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Abstract: Common bean is a nutrient‐dense food legume serving a source of food for millions of people all over the 
world. Quality and cooking traits are considered important criteria for the success and appealability of any crop cultivars 
to the end-users. In this study, we aimed to explore the cooking and quality-related traits diversity in a world common 
bean germplasm originated from 10 countries of world. A good range of variations were observed for all studied traits 
and mean fat, starch and fiber contents were 1.65 %, 42.96% and 9.23%, respectively. Genotype-140 reflected higher 
swelling capacity, swelling index, hydration capacity, hydration index, seed density and lesser cooking time. Correlation 
analysis was performed and hydration capacity showed highly significant and positive correlation with hydration index, 
swelling capacity and swelling index. Principal component analysis (PCA) was performed and 1st five PCs accounted a 
total of 78.14% variations. Biplot analysis resulted a total of 51.01% variations and studied germplasm was divided on 
the basis of cooking and quality traits. Constellation plot divided the studied germplasm into two main clustered A and B 
on the basis of moisture, swelling capacity, seed density and cooking time. Genotype-39 and genotype-20 were found 
distant for fat contents, while genotype-24 and genotype-120 for starch contents. Therefore, these genotypes are 
recommended as parents for common bean breeding regarding fat and starch contents. Moreover, genotype-140 
showed minimum cooking time, it should be also used as a candidate parent to develop common bean cultivars requiring 
lesser cooking time to save time and energy. We believe that results presented herein will be very helpful for common 
bean breeding community interested in quality and cooking traits.  
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1. INTRODUCTION 

The world is facing with the threat of food insecurity 
mainly due to global climate change. Along with climate 
change, uncontrolled increase in world population has 
also made difficult to produce enough food. About 80 
million people from developing countries has not 
enough to eat due to these uncertainties [1]. World 
population is estimated to reach 10 billion by 2050. 
Therefore, it is the dire need to enhance world crop 
production by 60 to 110% to feed the world in 2050 [2]. 
Food and Agriculture Organization (FAO) stated that 
the available daily average per capita calories to the 
world population were 2789 kcal in 2000 and is 
expected to be 3130 kcal in 2050. Thus, legume crops 
play an important role to provide cheap and balanced 
food in terms of nutrients and calories and minimized 
the food gaps [3].  
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Human select food on the basis of cost, 
convenience, accessibility, quality, taste and nutrition 
[4]. Common bean (Phaseolus vulgaris L.) is an 
important source of food and feed more than 300 
million people throughout the world [5]. Common bean 
is serving a dietary staple in parts of Africa and Latin 
America where moderate to high consumption (16–34 
kg per capita annually) is common [6]. Common bean 
remained an underrated crop, still the presence of good 
amount of proteins, carbohydrates, vitamins and 
minerals make this crop a suitable food choice 
worldwide, especially in developing societies [7]. A 
steady increase in common bean production has been 
observed as its production was 23 million tons in 2010 
and reached 26 million tons in 2016 [8]. Common bean 
is considered a dietary staple in most parts of the world 
especially Eastern and Southern Africa and provide 
protein, iron, zinc and folate [9-10]. 

Wise use of plant genetic diversity is important in 
order to fulfill world food demands in an efficient 
manner [11]. The strategy to explore genetic and 
phenotypic variation through characterization of crop 
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genetic resources is very helpful and the identified 
variation could be effectively used by the scientific 
community for various breeding purposes [11-12]. 
Quality and cooking parameters that impact 
consumer’s preference to some foods should be 
focused by conducting various breeding activities for 
these traits. Very limited information is available on the 
common bean quality and cooking parameters and 
there is a need to pay more attention on common bean 
cooking and quality-related traits. It is also believed that 
variation among the common bean genotypes grown 
under same soil conditions, fertilizer doze and 
agronomic practices might be due to their genetic 
make-up. Identification of bean germplasm containing 
better cooking qualities along with other nutritional 
outcomes is very important in the quest [13].  

Quality of any food crop is main criteria towards its 
success to end-users and remained an important 
aspect of plant breeding. Common bean is considered 
a good source of protein, fat, carbohydrates, dietary 
fiber, minerals and antioxidants [7-12-13]. A good 
numbers of studies has been conducted to characterize 
the soaking and cooking characteristics of common 
bean [14-15]. Beside the existence of higher nutritional 
contents, common bean requires a long time for 
cooking. Adkins et al. [16] revealed that 7–11 kg of fuel 
wood is required to cook one kg of beans, while less 
than one kg of fuel wood requires to cook one kg of 
maize flour. Therefore, common bean genotypes 
withbetter nutritional quality and reduced cooking time 
are desirable to save time and energy. Diversity 
regarding cooking time in common bean is less explored 
as compared to environmental influences on it. Elia et al. 
[17] found high level of variations for various cooking 
traits beside the usage of lesser number of common 
bean genotypes in their study. Review literature 
suggested that cooking time in common bean is oligo-
genic trait with narrow sense heritability ranged from 
0.74 to 0.90 [18]. The presence of sufficient amount of 
genetic variability has been observed for cooking time 
in common bean. Cooking time of Andean common 
bean panel comprised 200 genotypes was evaluated 
that ranged from 16 to 90 min under optimal growing, 
storage and cooking conditions [13-19]. There is a 
need to conduct more studies to explore quality and 
cooking variations potential of common bean. 
Regarding to this perspective, present study aimed to 
elucidate quality and cooking traits diversity in a global 
common bean germplasm of 150 genotypes originated 
from 10 countries.  

2. MATERIALS AND METHODS 

2.1. Plant Material and Field Experimentation 

A total of 150 common bean genotypes originated 
from 10 countries were used as plant material to 
explore the diversity in cooking and quality traits. A 
total of 98 genotypes originated from nine countries 
were provided by The United States Department of 
Agriculture (USDA). A total of 49 landraces were 
collected from six provinces of Turkey and three 
commercial cultivars were also included as plant 
material in this study. Experiment was conducted 
during 2019 at the Research and Application Area of 
Sivas Vocational School, Cumhuriyet University (39º 
42’31.39’ K, 37º 01’13.15’ D and 1271 m above the sea 
level) using augmented block design with three check 
cultivars. Seeds were sown on 15th May 2019 by hand 
in elementary plots, each consisting of 2 m-long rows, 
with a 50 cm inter- and 10 cm intra-row spacing. The 
experimental site was mainly silt (48.3%) and clay 
(37.1%) with pH of 7.28 and low in organic matter 
content (1.7%). A total of 10 plants were maintained in 
each row after thinning. Ammonium sulfate (51 kg/ha) 
and Di-ammonium phosphate (DAP: 130 kg/ha) were 
used as fertilizer source. Three irrigations and hoeings 
were performed and all other agronomic practices were 
followed regarding to local conditions.  

2.2. Evaluation of Quality and Cooking Traits 

2.2.1. Determination of Fat and Starch Contents 

Seed fat content of each common bean genotype 
was determined by following the methodology 
suggested by Uzun et al. [20]. Starch contents were 
investigated by following the methodology suggested 
by Ovando-Martínez et al. [21]. Fiber content in studied 
germplasm was calculated according to methodology 
of Horwitz and Latimer [22]. 

2.2.2. Determination of Moisture and Ash Contents 

Moisture content in world common bean germplasm 
was investigated by oven drying at 105 °C to constant 
weight according to methodology suggested by AOAC 
(Association of Official Analytical Chemists, 2005) [23]. 
To investigate the ash content, calcination in a furnace 
at 550 °C was maintained accordingly to protocol 
suggested by AOAC (Association of Official Analytical 
Chemists, 2005) [23]. 

2.2.3. Determination of Hydration Capacity and 
Hydration Index 

A total of 100 g seeds from each genotype was 
taken and soaked in 100 ml of distilled water in a 
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measuring cylinder. The measuring cylinder was 
covered with an aluminum foil and left to soak 24 h at 
room temperature. After 24 hours, seeds were drained 
and tissue paper was used to remove excessive water. 
Hydration capacity and hydration index were calculated 
by following the methodology suggested and followed 
by Waniet al. [14] and Adebowale et al. [24]. 

2.2.4. Determination of Swelling Capacity and 
Swelling Index 

A total of 100 g seeds from each genotype was 
taken and their volume was predetermined using a 
graduated cylinder. Seeds were then soaked for 24 h in 
distilled water. After 24 h, seed volume after soaking 
was measured and swelling capacity and the swelling 
index were calculated by following methodology 
suggested by Wani et al. [14] and Adebowale et al. [24]. 

2.2.5. Determination of Seed Density  

A total of 100 g seeds from each genotype was 
taken and transferred to a measuring cylinder and 100 
ml distilled water was added. To obtain seed volume 
(ml/100 g seeds), 100 ml was subtracted from the total 
volume (ml). Increase in the seed volume was recorded 
immediately, so that swelling character not a problem. 
Seed density for each common bean genotype was 
calculated and recorded as g/ ml [25]. 

2.2.6. Determination of Cooking Time 

Cooking time was recorded by following the 
methodology reported by] Wani et al. [14]. A total of 20 
g seeds from each genotype was taken and transferred 
in to a 500 mL beaker and filled it with distilled water. 
Boiling process continued and seeds samples (3-5) 

were withdrawn using a spatula at 5 min intervals upto 
30 min and thereafter after every 2 min and tested for 
softness by pressing between finger and thumb. Total 
time from the start of boiling process to achieve 
desirable softness was recorded as the cooking time.  

2.3. Statistical Analysis 

Various parameters like minimum, maximum, mean, 
and standard deviation were calculated through 
statistical software XLSTAT (www.xlstat.com). Same 
software was used to calculate the Pearson correlation 
coefficient, principal component analysis (PCA) and bi-
plot analysis. The cluster constellation plot for world 
common bean germplasm was constructed through 
JMP 14.1.0 statistical software (2018, SAS Institute 
Inc., Cary, NC, USA). 

3. RESULTS 

Quality traits like fat, starch, fiber, moisture, and ash 
contents ranged from 1.131% to 2.178%, 38.170% to 
47.814%, 7.180% to 11.767%, 10.0% to 19.0%, and 
1.0% to 4.50% with a mean of 1.658%, 42.96%, 
9.233%, 10.895%, and 3.025% respectively (Table 1). 
Similarly, cooking traits like SC, SI, HC, HI, seed 
density and cooking time ranged from 0.10 ml/seed to 
1.445 ml/seed, 0.090 to 0.533, 0.117g/seed to 1.877 
g/seed, 0.161 to 5.469, 0.105g/ml to 3.175 g/ml, and 
46.46 minutes to 218.22 minutes with a mean value of 
0.279, 0.219, 0.452, 1.288, 0.622 and 114.410 
respectively. Maximum and minimum starch contents 
were observed with genotype-39 and genotype-20, 
respectively. Genotype-24 and genotype-120 showed 
maximum and minimum starch contents. Genotype-140 

Table 1: Minimum, Maximum, Mean and Standard Deviation of Studied Traits for World Common bean Panel 

Traits Minimum Maximum Mean Std. deviation 

Fat (%) 1.131 2.178 1.658 0.256 

Starch (%) 38.170 47.814 42.967 1.905 

Fiber (%) 7.180 11.767 9.233 0.899 

Moisture (%) 10.0 19.0 10.895 1.244 

Ash (%) 1.0 4.50 3.025 0.552 

Swelling capacity (ml/seed) 0.10 1.445 0.279 0.176 

Swelling index 0.090 0.533 0.219 0.078 

Hydration capacity (g/seed) 0.117 1.877 0.452 0.261 

Hydration index  0.161 5.469 1.288 0.827 

Seed density (g/ml) 0.105 3.175 0.622 0.379 

Cooking time (Minutes) 46.469 218.222 114.410 34.332 
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reflected higher swelling capacity, swelling index, 
hydration capacity, hydration index, seed density and 
lesser cooking time than the other genotypes. 

Correlation coefficients among the various important 
quality and cooking traits of 150 common bean 
genotypes are presented in Table 2. Starch observed 
significant and positive correlation with fat content. SC, 
SI, HC, HI, and seed density revealed significant and 
positive correlations among each other. Principal 
component analysis was computed for important 
quality and cooking traits in common bean panel of 150 

genotypes. We selected the first five components that 
accounted 78.419% of the total variation (Table 3). The 
first component accounted 36.412% of the variation 
with highest contribution from SC. The second 
component observed 14.655% of the variation with 
highest contribution from fiber. The third component 
showed 10.466% variation and ash was the highest 
variation contributing trait. Similarly, the fourth and fifth 
components revealed 8.901 and 7.984% of the 
variation with highest contribution from fat and moisture 
respectively. Bi-plot analysis explained nearly 51% of 
the total trait variation considering the first two PCs 

Table 2: Pearson’s Correlation Analysis for Cooking and Quality Traits in World Common Bean Germplasm 

Variables Fat Starch Fiber Moisture Ash SC SI HC HI Seed Density Cooking Time 

Fat 1           

Starch 0.60** 1          

Fiber 0.19 0.13 1         

Moisture 0.33** 0.22 0.12 1        

Ash 0.24 -0.06 -0.33 -0.06 1       

SC -0.04 -0.12 -0.14 -0.05 0.12 1      

SI -0.05 -0.13 -0.11 -0.04 0.13 0.82** 1     

HC -0.09 0.06 0.02 -0.04 0.07 0.77** 0.58** 1    

HI -0.07 0.03 0.04 -0.09 0.13 0.70** 0.55** 0.86** 1   

Seed Density -0.10 -0.15 -0.23 -0.10 0.19 0.90** 0.62 0.80** 0.68** 1  

Cooking Time -0.11 -0.20 -0.18 -0.15 0.02 0.11 0.10 0.02 0.03 0.09 1 

**Statistically significant at P ≤ 0.01. 

 
Table 3: Principal Component Analysis for World Common Bean Germplasm 

  F1 F2 F3 F4 F5 

Fat (%) -0.057 0.169 0.304 0.870 0.215 

Starch (%) -0.061 0.467 0.292 -0.332 -0.102 

Fiber (%) -0.087 0.504 -0.438 0.162 -0.112 

Moisture (%) -0.062 0.382 0.289 -0.289 0.725 

Ash (%) 0.106 -0.302 0.658 -0.057 -0.200 

Swelling capacity (ml/seed) 0.471 0.027 -0.015 0.069 0.145 

Swelling index 0.400 -0.001 -0.021 0.083 0.191 

Hydration capacity (g/seed) 0.444 0.202 -0.050 -0.055 -0.091 

Hydration index  0.420 0.189 -0.036 -0.009 -0.188 

Seed density (g/ml) 0.459 -0.038 0.040 -0.003 0.012 

Cooking time (minutes) 0.061 -0.428 -0.328 -0.073 0.513 

Eigenvalue 4.005 1.612 1.151 0.979 0.878 

Variability (%) 36.412 14.655 10.466 8.901 7.984 

Cumulative % 36.412 51.066 61.533 70.434 78.419 
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(Figure 1). Bi-plot analysis distinguished the common 
bean genotypes based on their cooking and quality 
traits. Constellation plot analysis implemented in JMP 
software divided the evaluated common bean 
genotypes into two main populations on the basis of 

their moisture, swelling capacity, seed density and 
cooking time (Figure 2). Population A covered total of 
two genotypes and rest of genotypes were clustered in 
population B.  

 

Figure 1: Bi-plot analysis for quality and cooking traits of world common bean germplasm. 

 

 

Figure 2: Constellation plot of quality and cooking traits in world common bean germplasm. 
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4. DISCUSSION 
4.1. Diversity in Quality Traits 

Quality traits are very important aspects regarding 
to end-users interest and appealability towards food 
crops. Efforts are ongoing to improve the quality and 
cooking traits of food legumes. Common bean contains 
good concentration of protein and considered as “poor 
man's meat”. This study aimed to explore the variations 
for quality and cooking traits in a world common bean 
germplasm. All studied traits reflected a good level of 
variations that will be helpful for common bean 
breeding activities in near future. Fat content in human 
diet has highly significant and direct effect on human 
health. Fats provide essential fatty acids called linoleic 
and linolenic acid and body cannot make them it self. 
Common bean is considered a great source of fatty 
acid, and range of fat contents found in this study were 
high than the reported byprevious studies [26-27]. 
Starch is an important carbohydrate in the human diet 
and play an important role in the exogenous supply of 
glucose and the total food energy intake. Marquezi et 
al. [28] found starch contents in range of 39.68 to 
43.78% while we found starch contents in a range of 
38.17-47.81%. Similarly starch contents found in this 
study were higher than reported by earlier studies [29-
30]. Dietary fiber is considered rich food products as 
they are associated with various physiological actions 
in the small and large intestine. Dietary fiber promotes 
various beneficial physiological effects like laxation, 
and or blood cholesterol attenuation. Similar to protein, 
starch and fat, common bean is considered a good 
source of dietary fiber as well. Range and mean fiber 
contents resulted in this study were found low than the 
previous studies [26-31].  

Range and mean moisture contents observed in this 
study were found higher than earlier studies [26]. Wani 
et al. [14] found 10.0% to 10.2% moisture contents, 
while we found 10.0%-19.0% moisture contents. Range 
of ash contents observed in this study was found 
higher compared to previous studies [14]. Ash contents 
found in this study were much similar to the reported by 
Brigide et al. [26]. All of quality traits observed in this 
study showed higher values than the reported by 
previous studies. This might be due to differences in 
germplasm, number of samples and climatic 
conditions. As all of studied traits reflected good level 
of variation, it is a time to conduct multi-
year/environment field trials of common bean to 
evaluate stable and superior genotypes for traits of 
interest. As some genotypes were found distinct for fat 

(Genotype-39 and genotype-20) and starch(Genotype-
24 and genotype-120), these genotypes should be 
used as candidate parents for common bean breeding 
regarding fat and starch contents.  

4.2. Cooking Traits Diversity 

During this study, a total of six cooking traits were 
studied and all studied traits reflected a good level of 
variations in world common bean germplasm. Ranges 
of swelling capacity and swelling index were higher 
than the reported by previous studies [14-32]. Higher 
values of swelling index revealed the higher swelling 
ability of genotype-140. The higher swelling capacity in 
any genotype is considered ideal in the preparation of 
soups, puddings, and sauces [33]. The swelling ability 
of any seed depends upon its water retention capacity 
or hydration capacity. Hydration capacity explains the 
extent to which seeds absorb water on soaking. 
Hydration capacity depends on chemical composition 
of seed coat and cotyledons [34]. Ranges and mean 
hydration capacity and hydration index resulted in this 
study were higher than the previous studies [14-32-]. 
Genotypes having higher hydration capacity result in 
better cooking quality (less cooking time and texture). 
Genotype-140 resulted maximum hydration capacity 
and can be used as candidate parent for common bean 
breeding. According to Nciri et al. [33], genotypes 
having higher swelling capacities can be ideal in the 
preparation of soups, puddings, and sauces, therefore 
genotype-140 will be ideal for these perspectives as 
well. Mean and range of seed density observed in this 
study were found higher than the previous studies  
[33-35].  

Cooking time is one of the important factor used for 
evaluating cooking quality in pulse crops. Moreover, 
cooking time is important in view of the energy 
requirements associated with cooking and energy 
being a major issue in developing nations where beans 
are largely consumed. Result of this study showed 
higher variations for cooking time compared to previous 
studies [14-35]. Maximum hydration and swelling 
coefficients were resulted by genotype-140. It was 
reported that the legumes having the higher hydration 
and swelling coefficients require less cooking time. 
Therefore, these genotypes will be very helpful to 
develop common bean genotypes with lower cooking 
time. As is obvious from above results, there were 
good variations in studied germplasm for various 
cooking traits. These variation might be due to seed 
size, seed coat thickness, protein contents and water 
absorption characteristics of seeds.  
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4.3. Correlation, PCoA and Constellation Plot 
Analysis 

During this study, fat content reflected highly 
significant and positive correlations with starch, 
moisture and ash content. Hydration capacity showed 
highly significant and positive correlations with 
hydration index, swelling capacity and swelling index. 
Previous studies [36-37] also reported a positive and 
significant correlation of hydration capacity and 
swelling capacity. First five principal component 
analysis (PCA) accounted a total of 78.14% variation. 
First two PCs accounted a total of 51.07% variations 
and maximum variation were contributed by swelling 
capacity and fiber. Correlation analysis and PCA have 
been used earlier as a selection criteria to evaluate the 
best performing genotypes [38]. To select common 
bean genotypes having lesser cooking time, swelling 
capacity and hydration capacity should be used as 
selection criteria. Biplot analysis resulted a total of 
51.01% variations and studied germplasm was divided 
on the basis of cooking and quality traits. Constellation 
plot divided the studied germplasm into two main 
clustered A and B on the basis of moisture, swelling 
capacity, seed density and cooking time (Figure 2). 
Only two genotype clustered in population A. A total of 
148 genotypes were clustered in population B. 
Population B was further divided into B1 and B2. B1 
was found smaller compared to B2 and clustered 
genotypes having higher cooking time. Subpopulation 
B2 was further clustered and B2I and B2II on the basis 
of their swelling capacity and cooking time.  

Germplasm characterization facilitate the scientific 
community to investigate novel phenotypic and 
genotypic variations that can be helpful for the breeding 
perspectives [39-42]. Common bean is an important 
legume crop and source of food for millions of people 
[43-45]. Therefore, more studies should be conducted 
to explore the nutritional potential of this crop. As is 
obvious from above discussed results, we observed a 
good range of variations for quality and cooking traits. 
Genotype-39 and genotype-20 were found distant for 
fat content, while genotype-24 and genotype-120 for 
starch content. Therefore, these genotypes are 
recommended as parents for common bean breeding 
regarding fat and starch contents. Moreover, genotype-
140 showed minimum cooking time, it should be also 
used as a candidate parent to develop common bean 
cultivars requiring lesser cooking time to save time and 
energy. We believe that results presented herein will be 
very effective to develop common bean genotypes 
having higher nutritional value and take lesser cooking 
time.  
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