8707) to 74 min (ICSMLAB-1) (Table 2).

Cooking time between 45 and 81 min for different field pea

accessions was reported by Singh et al. (2010). Amongst
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the field pea accessions studied, 40% of the accessions

required cooking time between 55 and 60 min. The longer

cooking time required for ICSMLAB-1 could be attributed

to its higher density as the cotyledon with higher density

had slower water uptake resulting in longer cooking time

(Seena and Sridhar 2005). Cooking time may vary due to

the rate at which cell separation occurs, due to loosening of

the intercellular matrix of the middle lamella upon cooking

(Ghribi et al. 2015). Size also governed the distance to

which the water must penetrate in order to reach the

innermost part of the seed (SefaDedah and Stanley 1979).

Textural properties of soaked and cooked adzuki

bean seeds

The change in textural parameters during soaking reflects

the hydration properties of the grains (Singh et al. 2009).

The rate and degree of softening of soaked and cooked

seeds from different bean accessions varied significantly.

The hardness of soaked beans ranged from 68.67 N

(EC340255) to 120.25 N (EC340271-A) while of cooked

beans ranged from 10.70 N (EC340271-A) to 29.35 N

(IC341952) indicating the increase in tenderness of the

seeds with cooking (Table 2). Hardness and gumminess

was positively correlated with L* value (r = 0.681, 0.673,

p B 0.05). It was observed that the variety with high

cooking time have higher hardness values for soaked

grains. The grey-black accessions (EC340271-A and

EC340271-B) which had highest L* values had the highest

hardness value after soaking. The results revealed that

accessions with greater seed weight required longer cook-

ing time and consequently had higher hardness, as com-

pared to those with lower seed weight, which may be due

to compact granular structure. SefaDedah and Stanley

(1979) reported that seed coats of accessions possessing

good hydration properties facilitate rapid softening of the

seed during soaking. The constituent like fibre, lignin,

cellulose and hemicelluloses are the factors responsible for

the hardness of the grains (Singh et al. 1992). Soaked seed

cohesiveness ranged between 0.21 to 0.26, ICSMLAB-1

showed the highest and EC340255 showed the lowest

cohesiveness. The cohesiveness of cooked seeds ranged

from 0.17 (EC340271-B) to 0.24 (EC340271-A). Chewi-

ness of soaked and cooked seed ranged from 5.21 to 9.85 N

and 0.73 to 1.75 N, respectively. Gumminess of soaked and

cooked adzuki bean seeds ranged from 14.30 to 28.56 and

2.60 to 6.68, respectively. Cohesiveness of cooked seeds

were significantly correlated with gumminess, springiness

and chewiness of the seeds (r = 0.977, 1.00, 0.999,

respectively, p\ 0.01). Both the chewiness and gummi-

ness of cooked and soaked seeds were significantly inter-

related. Chewiness and gumminess were observed to be

dependent upon hydration. During cooking, seed undergoes

important physiochemical changes involving gelatinization

and swelling of the starch and other physical and chemical

changes, which results in a palatable texture (Stanley and

Aguilera 1985).

Chemical properties

The seed flour was also analyzed for moisture, protein, ash

and amylose content and the results are depicted in

Table 3. Moisture content of adzuki bean accessions ran-

ged between 8 and 9%. The protein content of the adzuki

bean accessions ranged from 18.82 to 24.52%. IC241041

had the highest protein content (24.5%) and the lowest ash

Table 2 Cooking time and textural properties of cooked seeds of different adzuki bean accessions

Accessions Cooking time (min) Hardness (N) Cohesiveness Gumminess Springiness Chewiness

EC340255 68.33 ± 0.00 17.21 ± 0.74 0.18 ± 0.74 3.04 ± 0.74 0.27 ± 0.74 0.82 ± 0.74

EC57459 50.67 ± 0.00 27.67 ± 1.41 0.19 ± 1.41 5.32 ± 1.41 0.30 ± 1.41 1.62 ± 1.41

EC340271-A 58.33 ± 0.00 10.70 ± 0.81 0.24 ± 0.02 2.60 ± 0.27 0.30 ± 0.04 0.77 ± 0.13

ICSMLAB-1 74.33 ± 0.00 21.35 ± 1.31 0.20 ± 0.03 4.24 ± 0.67 0.27 ± 0.03 1.14 ± 0.31

EC8707 48.67 ± 0.00 23.25 ± 0.30 0.23 ± 0.03 5.28 ± 0.64 0.33 ± 0.04 1.75 ± 0.42

EC340271-B 61.33 ± 0.00 17.59 ± 0.29 0.17 ± 0.29 3.00 ± 0.29 0.24 ± 0.29 0.73 ± 0.29

IC341952 55.00 ± 0.43 29.35 ± 0.03 0.23 ± 0.03 6.69 ± 0.03 0.26 ± 0.03 1.72 ± 0.03

HPAV9 64.00 ± 0.00 15.09 ± 0.44 0.22 ± 0.04 3.24 ± 0.57 0.27 ± 0.03 0.86 ± 0.19

IC241041 60.00 ± 0.00 19.26 ± 0.71 19.26 ± 0.02 19.26 ± 0.35 19.26 ± 0.01 19.26 ± 0.10

EC15257 69.33 ± 0.00 14.82 ± 0.65 0.20 ± 0.65 2.89 ± 0.65 0.29 ± 0.65 0.85 ± 0.65

IC469173 58.67 ± 0.00 19.26 ± 0.64 0.18 ± 0.01 3.50 ± 0.30 0.31 ± 0.01 1.07 ± 0.10

EC000254 50.00 ± 0.00 18.09 ± 0.36 18.09 ± 0.03 18.09 ± 0.60 18.09 ± 0.00 18.09 ± 0.18

EC340284 64.33 ± 0.00 13.01 ± 0.68 0.23 ± 0.04 2.99 ± 0.64 0.28 ± 0.05 0.85 ± 0.31

Mean ± SD
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content (2.02%). EC340284 had the highest ash content i.e.

7.03%. Amylose content of starches separated from dif-

ferent adzuki bean accessions ranged between 9.96 and

23.99%. Study revealed that EC340271-A had the highest

amylose content while ICSMLAB-1 had the lowest amy-

lose content. Amylose content was negatively correlated

with a* and b* values (r = 0.704, 0.803, respectively,

p B 0.05) and positively correlated with L*. This indicated

that lighter grain varieties had higher amylose content

compared to darker varieties, thus EC340271-A and

EC340271-B had amylose content of 23.99% and 22.38%

respectively, which is higher than all other varieties.

Pasting properties

Pasting properties of flour from different adzuki bean

accessions varied significantly (Table 4). Peak viscosity

and trough viscosity of different adzuki bean accessions

ranged between 1979 and 2373 cP and 1880 and 2308 cP,

respectively. Peak and trough viscosity showed strong

negative correlation (r = - 0.847, - 0.778, respectively,

p\ 0.01) with hydration capacity of adzuki bean seeds.

The differences in pasting properties may be attributed to

the difference in amylose content, swelling and hydration

properties of starch. During heating, the starch granules

swell followed by dissolution of amylose leading to rise in

paste viscosity to the maximum termed as peak viscosity

(Singh et al. 2006). The extended heating and shearing led

to decrease in viscosity termed as breakdown viscosity.

Peak viscosity and breakdown viscosity was negatively

correlated with amylose content (r = - 0.568 and

- 0.562, respectively, p\ 0.05). These correlations indi-

cated restricted swelling and disintegration of granules

occurred in the presence of higher amylose. Similar

observations were earlier made (Singh et al. 2006, 2007).

The results reflected that amylose content was mainly

responsible for the variations in pasting properties, though

the contribution of other components to the pasting prop-

erties of bean flours such as protein, fiber etc. cannot be

ruled out. Henshaw et al. (1996) reported that flour con-

tains other substances such as protein, lipid, and minerals

that may interact with starch to varying degrees and

influence the paste characteristics of flour. The behavior of

viscosity during cooking (from 50 to 90 �C) reflects the

capacity of starch to absorb water and swell (Sandhu et al.

2007). Breakdown viscosity, final viscosity and setback

viscosity of different adzuki bean accessions ranged from

45 to 183 cP, 2954 to 4004 cP and 931 to 1696 cP,

respectively. Among various accessions studied, EC15257

showed the highest peak, trough and final viscosity,

whereas breakdown and setback viscosity were the highest

for EC8707 and EC340271-B, respectively. The lowest

breakdown viscosity of ICSMLAB-1 indicated its high

thermal stability. EC8707 showed the lowest final viscos-

ity, while EC000254 had the lowest setback viscosity.

Setback viscosity was positively correlated to amylose

content (r = 0.575, p\ 0.05). The lower setback indicates

lower tendency towards retrogradation (Sandhu et al.

2007). Pasting temperature of adzuki bean accessions

ranged from 75.02 to 78.27 �C. EC-340255 showed the

lowest, whereas EC8707 had the highest pasting tempera-

ture. The high pasting temperature of flour indicates the

presence of starch that is highly resistance to swelling and

rupturing (Kaur and Sandhu 2010). Pasting temperature

provides an indication of minimum temperature to cook as

well as temperature at which the viscosity begins to

increase during the heating process which is important in

production of soups, gravies etc. A gradual increase in the

Table 3 Chemical properties of different adzuki bean accessions

Accessions Moisture content (%) Protein content (%) Ash content (%) Amylose content (g/100 g starch)

EC340255 8.52 ± 0.03 20.82 ± 0.02 2.63 ± 0.70 17.5 ± 1.15

EC57459 8.02 ± 0.03 20.40 ± 0.01 2.76 ± 0.20 16.39 ± 0.43

EC340271-A 8.26 ± 0.01 21.21 ± 0.03 2.45 ± 0.13 23.99 ± 0.96

ICSMLAB-1 8.90 ± 0.02 20.50 ± 0.01 3.25 ± 0.11 9.95 ± 0.66

EC8707 9.06 ± 0.03 23.34 ± 0.01 2.49 ± 0.04 17.31 ± 1.92

EC340271-B 8.93 ± 0.02 18.82 ± 0.01 2.49 ± 0.08 22.21 ± 0.45

IC341952 8.43 ± 0.01 22.13 ± 0.01 3.14 ± 0.17 22.38 ± 0.10

HPAV9 8.63 ± 0.01 22.17 ± 0.02 3.14 ± 0.11 14.9 ± 0.86

IC241041 8.48 ± 0.01 24.52 ± 0.02 2.02 ± 0.42 18.79 ± 0.65

EC15257 8.90 ± 0.01 21.95 ± 0.02 3.54 ± 0.10 20.59 ± 0.40

IC469173 8.37 ± 0.01 19.80 ± 0.02 2.53 ± 0.20 10.33 ± 0.25

EC000254 9.01 ± 0.01 23.21 ± 0.02 3.40 ± 0.22 14.29 ± 1.19

EC340284 8.38 ± 0.01 22.52 ± 0.02 7.03 ± 0.04 18.31 ± 0.52

Mean ± SD
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viscosity may be due to removal of water from the exuded

amylose by the granules on swelling (Ghaisi et al. 1982).

An increase in viscosity during cooling of the heated pastes

might be due to the alignment of amylose chains (Flores-

Farias et al. 2000).

Principal component analysis

Principal component analysis (PCA) of raw seeds, soaked

seeds, cooked seeds and flours properties were carried out

separately to study the relationship between various prop-

erties. Analysis of raw seeds properties separately revealed

that PC1 accounted for 36.9% of variability with a*, b*

values and bulk density being the major components,

whilst PC2 is responsible for 22.0% variance with L* value

being the main component. The cumulative variance of

factor 1 and 2 was 58.9%. PCA revealed that a*, b*values

were closely located and L* closely located with seed

weight.

PCA analysis of raw, soaked cooked seeds and flour

properties revealed that PC1, PC2 and PC3 accounted for

60.7% of cumulative variance. Loading plot for PC1 and

PC2 accounting for 26.3 and 21.4%, respectively variance

is shown in Fig. 1. PC1 mainly constituted protein content,

Table 4 Pasting properties of flours from different adzuki bean accessions

Accessions Peak

viscosity (cP)

Trough

viscosity (cP)

Breakdown

viscosity (cP)

Final

viscosity (cP)

Setback

viscosity (cP)

Pasting

temperature (�C)

EC340255 2269 2201 68 3750 1549 75.02

EC57459 2325 2248 66 3762 1514 75.52

EC340271-A 1979 1934 45 3413 1479 76.25

ICSMLAB-1 2218 1880 148 3024 1144 76.60

EC8707 2091 1809 150 2954 1100 78.27

EC340271-B 2045 1995 50 3661 1666 75.07

IC341952 2107 1993 114 3305 1312 75.82

HPAV9 2324 2242 82 3653 1410 75.47

IC241041 2148 2018 130 3375 1357 77.05

EC15257 2373 2308 64 4004 1696 75.87

IC469173 2292 2115 127 3338 1223 76.25

EC000254 2367 2184 183 3115 931 76.62

EC340284 2285 2146 136 3472 1326 75.85
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Fig. 1 Principal component score loading plot of the first two components from the analysis of properties of 13 adzuki bean accessions
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a*, b*, cooked seed texture traits (cohesiveness, gummi-

ness, springiness and chewiness), flour paste traits (break-

down viscosity and setback viscosity). PC2 constituted of

L*, hydration capacity, seed volume and flour paste vis-

cosity (peak, trough and final) while PC3 was mainly

contributed by amylose content. Final viscosity, setback

viscosity and amylose content are located on same side

indicating their positive relationship and negative with

breakdown viscosity. Cooked seed textural properties were

located on the opposite side of amylose indicating negative

relationship of cooked seeds textural properties with

amylose content. Cooking time and seed volume had

negative relationship with each other.

Conclusion

The results showed that a significant diversity was present

in physical, soaking, cooking and pasting properties in the

thirteen adzuki bean accessions studied. IC241041 had the

highest protein content, which can be used as good dietary

protein source. EC340271-A bean line had highest amylose

content (23%) and high swelling power, suggesting its

potential use in curries and soups to give a good consis-

tency and mouth feel. Most of the varieties had cooking

time around 60 min, indicating that pressure cooking of the

beans would be faster and economical method for cooking.

Results also revealed that EC8707 which had the lowest

weight as well as high protein content will be cooked at the

fastest rate. These adzuki bean accessions may be further

exploited genetically to improve their cooking and pasting

characteristics.
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