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Abstract 

Cowpea (Vigna unguiculata) is an inexpensive, nutrient dense legume favoring health. Physical 

characteristics and nutritional composition of Pusa Komal (PK) was compared with improved grain 

cowpea varieties (PL-1, PL-2, PL-3, PL-4, PL-5, PGCP-11 and PGCP-13). Grain cowpea varieties were 

significantly larger in size, higher seed weight, higher hydration and swelling capacity than PK. PGCP-

13 and PL-3 were significantly denser seeds than PK (1.167g/ml). Bulk density of grain cowpea varieties 

(0.714 - 0.76 g/ml) was significantly lower than PK (0.812g/ml). Leaching losses in PL-1, PL-4, PL-5 

and PGCP-13 (11.72 -12.26 %) was significantly lower than PK (13.65%). The proximate composition of 

PK viz. ash (4.02%), crude fat (1.04%), crude protein (24.4%), crude fiber (3.63%) and carbohydrate 

(66.91%) were significantly lower in comparison to different grain cowpea varieties. Phytate content was 

significantly low in PGCP-11, PL-4 and PL-3 (ranged from 184.77 to 203.31 mg/100g) than PK (204.24 

mg/100g). The tannic acid content of PL-1, PGCP-13 and PL-3 was significantly lower than PK (0.68%). 
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Introduction 

Adequate nutrition is a fundamental cornerstone of any individual’s health but it is especially 

critical for women because inadequate nutrition not only destroys women’s health but also of 

their children (Ravishankar 2012) [27]. In India, under nutrition continues to be a major 

problem with Chronic Energy Deficiency (CED) highly prevalent in women and Protein 

Energy Malnutrition (PEM) in children. Prevalence rate of CED is used as a measure of (adult) 

nutrition and health status for any region or country (Ramachandran et al. 2006) [24]. 

Prevalence of CED in India, among non pregnant non lactating (NPNL) tribal women was 

higher (56%) than rural women (36%) (Rao et al. 2010) [26]. 

The main reason of under nutrition is inadequate access to protein and energy dense foods to 

meet their daily requirement because of poverty and low purchasing power of poor population. 

The use of plants as food to meet the world’s food needs is vital to human survival. On a 

global basis, over 65 % of food protein and over 80 % of food energy is supplied by plants 

(Onder and Kahraman 2009) [20]. 

Pulses form a major source of plant protein for a huge section of India particularly for the 

poor, backward classes and most of the traditionally vegetarian population (Reddy 2004) [28]. 

Pulses have double the protein content of wheat and three times that of rice and are valuable 

for the cropping system in maintaining and improving the productivity of soil due to the 

nitrogen fixation ability (CACP). Pulse protein is the cheapest source of protein available to 

mankind but unfortunately the protein is accompanied by antinutrients. The presence of these 

antinutrients makes plant protein (especially legumes) partially available and of poor quality 

(Odumodu 1992) [18]. Legumes represent one of the most important food categories that have 

been extensively used as staple foods to cover basic needs of protein and energy throughout 

the history of humanity. As a food group, pulses have several appealing attributes including 

their high nutritional value, low cost and long preservation periods outside the cold chain. 

Although India is the largest producer and consumer of pulses in the world (Jain et al. 2009) 
[13] but the per capita availability  
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of pulses has declined in the past five decades due to 

increasing population and stagnant pulses production. 

Production of Pulses in India in 2017-18 was 25.23 million 

tonnes (MT). In conformity to the objective of FSA-2013 to 

ensure nutritional security, the per capita per day availability 

of pulses has risen to 53 g per head/day from a low level of 

41-42 g between 1991 to 2013 (Min. of Agri. & FW, GOI 

2018). Lack of high yielding and short duration varieties of 

pulses resulted in poor yield. Farmers were using local 

varieties of seeds, mostly their own. These seeds were used 

over a longer period and their productivity was lesser in 

comparison to the improved/new seeds (Banerjee et al. 2010). 

To mitigate the problem of CED, PEM and for increasing per 

capita availability of pulses, researchers are focusing on 

production and evaluation of physical characteristics and 

nutritional composition of uncommon pulses like cowpea. 

Cowpeas (Vigna unguiculata) are an important grain legume 

in developing countries like India. Legumes such as soybeans 

and groundnuts are oil-protein seeds whereas cowpeas are 

starch-protein seeds. Grain cowpea varieties are high yielding, 

early maturing, well grown and fit in rice wheat cropping 

system in context of Uttarakhand, wherein the lands are 

marginal with low productivity and rain fed agriculture 

(Pandey and Singh 2006) [2]. Pantnagar University has 

developed many early maturing grain cowpea varieties under 

pulse improvement programme aiming to increase per capita 

availability of legumes in the state. Although legumes are 

main source of protein but unfortunately the protein is 

accompanied by anti-nutrients that reduces its quality and 

bioavailability. Therefore, evaluation of nutritional 

composition and physical characteristics of such improved 

varieties are essential to enhance their utilization. The present 

study was carried out with the objective to identify most 

promising lines for improved varieties of grain cowpea from 

nutritional point of view against conventionally grown 

vegetable cowpea (Pusa Komal). 

Grain type improved varieties include three released varieties 

viz. Pant Lobia-1 (PL-1 released in 2008), Pant Lobia-2 (PL-2 

released in 2010), Pant Lobia-6 (PL-5 released in 2012) and 

four other varieties that are under breeding trial at Pantnagar 

University viz. Pant Grain Cowpea -11(PGCP-11), Pant Grain 

Cowpea -12(PL-4), Pant Grain Cowpea -13(PGCP-13) and 

Pant Grain Cowpea -14(PL-3). These varieties were compared 

with PK as baseline. PK is an improved variety of cowpea 

developed by IARI, Karnal. 

 

Materials and Methods 

Cowpea samples were procured from Breeder Seed 

Production Centre, G.B. P. U.A &T., Pantnagar 

(Uttarakhand). All the samples were cleaned for dust and 

foreign materials and dried in an air oven at 40-50°C for 6-7 h 

to prevent deterioration by biological agents such as insects 

and moulds. The dried samples were stored in clean airtight 

containers and used for determination of physical 

characteristics of grains. For determination of nutritional 

composition, cowpea grains were subjected to grinding in 

Wiley mill and passed through 60 mesh sieve. Cowpea flours 

were stored in airtight container and subjected to analysis in 

triplicates for proximate composition (AOAC, 1995) and anti-

nutritional factors viz. phytate, tannins and trypsin inhibitor 

(Ranganna 1986) [25].  

Physical characteristics viz. seed size including dimensions, 

namely seed length, width and thickness was determined by 

the procedure given by Demooy and Demooy 1990; [7] 

whereas 100-seed weight, density, hydration capacity, 

hydration index and swelling capacity were determined by the 

method given by Sood et al. 2002 [33]. Swelling index, bulk 

density, seed coat and leaching losses were determined by the 

methods given by Williams et al. 1983; [38] Wang and 

Kinsella 1976; [37] Giami and Okwechime 1993 [10]; Akinyele 

et al., respectively. The data were analyzed by using complete 

randomized design to find out significant difference between 

cowpea samples (Snedecor and Cochran 1967) [32]. 

 

Results and Discussion 

Physical Properties 

The improved varieties of grain cowpeas can be processed 

into value added products that would be influenced by their 

physical and nutritional properties. Physical properties such as 

seed coat texture affect hydration characteristics while 

chemical composition (nutrients and anti-nutrients) affects 

cooking properties of seeds (Sefa-Dedeh et al. 1978) [30]. The 

results related to physical characteristics of eight varieties of 

cowpeas are presented in Table 1. 

 

Seed Size 

Seed size was determined by considering three linear 

dimensions viz. length, width and thickness. Data show that 

PK was significantly smaller in size than other grain cowpea 

varieties (except thickness of PL-2 which was not 

significantly higher than PK). Length, width and thickness of 

grain cowpea varieties varied from 7.33- 9.26 mm, 5.5- 6.2 

mm and 4.02- 4.91 mm, respectively whereas it was 6.81 mm, 

4.98 mm and 3.94 mm, accordingly for PK. Appiah et al. 

2011 had also reported the length of locally grown grain 

cowpeas varieties ranged from 7.73-7.67mm.  

 

100-Seed Weight  

The seed weight could be a useful criterion for determining 

suitability for a particular end-use application of cowpea 

variety. For example, varieties with large seeds would be 

preferred for canning, since this would mean less quantity of 

beans would be required to attain a high cooked bean weight 

(Henshaw 2008) [12]. Results revealed that 100-seed weight of 

PK (9.96 g) was significantly lower than other grain cowpea 

varieties (13.38 g to 17.31 g). PGCP-13 showed higher seed 

weight followed by PL-4, PGCP-11, PL-1, PL-3, PL-5 and 

PL-2. Henshaw 2008 [12] reported that 100- seed weight of 28 

cowpea varieties ranged between 11-26g. 

On the basis of 100-seed weight, cowpea varieties are 

classified into size categories (Ogle et al. 1987). Varieties 

with seed weight between 10-15 g, 15.1-20 g and 20.1 -25 g 

are described as small, medium and large size seed, 

respectively whereas seed weight over 25 g are described as 

very large seeds. According to this classification grain 

cowpeas are described as medium size seeds whereas PK is 

small size seed. 

 

Seed Volume  

Seed volume of PK (85.67 ml/100g) was significantly lower 

than PL-1, PL-2, PL-5 and PL-4 whereas PGCP-13 and PL-3 

had significantly lower volume than PK. 

 

Seed Density  

Grain cowpea varieties viz PGCP-13 and PL-3 were 

significantly denser seeds than PK (1.167g/ml) whereas PL-1, 

PL-2, PL-5 and PL-4 were less dense than PK.  

 

Bulk Density  

Bulk density of grains indicate the degree of kernel filling
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 during growth and therefore an indicator of quality and 

predicated in breakage susceptibility and hardness studies, 

milling and baking qualities (Chang 1988) [6]. Results 

revealed that bulk density of grain cowpea varieties (ranging 

from 0.714 to 0.76 g/ml) was significantly lower than PK 

(0.812g/ml). 

 

Leaching Losses  

Soluble solid loss into cooking water generally decreases the 

nutritional and economic value of the final product and it is 

one of the quality indicators of the cooked legumes (Guzel 

and Sayar 2012). Leaching losses in PL-2, PGCP-11 and PL-3 

(ranged from 13.74 to 15.1%) were significantly higher than 

PK (13.65%) whereas it was significantly lower in PL-1, PL-

5, PL-4 and PGCP-13 (ranged from 11.72 to 12.26 %). The 

total solids loss was reported to be between 2 and 19% of the 

dry legume seeds during soaking and cooking, depending on 

the water temperature, physiochemical defects on seed and 

type of seed (Kon 1979; Wang et al. 1979; Seena and Sridhar 

2005). 

 

Seed Coat  

Grain cowpea varieties viz. PL-2, PL-5 and PGCP-11(ranging 

from 6.16 to 6.73%) had significantly higher seed coat than 

PK (6.12%) whereas PL-1, PL-4, PGCP-13 and PL-3 had 

significantly lower seed coat percentage (ranging from 2.73 to 

6.07 %) than PK. 

 

Hydration Capacity and Hydration Index 

Hydration capacity of PK (0.11 g/seed) was significantly 

lower than all grain cowpea varieties (0.13 to 0.22 g/seed). 

Hydration index of PK was 1.11 which was significantly 

lower than PL-1, PGCP-11, PL-4, PGCP-13 and PL-3 (ranged 

from 1.15 to 1.29) and higher than PL-5 (1.0). 

 

Swelling Capacity and Swelling Index 

Swelling capacity of PK (0.12 ml/seed) was significantly 

lower than all grain cowpea varieties (ranged from 0.14 to 

0.26 ml/seed). Swelling index was significantly higher than 

PL-2 and PL-5 whereas it was significantly lower than PL-1, 

PL-4, PGCP-13 and PL-3. 

Table 1: Physical properties of eight cowpea varieties* 
 

Components PL-1 PL-2 PL-3 PL-4 PL-5 PGCP-11 PGCP-13 PK CD0.05 

Seed 
Size 

Seed length (mm) 7.85±0.010d 7.67±0.006e 8.35±0.229b 8.03±0.017c 7.63±0.011 ef 7.33±0.007g 9.26±0.065a 6.81±0.003h 0.146 

Seed width (mm) 5.93±0.024d 5.50±0.055g 6.20±0.007a 5.62±0.006f 5.75±0.009e 6.06±0.022cb 6.07±0.004b 4.98±0.062h 0.055 

Seed thickness (mm) 4.59±0.002dcb 4.52±0.008ed 4.02±0.015g 4.31±0.009f 4.75±0.010ba 4.72±0.004cb 4.91±0.275a 3.94±0.009hg 0.169 

100-seed weight (g) 14.29±0.011d 13.38±0.115g 14.16±0.001e 15.30±0.017b 13.78±0.057f 14.69±0.001c 17.31±0.005a 9.96±0.006h 0.078 

Seed volume (ml/100 g) 90.17±0.289cbc 90.67±1.155a 81.17±1.041g 89.67±0.577dabc 90.17±0.289bac 85.50±0.500fe 80.67±1.155hg 85.67±0.577e 1.345 

Seed density (gm/ml) 1.109±0.004gef 1.103±0.014hefg 1.232±0.016bb 1.115±0.007e 1.109±0.004fe 1.170±0.007c 1.240±0.018a 1.167±0.008dc 0.019 

Bulk density (gm/ml) 0.714±0.000hfg 0.723±0.015gef 0.760±0.016dbc 0.732±0.015fbcde 0.760±0.016b 0.760±0.016cb 0.750±0.016ebcd 0.812±0.037a 0.033 

Hydration capacity (g/seed) 0.17±0.0001dc 0.15±0.0005f 0.16±0.0001e 0.18±0.0000b 0.13±0.0002g 0.17±0.0001c 0.22±0.0002a 0.11±0.0001h 0.001 

Hydration index 1.23±0.001b 1.11±0.002f 1.15±0.000d 1.22±0.004c 1.00±0.001h 1.15±0.000ed 1.29±0.001a 1.11±0.001gf 0.003 

Swelling capacity (ml/seed) 0.18±0.001dc 0.16±0.002f 0.18±0.001c 0.20±0.001b 0.14±0.001g 0.17±0.001e 0.26±0.000a 0.12±0.000h 0.002 

Swelling index 1.44±0.006d 1.32±0.015g 1.59±0.029b 1.51±0.024c 1.11±0.012h 1.40±0.014e 1.86±0.028a 1.40±0.008fe 0.033 

Seed coat (%) 2.73±0.003h 6.57±0.005b 3.74±0.001g 6.07±0.001e 6.16±0.035c 6.73±0.004a 5.78±0.002f 6.12±0.018d 0.024 

Leaching losses (%) 11.92±0.026f 13.77±0.006b 15.10±0.105a 12.26±0.037e 11.72±0.021hg 13.74±0.003cb 11.74±0.010g 13.65±0.021d 0.073 

*Means ± SD (n=3); Average values in rows with same superscript differs non-significantly (p<0.05) 

 
Proximate Composition  

Proximate assay is an important criterion to assess the overall 
composition and nutritional status of any ingredient intended 
for food use. The data on proximate composition (dry weight 
basis) of eight varieties of cowpea are summarized in Table 2. 
Ash content of a foodstuff is inorganic residue which remains 
after destruction of organic matter. It may not necessarily be 
exactly equivalent to the mineral matter as some changes may 
occur due to volatilization or some interaction between 
constituents (Ranganna 1986) [25]. The mineral content in PL-
1, PGCP-11 and PL-3 (3.23 to 3.83%) was significantly lower 
than PK (4.02%) whereas PL-5 (4.47%) had significantly 
higher ash content. 
The crude fat represents, besides the true fat (triglycerides), 
other materials extractable with ether such as phospholipids, 
sterols, essential oils and fat soluble pigments (Ranganna 
1986) [25]. Fat provides energy and aids in transport of fat 
soluble vitamins, insulates and protects internal tissues and 
contributes to important cell processes (Jones et al. 1985 and 
Pamela et al. 2005) [14, 21]. Crude fat content of PL-1 and PL-2 
was significantly higher than PK (1.04%) whereas other grain 
cowpea varieties viz. PL-5, PL-4 and PL-3 contain 
significantly low crude fat. Crude fat values reported by Preet 
et al. 2000 [23] in brown cowpea varieties ranged from 1.77-
1.96%. 
Substances, such as enzymes, hormones, and antibodies are 
protein in nature and are necessary for the proper functioning 
of an organism. Lysine is the limiting amino acid in cereal 
proteins whereas legumes contained adequate amount of 
lysine. Therefore, it is recommended to enhance the protein 

quality of the diet through easily available and accessible 
plant protein sources especially legumes to improve the 
nutritional status of the low income group of population 
(Khattab and Arntfield 2009) [15]. 
The crude protein measures the total nitrogen content of a 
product, and from that, estimates the amount of the protein 
within that product. It is calculated from the determined 
nitrogen content by multiplying with a factor (as 6.25 for 
many foods and 5.7 for wheat). 
Results of present study revealed that the crude protein 
content in PL-1, PL-2 and PL-5 was significantly higher than 
PK (24.4%) whereas protein content was significantly lower 
in PGCP-11, PL-4 and PL-3. Crude protein values reported by 
Preet et al. 2000 [23] in brown cowpea varieties ranged from 
20.07 to 24.60%. 
Crude fiber is the organic residue which remains after the 
food sample has been treated under standardized conditions 
with petroleum spirit, boiling dilute sulphuric acid, boiling 
dilute sodium hydroxide solution and alcohol. The crude fiber 
consists largely of cellulose together with a little lignin. 
Except PL-1(3.57%), crude fiber content of grain cowpea 
(4.08 to 4.53%) was significantly greater than PK (3.63%). 
Preet et al. 2000 [23] reported crude fiber contents in brown 
cowpea varieties varied from 4.27 to 4.95%. 
Carbohydrates are main source of energy and provide the 
ideal fuel (glucose) for body to function optimally. The 
carbohydrate content in PGCP-11(67.76 %) was significantly 
higher than PK. Grain cowpea varieties viz. PL-1, PL-2, PL-5 
and PGCP 13 had significantly less carbohydrate content.
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Table 2: Proximate composition of Cowpea grains* 

 

Cowpea varieties Ash (%) Crude Fat (%) Crude Protein (% on dry wt) Crude Fiber (%) Carbohydrate (%) 

PL-1 3.83±0.10fde 1.39±0.08a 29.27±0.37ba 3.57±0.34hg 61.94±0.24gf 

PL-2 4.22±0.04ba 1.23±0.16ba 29.69±0.74a 4.51±0.18ba 60.35±0.66hfg 

PL-5 4.47±0.06a 1.0±0.02fcde 28.91±0.65cab 4.08±0.06fe 61.54±0.70f 

PGCP-11 3.23±0.07h 1.15±0.24cb 23.74±0.31hdefg 4.12±0.04ed 67.76±0.33a 

PL-4 4.07±0.07dbc 0.99±0.02gcdef 23.95±0.7gdef 4.48±0.03cab 66.51±0.63cab 

PGCP-13 4.16±0.02cb 1.05±0.06dbc 24.56±0.61d 4.53±0.04a 65.7±0.63ebcd 

PL-3 3.62±0.05gf 0.89±0.07hdefg 24.19±1.02fde 4.39±0.03dabc 66.91±0.90ba 

PK 4.02±0.41ebcd 1.04±0.05ecd 24.4±0.52ed 3.63±0.26g 66.91±0.94dbc 

CD0.05 0.268 0.190 1.121 0.295 1.161 

*Means ± SD (n=3); Average values in rows with same superscript differs non-significantly (p<0.05) 

 

Anti-Nutrients in Cowpea 

The presence of antinutritional factors is one of the major 

drawbacks limiting the antinutritional and food qualities of 

the legumes (Salunkhe 1982) [29]. Phytic acid reduces the 

bioavailability of some essential minerals and tannins inhibit 

the digestibility of protein. (Duhan et al. 1989 and Van der 

Poel 1990) [9, 35]. The data related to anti-nutrients are 

summarized in Table.3. 

Phytic acid decreases the bioavailability of essential minerals 

and turns into insoluble compounds whose absorption and 

digestion is less in the small intestine (Desphande and 

Cheryan 1984) [8]. Phytate content was significantly low in 

PGCP-11, PL-4 and PL-3 (ranged from 184.77 to 203.31 

mg/100g) than PK (204.24 mg/100g) and remaining varieties 

(except PL-5) had significantly high phytate content than PK. 

Variation in PL-5 with PK was not statistically significant.  

Tannin (Polyphenol) forms complexes with proteins under 

certain pH conditions and thus responsible for low protein 

digestibility, decreased amino acid availability and increased 

faecal nitrogen (Jain et al. 2009) [13]. The tannic acid content 

of PL-1, PGCP-13 and PL-3 was significantly lower than PK 

(0.68%). Tannic acid content was significantly high in PL-2, 

PL-5, PGCP-11 and PL-4 than PK. 

Tripsin inhibitor, when ingested in large quantity disrupts the 

digestive process and may lead to undesirable physiological 

reactions (Booth et al. 1960) [5]. No significant variation was 

observed in trypsin inhibitor content of grain cowpea varieties 

(ranged from 13.26-14.58 TIU/mg Protein) when compared 

with PK (14.12 TIU/mg Protein). These varieties have very 

low amount of trypsin inhibitor activity as reported by Udensi 

et al. 2007 [34] in raw seeds of vegetable cowpea (1113 

TIU/g). 

 
Table 3: Anti-nutrients in Cowpea grains* 

 

Cowpea varieties Phytate (mg/100g) Tannic acid (%) Trypsin inhibitor activity (TIU/mg Protein) 

PL-1 211.57±1.51b 0.51±0.02h 13.89±0.83 

PL-2 208.77±0.83c 0.81±0.01b 13.65±0.11 

PL-5 203.31±1.01 ed 0.84±0.02a 14.37±0.43 

PGCP-11 184.77±0.83hg 0.74±0.02c 14.58±0.25 

PL-4 196.63±1.05f 0.74±0.02dc 14.16±0.25 

PGCP-13 223.17±0.83a 0.63±0.01f 13.6±0.35 

PL-3 195.17±0.85g 0.60±0.01g 13.26±0.4 

PK 204.24±1.06d 0.68±0.01e 14.12±0.74 

CD0.05 1.764 0.024 NS 

* Mean± S.D. (n=3); NS=Not significant; Average values in rows with same superscript differs non-significantly (p<0.05) 

 

Conclusion 

Cowpea meal is a valuable protein source which can 

contribute towards overcoming the predicted protein shortage 

by supplying protein. Grain cowpea varieties like PL-1, PL-2 

& PL-5 have high protein content and can be used for 

improving the quality of diet. Thus, these grain cowpea 

varieties can play a potential role in increasing per capita 

availability of pulses as well as maintaining good nutrition 

and human health. 
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