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ABSTRACT 

 

The influence of seed coat and cotyledon structure on cooking 

characteristics of cowpeas 

 

by 

Luisa Penicela 

 

Promoter: Prof Amanda Minnaar 

Co-supervisor: Dr Mohammad Naushad Emmambux 

Department: Food Science 

Degree: MSc (Agric) Food Science and Technology 

 

Cowpea (Vigna unguiculata L. Walp) is an important legume mainly used for human 

consumption worldwide, particularly in developing countries.  Cowpea legume is rich 

in protein (25%), carbohydrates (70%), dietary fibre, minerals and vitamins. Cowpea 

comprises a range of varieties that breeders release based primarily on agronomic 

characteristics, such as yield, early maturity and drought tolerance. However, 

consumers do not always adopt all the released cowpea varieties. Cooking 

characteristics such as cooking time and sensory properties (i.e. appearance, texture, 

flavour) of cooked cowpeas are believed to be quality characteristics for legume 

acceptability by consumers. Physicochemical characteristics are known to influence 

cooking characteristics of cowpeas. These characteristics may be influenced by seed 

coat and cotyledon structure.  The present study focuses on the effect of seed coat and 

cotyledon structure on cooking and sensory characteristics of cowpeas and how this in 

turn influences consumer acceptability of cowpeas. 

 

The influence of seed coat thickness and cotyledon compactness on cooking 

characteristics of four cowpea types (thick seed coat/compact cotyledon (Bechuana 

White), thick seed coat/porous cotyledon (IT82E 18), thin seed coat/compact 

cotyledon (Black Eye) and thin seed coat/porous cotyledon (California Black) was 

studied. Seed coat thickness was found to influence water absorption during soaking. 

Cowpeas with thin seed coats had higher rates of water absorption during soaking due 
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to its amorphous cell layer that rendered the seed coat more permeable compared to 

the palisade cell layer found in cowpeas with thick seed coats. Cotyledon 

compactness influenced cooking time of cowpeas. Cowpeas with porous cotyledons 

cooked faster compared to cowpeas with compact cotyledon probably because of the 

structural arrangement of porous cotyledon cells that provide more intercellular 

spaces for rapid water entry, cell expansion and separation favouring a faster cooking 

process compared to compact cotyledon.  

 

Seed coat and cotyledon structures directly influenced very few of the cooking and 

sensory characteristics. Sensory attributes such as cooked cowpea flavour, degree of 

sweetness, degree of sweet aftertaste, and degree of mushiness positively contributed 

to consumers’ liking of cowpeas. Raw cowpea flavour, bitter taste, degree of bitter 

aftertaste and degree of firmness contributed to consumers’ disliking of cowpeas. 

Chemical composition of cowpeas probably influences sensory characteristics of 

cowpeas more than seed coat and cotyledon structures. 

 

It is recommended that breeders work together with food scientists in order to release 

cowpeas types that are preferred by consumers (i.e. cowpeas with good appearance 

(low percentage of splitting), good flavour and soft texture upon cooking.  
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1 INTRODUCTION AND PROBLEM STATEMENT 
 

Cowpea (Vigna unguiculata L. Walp) constitutes an excellent source of high quality 

proteins, carbohydrates, minerals, vitamins and dietary fibre in the diet of populations, 

especially in the developing countries where they are readily available (Wu, 2002). 

The dry grain of cowpea, according to Taiwo, Akanbi & Ajibola (1997b), is the 

principal product used for human consumption. Leaves (mostly in eastern Africa), 

fresh peas (the southern US and Senegal) and fresh green pods (humid regions of Asia 

and the Caribbean), are also consumed. The whole grain is cooked and consumed, 

alone or with maize, rice or sorghum. It can also be soaked, dehulled and ground into 

a paste to produce akara or moin-moin (Uwaegbute, Iroegbu & Eke, 2000).  

 

Cowpea is a widely adapted, drought tolerant grain legume (IITA, 2006). The total 

area grown for cowpea worldwide in 2003 was 9.8 million ha of which about 91% 

was in West Africa (Mahalakshmi, Lawson & Ortiz, 2007). Food and Agriculture 

Organization (FAO) estimated that 3.7 million tonnes of cowpea dry grains were 

produced worldwide in 2003 (Mahalakshmi et al., 2007). The world average yield 

was estimated as 378 kg/ha (Mahalakshmi et al., 2007). About ӏ of the production 

and more than ¾ of the area of production is spread over the Sudan Savanna and 

Sahelian zones of sub-Saharan Africa from Senegal going east through Nigeria and 

Niger, from Angola across Botswana to Mozambique, Kenya and Tanzania (Ehlers & 

Hall, 1997). 

 

Cowpea production for food uses comprises various varieties. Plant breeders are 

responsible for making new varieties available on the market. To release new 

varieties, breeders consider yield, early maturity, pest resistance, drought tolerance, 

nutritional value and consumer preferred-traits such as large seeds size and colour 

(IITA, 2006). However, consumers do not always adopt these new varieties. 

Consumers may have a completely different set of criteria than breeders, that include 

cooking and sensory characteristics (Taiwo, 1998). Thus, consumer preference 

information is essential to direct cowpea breeding research (Langyintuo, Ntoukam, 

Murdock, Lowenberg-DeBoer & Miller, 2004). 

 
 
 



 2

Various physicochemical and sensory characteristics may influence consumer 

preferences of whole cooked cowpeas. These are for example, seed size, seed coat 

colour (Langyintuo et al., 2004) and cooking characteristics such as cooking time, 

mouth feel and texture (Taiwo, 1998). Physical (i.e. seed coat and cotyledon structure) 

and compositional (e.g. protein and starch) characteristics of cowpeas may influence 

cooking characteristics and ultimately consumer preferences of cowpea types.  

 

The influence of seed coat and cotyledon structure on the water absorption (Sefa-

Dedeh & Stanley, 1979c) and texture of soaked and cooked cowpeas (Sefa-Dedeh & 

Stanley, 1979b) has been briefly investigated. It was found that the seed coat and 

cotyledon structure play a significant role on cooking characteristics such as water 

absorption, cooking time and texture of cooked cowpeas. For example cowpeas with 

thin seed coats have shown rapid water absorption compared to cowpeas with thick 

seed coats (Sefa-Dedeh & Stanley, 1979c). The same authors reported that porous 

cotyledon of certain cowpeas may explain the rapid absorption of water compared to 

compact cotyledon. Porous cotyledon may allow for the rapid channelling of water in 

the cotyledon. 

 

Seed coat has been reported to be the major barrier for seed softening, when cooking 

time was compared between whole and decorticated beans (Jackson & Varriano-

Marston, 1981). However, it seems that there has been limited research done 

regarding the specific role and contribution of seed coat and cotyledon structure of 

cowpeas on cooking characteristics such as cooking time, splitting of cooked 

cowpeas, sensory characteristics (e.g. texture, taste and aroma) and ultimately 

consumer preferences.  
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2 LITERATURE REVIEW 

 

This literature review discusses the influence of seed coat and cotyledon structure of 

cowpeas in cooking, sensory characteristics and consumer preference, and identifies 

the gaps in knowledge.  

 

2.1 Structure and chemical composition of cowpea seed 

It is important to understand the structure and chemical composition of cowpea seeds 

to explain the underlying physicochemical changes that occur during soaking and 

cooking, which in turn may eventually influence consumer preferences. 

 

2.1.1 Structure of cowpea seed 

The cowpea seed is composed of seed coat, cotyledon, hilum, micropyle and germ or 

embryo (Figure 2.1).  

 

 

 

 

 

 

 

 
 
 
 
 
Figure 2.1 Scanning electron microscopy of California Black cowpea seed 

showing seed coat, micropyle, hilum, raphe and cotyledon  

 

Cowpeas vary in terms of size (length, width and thickness) and seed weight, 

according to variety and origin of the seeds as reported by different authors (Table 

Micropyle Hilum Raphe Seed coat Cotyledon 
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2.1). The hilum has been reported to range in length from 2 to 3 mm (Sefa-Dedeh & 

Stanley, 1979c). 

 

Table 2.1 Seed size (length, width and thickness) and 100 seed weight of cowpeas  

Seed characteristic Sefa-Dedeh & 

Stanley (1979c) 

(modified) 

Demooy & 

Demooy (1990) 

(modified) 

Giami (2005)  

Length (mm) 6.1 (0.6)-8.8 (0.9) 5.0-8.8 6.3 (0.3)-8.8 (0.5) 

Width (mm) 5.2 (0.3)-7.3 (0.6) 5.0-6.8 4.8 (0.3)-5.8 (0.4) 

Thickness (mm) 3.9 (0.2)-5.1 (0.4) 4.0-5.3 a 

100-seed weight (g) a 7.5-19.2 12.5 (0.2)-18.6 (0.4) 
a No reported value, Standard deviations in parentheses 

 

 2.1.1.1 The seed coat structure 

The seed coat is a layer that provides physical protection to the cotyledons from the 

external environment of the cowpea seed. The percentage of seed coat in cowpeas has 

been reported to vary from between 9.3 and 33% (Ehlers & Hall, 1997). Cowpea seed 

coat consists of various colours ranging from white through various shades of buff, 

green, brown, red and purple to black; the predominant colours are brown and a 

combination of white and brown (Taiwo, 1998). The surface of the seed coat has been 

reported to vary: thick seed coated cowpeas showed a smooth surface while thin seed 

coated cowpeas showed a rough and a convoluted surface (Sefa-Dedeh & Stanley, 

1979c).  

 

According to Ma, Cholewa, Mohamed, Reterson & Gijzen (2004), a typical legume 

seed coat contains numerous specified areas, i.e. hilum, micropyle, raphe and the seed 

coat (Figure 2.1). The hilum, an elliptical area is a scar formed when the funiculus 

(the part of a pod that links to the seed) detaches from the seed at maturity (Ma et al., 

2004). The micropyle is the pore through which the radicle emerges during seed 

germination (Ma et al., 2004). It is located just below the hilum. Micropyle may be a 

Y-shaped closed or can be a circular open micropyle depending upon cowpea type 

(Sefa-Dedeh & Stanley, 1979c). The raphe is a slightly depressed area on the opposite 

side of the micropyle beneath the hilum (Ma et al., 2004). Lush & Evans (1980) 
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Seed  coat palisade layer

Cotyledon storage
parenc hyma cells

Seed  coat palisade layer

Seed  coat ho urglass 
layer

observed that in smooth-coated cowpeas the micropyle and raphe were closed while 

in rough seed coats the micropyle was open and the amorphous cell layer in the seed 

coat was relatively thin as compared to palisade cell layers in smooth seed coats.  

The microstructure of the seed coat consists of an external layer known as cuticle or 

waxy layer (may be present or absent) followed by epidermis (palisade cell layer or 

amorphous cell layer, according to cowpea type), hypodermis or hour glass layer and 

parenchyma cell layer. Figure 2.2 shows the seed coat comprised of palisade cell layer 

and hourglass layer and the cotyledon storage parenchyma cell layer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Scanning electron microscopy of a cross section of a conditioned 

Bechuana white cowpea seed (Phadi, 2004)  

 

The epidermal layer of cowpeas may consist of a palisade layer made up of well 

organized palisade cells consisting of thick-walled, elongated cells with the long axis 

oriented perpendicularly to the surface (De Sousa & Marcos-Filho, 2001). Sefa-Dedeh 

& Stanley (1979c) reported that well organized palisade cells are associated with 

relatively thick seed coats ranging from 43 to 59 µm. In addition, the epidermal cell 

layer may consist of an amorphous layer (Sefa-Dedeh & Stanley 1979b; Agbo, 

Hosfield, Uebersax & Klomparens, 1987) which, according to Sefa-Dedeh & Stanley 

(1979b) comprises loosely packed cells where distinct palisade cells cannot be 
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identified. Amorphous cells are associated with thin seed coats (Sefa-Dedeh & 

Stanley, 1979b), ranging from 5.8 to 9.9 µm (Sefa-Dedeh & Stanley, 1979c). The next 

layer of the seed coat is the hypodermis, also called hour glass layer, comprising pillar 

cells. They are larger than the adjacent cell layers and are separated by wide 

intercellular spaces, except under the hilum fissure where they are absent (De Sousa 

& Marcos-Filho, 2001). The internal structure of the seed coat is the parenchymateous 

layer formed by layers of thin-walled, tangentially elongated parenchyma cells (De 

Sousa & Marcos-Filho, 2001).     

 

 2.1.1.2 The cotyledon structure 

Cowpea seed is composed of two cotyledons covered by a seed coat. The cotyledon 

forms a major part of the seed (Sefa-Dedeh & Stanley, 1979a). It comprises 

parenchyma cells which are known as storage sites of most nutrients (Sathe & 

Despande, 2002), for example carbohydrates and proteins as the main components 

(Sefa-Dedeh & Stanley, 1979c). The cotyledon parenchyma cells are reported to have 

intercellular spaces that may be in compact cotyledons (few intercellular spaces) or 

porous cotyledons (many intercellular spaces). The parenchyma cells range in length 

from 60 to 120 µm, with irregular shape, showing starch granules, protein bodies and 

a cytoplasmic matrix (Phadi, 2004) (Figure 2.3) and some lipid bodies mainly found 

along the cell wall (Saio & Monma, 1993). 

 

2.1.2 Chemical composition of cowpea seed  

Table 2.2 presents the proximate composition of the dry cowpea seeds, showing 

variations probably due to differences in terms of variety, growth location of the 

seeds, and agronomic practices (Hsieh, Pomeranz & Swanson, 1992). 

The legume family of plants (plants producing pods) is not only an important source 

of proteins and carbohydrates, but also a good source of several B-complex vitamins, 

minerals and fibre (Wu, 2002). According to Prinyawiwatkul, McWatters, Beuchat & 

Phillips (1996) cowpeas are a good source of niacin, thiamine, and other water soluble 

vitamins, and essential minerals for example calcium, magnesium, potassium, and 

phosphorus (Table 2. 3).  
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Figure 2.3 Scanning electron microscopy of the cotyledon cross section of a 

tempered raw Bechuana white cowpea (Phadi, 2004) 

 
Table 2.2 Proximate composition of cowpeas  

Parameter Taiwo (1998) 

(modified)  

Uwaegbute et al. (2000) 

(modified) 

Phadi (2004) 

(modified) 

Moisture (%)   9.8 15.6 (0.1)   8.6 ((0.1) 

Fibre (%)   1.9   1.3 (2.0) a 

Ash (%)   3,4   1.3 (1.2)   3.5 (0.1) 

Protein (%) 24.9 24.2 (0.4) 22.3 (0.4) 

Lipid (%)   3.8   3.5 (0.1)   1.4 (0.02) 

Carbohydrate (%) 56.4 50.3 (0.4) 64.2 (0.5) 

a No reported values. Standard deviations of mean values are in parenthesis.  

 

2.1.2.1 Proteins 

Proteins are biological macromolecules made up of amino acids as monomeric units 

(Damodaran, 1996). The protein in cowpea seeds is rich in amino acids, aspartic acid, 

glutamic acid and lysine, but deficient in methionine and cystine, compared to cereal 

Protein matrix 

Starch granule 

 
 
 



 8

grain proteins which are poor in lysine but rich in these sulphur amino acids 

(Prinyawiwatkul et al., 1996). Duranti (2006) reported that legume seeds accumulate 

large amounts of protein during their development. Most of them are devoid of 

metabolic activity and play no structural role in the cotyledonary tissue. They are 

stored in membrane bound organelles, protein bodies or in the cotyledonary 

parenchyma cells.  

 

Table 2.3 Vitamins and mineral content of cowpeas at 12% moisture content 

(Prinyawiwatkul et al., 1996) 

Vitamins mg/100g Minerals mg/100g 
Niacin  
Thiamin  
Riboflavin  
Pyridoxin 
Folacin 
Pantothenic acid  
Ascorbic acid 

2.0 
0.9 
0.2 
0.4 
0.6 
1.5 
1.5 

Calcium 
Copper 
Ion 
Magnesium  
Phosphorus 
Potassium 
Selenium 
Sodium 
Zinc 

110.0 
    0.8 
    8.3 
184.0 
125.0 
110.0 
  84.5 
  16.2 
    3.4 

 

Storage proteins are classified based on their solubility: albumins are soluble in water; 

globulins in dilute salt solutions, prolamins in dilute alcohol and glutelins are soluble 

in dilute acid or alkali solutions (Chan & Phillips, 1994; Shewry, Napier & Tatham, 

1995). The globulin fractions are reported as the major cowpea seed proteins with 

66.6% of the total, followed by albumins with 24.9% (Chan & Philips, 1994). Values 

such as 51% globulins of total proteins and 45% albumins of the total seed proteins 

were also reported by Freitas, Teixeira & Ferreira (2004). Differences in protein 

fractions may be related to the extraction method used (wet or dry basis). Duranti 

(2006) reported that globulins are generally classified as 7S or vicilin and 11S or 

legumins according to their sedimentation coefficients (S). Sathe (2002) reported that 

legumin-type proteins are typically hexameric, nonglycosylated, high molecular 

weight (~ 400 to 500 k) proteins, while vicilin-like proteins are usually trimeric 

glycosylated, ~150 to 180 k molecular weight proteins. 
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groups esterified with methanol (Coultate, 2002). Muralikrishna & Tharanathan 

(1994) characterised pectic polysaccharides from pulse husks and found that cowpea 

pectic substances contain sugar compositions of rhamnose, arabinose, xylose, 

mannose and glucose.  

 

2.1.2.4. Phenolic compounds 

Cowpeas also contain phenolic compounds which are mainly located in the seed coat 

(Bressani & Elias, 1980). Giami (2005) reported significant (p<0.05) differences 

between the values obtained for polyphenol contents of raw and heat-processed 

samples from unpigmented and pigmented cowpeas (Table 2.4).  

 

Table 2.4 Phenolic contents of raw, cooked, raw pigmented and raw 

unpigmented cowpeas adopted from information in Giami (2005) 

Sample Phenolic compounds (mg/g) 

Raw cowpeas 

Cooked cowpeas 

Raw pigmented cowpeas 

Raw unpigmented cowpeas 

0.99 (0.02)-1.96 (0.02) 

0.52 (0.03)-0.78 (0.04) 

1.92-1.96 

0.99 

 

2.2. Microstructural and compositional factors of cowpeas affecting soaking 

characteristics  

Soaking consists of placing seeds in water for imbibition until saturation, prior to 

cooking. Bernal-Lugo, Parra, Portilla, Pena-Valdivia & Moreno (1997) reported that 

during soaking of beans, an enzymic breakdown within or between cell wall polymers 

takes place, initiating the degradation of pectin that lead to softening of the seeds and 

thus, reducing the cooking time (Taiwo, Akanbi & Ajibola, 1997a).  

  

2.2.1 Water absorption and hydration capacity 

It has been observed that structure and composition of the seed coat and cotyledon 

affect water absorption and hydration capacity during soaking (Agbo, Hosfield, 
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Uebersax & Klomparens, 1987) leading to differences in softening of the soaked 

cowpeas. Water absorption is an essential first step towards the seed hydration 

required for initiation of changes that lead to cooked cowpeas (Asiedu, Powell & 

Stuchbery, 2000). This is because the seeds need to absorb water and swell for 

cellular expansion which is important for achieving soft cooked cowpeas.  

 

2.2.1.1 Structure and composition of the seed coat 

The seed coat is the first part of the cowpea seed in direct contact with water during 

soaking or cooking. It is one of the pathways for water to the cotyledon. Several 

structures have been reported as possible sites of entry of water: the hilum, the 

micropyle, the raphe (Swanson, Hughes & Rasmussen (1985) and the seed coat (Sefa-

Dedeh & Stanley, 1979b). However, it is not exactly clear what the major site for 

entry of water into the seed is.  

 

The hilum size as well as the nature and size of the micropyle have been reported to 

influence water absorption during soaking of cowpeas (Sefa-Dedeh & Stanley, 

1979b). High hilum length and open and large opening of the micropyle have been 

reported to promote rapid water absorption during soaking (Sefa-Dedeh & Stanley, 

1979b; Sefa-Dedeh & Stanley, 1979c).  

 

Seed coat thickness has been reported to influence the water absorption during 

soaking (Sefa-Dedeh & Stanley, 1979b; Sefa-Dedeh & Stanley, 1979c). Thick seed 

coat comprises palisade cells (well organised) which are bound together and forming 

a layer that constitute a barrier to rapid water absorption on the first hours of soaking 

(Agbo et al., 1987). The small intercellular spaces of the contracted palisade cell layer 

promote low permeability (Agbo et al., 1987)). A waxy layer on the top side of the 

palisade cell layer was reported to contribute to delayed hydration because of its 

hydrophobic characteristic (Sefa-Dedeh & Stanley, 1979b). Thin seed coats, 

characterised by amorphous cells (disorganised) form a layer that facilitate rapid 

water absorption during the first 6 h of soaking (Sefa-Dedeh & Stanley, 1979c). This 

is due to the structural arrangement of the amorphous cells which is characterised by 

large intercellular spaces (pores) allowing rapid water entry (Agbo et al., 1987). Some 

components such as lipids, cellulose, phenolic compounds, and lignin in the seed coat 
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has been reported to favour low permeability to water in the legume Rhynchosia 

minima (Rangaswamy & Nandakumar, 1985).  

 

2.2.1.2 Structure and composition of the cotyledon 

Differences in the mode of seed coat attachment to the cotyledon have been described 

as affecting water absorption during soaking (Sefa-Dedeh & Stanley, 1979c; Lush & 

Evans, 1980). Olapade, Okafor, Ozumba & Olatunji (2002) postulated that cowpeas 

with a tightly attached seed coat absorbed water slowly during initial soaking while 

cowpeas with moderately attached seed coats showed rapid water absorption during 

initial soaking. However, there is no scientific evidence for this statement. 

 

After entering the seed coat, water is transported to the cotyledon via parenchyma 

cells of the seed coat. Then the water enters the cotyledon through intercellular spaces 

of the epidermis and goes to the storage parenchyma cells of the cotyledon where it 

reaches the water absorbing components e.g. starch, proteins, pectin (Jackson & 

Varriano-Marston, 1981). However, differences in the seed cotyledon structure among 

cowpea types have been reported to affect hydration rate. Sefa-Dedeh & Stanley 

(1979c) suggested that cowpeas with porous cotyledons had higher rates of hydration 

than those with compact cotyledons.  

 

The seed composition (proteins starch, pectin, hemicellulose/cellulose) has been 

reported to influence hydration capacity. Hydration capacity indicates the ability of 

proteins to absorb water and retain it through the formation of hydrogen linkages with 

the polar side chains (Sefa-Dedeh & Stanley, 1979c). Hydrated proteins in cowpeas 

were reported to facilitate the hydration process of the cotyledon cells (Mwangwela, 

2006) since cowpea proteins are mainly composed of globulins (soluble in diluted salt 

solutions) and albumins (soluble in water) (Freitas et al., 2004) they have the ability 

to bind with water. Hydration capacity is an indication of the water holding capacity 

of the seeds. It was reported to range from 1.14 to 1.60 g/g seeds after soaking 

different cowpea types for 24 h at 30±2 oC (Olapade et al., 2002). Proteins also have 

the ability to retain water against gravitational forces within a protein matrix and other 

macromolecules (such as starch, pectic substances) (Sikorski, 1997). This is because 

cowpea proteins exhibit more hydrophilic properties than other macromolecules (e.g. 
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starch, pectic substances) favouring hydration (Horax, Hettiarachchy, Chen & 

Jalaluddin, 2004).  

 

Hydration plays an important role in softening of the cowpeas. For instance, Bernal-

Lugo et al. (1997) found that during soaking pectin which is mainly found in the 

middle lamella starts to degrade via enzymic breakdown contributing to softening of 

the soaked cowpeas.  

 

2.2.1.3 Other factors 

Temperature of soaking water has been reported to increase the rate of water uptake 

and to decrease the time required to attain maximum absorption (Patane, Iacoponi & 

Raccuia (2004). Soaking cowpeas at high temperature (up to 75 oC) started softening 

the seed texture thereby reducing cooking time from four to one hour (Taiwo, Akanbi 

& Ajibola, 1997a).  

 

 2.3 Changes in structural and physicochemical characteristics of cowpeas 

during cooking 

Cowpea seeds are cooked to obtain a soft texture and develop a desirable flavour for 

consumption (Aremu, 1991). These characteristics are the result of some structural 

and compositional changes of the seed during cooking (Taiwo et al., 1997a). The 

cooking properties of grain legumes are dependent on factors such as seed structure 

and composition (Bishnoi & Khetarpaul, 1993).  

 

Tester & Karkalas (1996) reported that during the heating, hydrogen bonds 

responsible for stability of the double helices in crystallites of starch granules are 

broken and hydrogen bonds with water are formed. As a result, the starch granules 

absorb water and swell, increasing its volume. The starch granules lose their 

birefringence contributing to the softening of the cowpea seeds (Tester & Karkalas, 

1996). Due to their more hydrophilic characteristic, proteins have been reported to be 

the main water absorption components (Sefa-Dedeh & Stanley, 1979c) helping the 

hydration process of the cotyledon cells. Akinyele Onigbinde, Hussain & Omololu 

(1986) found that the cooking time of cowpea seeds increased with an increase in 
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protein content. Protein denaturation, the change in its molecular structure, also 

contributes to softening of the cowpea seeds in the cooking process. Poor hydration of 

the seeds may result in incomplete cellular expansion and separation of the cells and 

in limited starch gelatinisation resulting in grainy mouth feel (Mwangwela, 2006).  

 

Cooking time is one of the major criteria involved in the evaluation of pulse quality 

(Proctor & Watts, 1987) and thus, it is considered a critical limitation to consumption 

of whole cowpeas as food (Giami, 2005). Cooking brings about numerous changes in 

physical characteristics and chemical composition of food legumes (Rehinan, Rashid 

& Shah, 2003). The main changes taking place during cooking cowpeas to attain a 

soft texture are as follows. As the seeds absorb water they hydrate during cooking, the 

glycosidic bonds linking middle lamellae pectin polymers break down (Golonka, 

Drizek & Klusa, 2002) thereby softening the seeds. The cells expand and separate, 

starch gelatinises and protein denatures. These two processes are reported to play an 

important role in the cooking process (Golonka et al., 2002). Gelatinisation of cowpea 

starch has been reported as the main structural and physicochemical change in the 

cotyledon cells contributing to softening of cowpea seeds (Sefa-Dedeh, Stanley & 

Voisey, 1979).  

 

Cooking time has been defined as the time necessary for cowpeas to reach a soft 

cooked texture acceptable to consumers. Cooking time has been reported to vary from 

31 to 160 minutes (Akinyele et al., 1986). Demooy & Demooy (1990), found a range 

of cooking times of 36 to 56 min. Cooking time has been reported to significantly 

reduce when cowpeas are dehulled prior to cooking, from 62 to 24 min (Jackson & 

Varriano-Marston, 1981) probably because the seed coat water absorption barrier has 

been removed encouraging relatively faster water absorption and consequently 

resulting in short cooking times.  

 

2.3.1 Changes in sensory characteristics of cowpeas during cooking 

 
2.3.1.1 Splitting  

Splits are described as all seeds with cracks greater than 1/5 of the small 

circumference of the seeds (Taiwo et al., 1997a). Splitting is generally considered to 
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be an undesirable characteristic for consumers (Afoakwa, Yenyi & Sakyi-Dawson, 

2006). Depending on the cultivar, seeds may split transversally below the hilum 

maintaining the two cotyledons in two portions. Each piece of the split has a piece of 

the two cotyledons held together by a portion of the seed coat. Splitting may also 

occur at the ends in a longitudinal manner (Taiwo et al., 1997a). Percentage of 

splitting of cowpea seeds has been reported to range from 63 to 92% (Taiwo et al., 

1997a) and from 41 to 92% and to be strongly influenced by differences in seed 

variety in terms of physicochemical characteristics (Taiwo, Akanbi & Ajibola, 1998). 

Splitting during cooking may be due to compactness of the seed cotyledon that does 

not facilitate easy water entry and heat transfer. Heat and vapour pressure during 

cooking force the compact structural arrangement of some cowpeas to split up.  

 

Occasionally, the cotyledon may disintegrate in the cooking water resulting in empty 

pieces of seed coat (Taiwo et al., 1997a) or the seed coat may split separating from 

the cotyledon. Splitting of the seeds has been reported to be also affected by calcium 

content of the cowpea seed and starch gelatinisation. Low levels of calcium favour 

pectin solubilisation increasing softening of the seeds which may lead to splitting (Lu, 

Chang, Grafton & Schwarz, 1996).  

 

High water absorption of cowpea seeds during cooking has been associated with 

increased splitting (Taiwo et al., 1998; Mwangwela, 2006). Splitting of cowpea seeds 

depends upon variety, pre-treatment such as soaking, and water absorption, and has 

shown to increase with cooking time. A positive correlation between drained weight, 

texture (penetration depth) and splitting tendency has been observed (Taiwo et al., 

1998).  

 

2.3.1.2 Texture  

Texture has been described as the sensory and functional manifestation of the 

structural, mechanical and surface properties of foods detected through the senses of 

vision, hearing, touch and kinesthetics (Szczesniak, 2002).  The texture of cooked 

cowpeas is an important quality characteristic. Soft texture seems to be more 

preferred by consumers (Proctor & Watts, 1987). Textural characteristics of legumes 

may be dependent upon both microstructure and chemical and/or physicochemical 
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2.3.1.3. Flavour  

Flavour is described as an overall integrated perception of all the contributing senses 

that include, smell, taste, sight, feeling and sound during eating (Lawless & Lee, 

1993). Taste and aroma are components of flavour perceived during eating food, 

through the mouth and the nose respectively. Flavour is considered as one of the most 

important attributes determining food acceptability by consumers (Guichard, 2002). 

Aroma is considered as a key factor for the acceptance of food by consumer (Buetner 

& Schieberle, 2000).  

 

There is no available information for cowpeas regarding their sensory characteristics. 

Relating consumer preferences to physicochemical properties of dry beans (Phaseolus 

vulgaris L), Mkanda (2007) found that consumers had higher preference for some 

bean varieties because of their sweet, soft and cooked bean flavour compared to the 

varieties that were described as having bitter taste. 

 

When beans were grown in different locations, some varieties revealed differences in 

flavour of cooked beans which demonstrated to influence consumer preferences 

(Mkanda, 2007). 

 

Food matrix components that affect flavour in cooked legumes have been considered 

to be the major components which interact with flavour compounds and they include 

proteins, lipids, and phenolic acids (Van Ruth, Dings, Buhr & Posthumus, 2004).  

 

Proteins generally bind with flavour compounds. This binding may influence the 

flavour of a food. For example, proteins are known to bind with phenolic compounds 

forming complexes that may influence the flavour of cooked cowpeas. Heng, Van 

Koningsveld, Gruppen, Van Boekel, Vincken, Roozen & Voragen, (2004) reported 

that proteins bind with flavour compounds such as saponins contributing to bitterness 

in food. Mkanda (2007) postulated that saponins encountered in some bean varieties 

influenced the flavour of cooked beans. However, information regarding influence of 

seed coat and cotyledon structure on flavour of cooked cowpeas is not available. 
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2.4 Gaps in knowledge  

Cowpeas with thin seed coats have been reported to favour rapid water absorption 

during soaking (Sefa-Dedeh & Stanley, 1979c; Agbo et al., 1987). Differences in seed 

coat thickness may therefore lead to differences in  water absorption characteristics 

(Sefa-Dedeh et al., 1978), cooking time and sensory characteristics (texture and 

appearance (splitting) of cooked cowpeas) (Taiwo et al., 1997a) of cowpeas. 

However, there is limited information on the influence of the seed coat thickness and 

cotyledon compactness on cooking and sensory characteristics as well as consumer 

preferences of cooked cowpeas.    

 

Textural characteristics of legumes may be dependent upon both microstructure and 

chemical and/or physicochemical changes of the seed samples occurring during 

cooking (Sefa-Dedeh & Stanley, 1979b; Bernal-Lugo et al., 1997). However, there is 

limited information on what consumers regard to be important factors for cowpea 

preference. Specific contribution of seed coat and cotyledon structure on cooking and 

sensory characteristics as well as consumer preferences is lacking. Additionally, there 

are no conducted studies regarding descriptive sensory characteristics and consumer 

preference in relation to cowpeas with different seed coat and cotyledon structures.  

 

2.5 Hypotheses 

 

1. Thick seed coat palisade cell layers may create a barrier to rapid water absorption 

during soaking (Sefa-Dedeh & Stanley, 1979c) and cooking because of lower water 

permeability compared to thin seed coat amorphous cell layers. This will lead to 

incomplete starch gelatinisation/pasting, resulting in a relatively hard texture 

(firmness) of cooked cowpeas.  

 

2. Thick seed coat and compact cotyledons will be more prone to splitting because its 

intercellular spaces are smaller and therefore they will absorb less water during 

soaking and cooking compared to thin seed coat and porous cotyledon. The limited 

cellular expansion plus vapour pressure will lead to splitting of the cowpeas.  
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3. Thick seed coat cooked cowpeas with hard texture will be found to be less 

acceptable by consumers because texture is an important cooking quality as soft 

texture seems to be more preferred by consumers (Proctor & Watts, 1987). Thick seed 

coat/compact cotyledon cowpeas with high percentage of splitting will have low 

acceptance because splitting is generally considered to be an undesirable 

characteristic for consumers (Afoakwa et al., 2006).  

 

2.6 Objectives 

 
The overall objective of this study is to determine the influence of seed coat and 

cotyledon structure of cowpeas on cooking and sensory characteristics as well as 

consumer preference.  

The specific objectives are: 

a) To characterise different cowpea types in terms of seed coat thickness and 

cotyledon compactness;  

b) To determine the influence of seed coat thickness and cotyledon compactness 

on cooking characteristics such as cooking time, water absorption, percentage 

of splitting during cooking and the texture of cooked cowpeas  

c) To determine the influence of seed coat thickness and cotyledon compactness 

of cowpeas on sensory characteristics and consumer preferences of cooked 

cowpeas.  
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3. RESEARCH  
 
 
The research work comprised three sections. The first section characterised ten 

cowpea types in terms of seed coat thickness and cotyledon compactness as well as 

selected physicochemical characteristics (i.e. seed coat thickness, seed size, pH, 

moisture content, bulk density and cooking time). The second section evaluated the 

role of seed coat and cotyledon structure on cooking characteristics (i.e. water 

absorption during soaking and cooking, cooking time, splitting during cooking and 

texture of cooked cowpeas) of four selected cowpea types [thick seed coat/compact 

cotyledon (Bechuana White), thick seed coat/porous cotyledon (IT82E 18), thin seed 

coat/compact cotyledon (Black Eye) and thin seed coat/porous cotyledon (California 

Black)]. The third section focused on the role of seed coat thickness and cotyledon 

compactness on sensory characteristics (appearance, aroma, taste and texture) and 

consumer preferences. 
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3.1. Characterisation of cowpea types regarding seed coat and cotyledon 
structure and physicochemical characteristics  

 

3.1.1 Abstract 

Ten cowpea (Vigna unguiculata L Walp) types were characterised in order to select 

four cowpea types representing different combinations of seed coat thickness and 

cotyledon compactness. The characterisation was based on the seed coat and 

cotyledon structure as determined by Scanning Electron Microscopy (SEM) and bulk 

density (to confirm cotyledon compactness) of the seeds as well as some 

physicochemical characteristics (seed size, moisture content, pH and cooking time). 

The characterisation of the ten cowpea types resulted in grouping the cowpea types as 

follows: (i) Thin seed coat/porous cotyledon (27 Climber and California Black); (ii) 

Thin seed coat/compact cotyledon (Black Eye and 8 Dwarf); (iii) Thick seed 

coat/porous cotyledon (223/1 Climber, IT82e 18 and IT82E 16); and (iv) Thick seed 

coat/compact cotyledon (Bechuana White, INIA 36 and 418 Warf). Bechuana White, 

Black Eye, California Black and IT82E 18 were selected for further research work 

based on the availability of raw material and physicochemical characteristics (i.e. 

cooking time).  

 

3.1.2 Introduction 

Cowpea varieties differ in microstructure in terms of seed coat thickness and 

cotyledon compactness. De Sousa & Marcos-Filho (2001) reported that cowpea seed 

coats may be thick comprising well organized palisade cell layer. Palisade cell layer 

in the seed coats has thickness ranging from 43 to 59 µm (Sefa-Dedeh & Stanley, 

1979c). Alternatively, the seed coats may be thin containing amorphous cell layer 

(Sefa-Dedeh & Stanley 1979b; Agbo et al., 1987). These amorphous cell layers are 

loosely packed cells where distinct palisade cells cannot be identified. The thickness 

of amorphous cell layers range from 5.8 to 9.9 µm (Sefa-Dedeh & Stanley, 1979c). 

The present research chapter aims to characterise ten cowpea types in terms of 

physicochemical qualities in order to select four cowpea types for further research 

work.  
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3.1.3 Material and methods 

 

3.1.3.1 Cowpea samples  

The set of ten cowpea types initially used as raw material comprised: 27 Climber, 

223/1 Climber, 8 Dwarf and 418 Dwarf from Malawi (Lilongwe, Bunda College); 

INIA 36, IT82E 16 and IT82E 18 from Mozambique (Chókwè Agricultural Research 

Station); California Black from USA; Bechuana White and Black Eye from South 

Africa. Samples were received, cleaned to remove chaffs, packed in plastic containers 

and then stored in a cold room at 4 oC. 

 

3.1.3.2 Seed coat and cotyledon structure: Scanning Electron Microscopy 

Seed coat and cotyledon structures of the cowpea samples were examined using 

Scanning Electron Microscopy (SEM) model JSM-840® JEOL (Tokyo, Japan). The 

samples were sliced with a razor blade cutting the seeds transversally and mounted on 

specimen stubs and coated with a 30 nm thick layer of gold using a Sputter coater, 

model Polaron E5200C® (Watford, England). Seed coat thickness of the micrograph 

was measured with Image Tool Software Version 7.0. 

 

3.1.3.3. Bulk density 

Bulk density was determined according to the method of Fasina, Tyler, Pickard & 

Zheng (1999) with modifications. Cowpea seeds were placed in a metal funnel and 

allowed to flow from 15.5 cm height into a 60 ml metal cup. Without pressing, the 

seeds were levelled with a metal scraper and then weighed. The bulk density was then 

calculated as the ratio of the weight of the sample in the metal cup to the volume of the 

cup and expressed as g per cm3 in dry basis. 

 

3.1.3.4 Moisture content 

Moisture content was determined according to the method described by AACC 

(1995). Whole cowpeas were milled using a Falling Number Mill 3100® (Falling 

Number, Huddinge, Sweden). Moisture tins were dried in an oven at 103 ºC for one 

hour and cooled in desiccators for about 10 min. The dried and cooled tins were 

weighed, and then about 5 g of flour samples of each cowpea type were weighed into 
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the tins. The samples were covered with foil and oven dried for four hours at 103 ºC 

(±2 ºC). After cooling in desiccators the samples were weighed and the moisture 

content was calculated as the ratio of weight of the sample before drying to the weight 

of the sample after drying. 

 

 3.1.3.5 pH 

The pH of the cowpeas was calculated as described by Liu, Phillips, Hung, Shewfelt 

& McWatters (1992) using a pH meter. About 5 g of cowpea flour was mixed with 

100 ml of deionised water and stirred for 45 min at ambient temperature. The pH 

value of the mixture was recorded as cowpea tissue pH.  

 

3.1.3.6 Seed size 

The size of cowpea seeds was determined as the weight of 100 seeds and expressed as 

grams per 100 seeds. 

 
3.1.3.7 Cooking time 

The cooking time was determined using a modified method by Jackson & Varriano-

Marston (1981) with a Mattson cooking device (Mattson, 1946). The apparatus 

(Figure 3.1.1) has a cooking rack (Mattson cooker) with 25 rods (49.8 g each) and 25 

cylindrical holes (9 mm diameter) where seeds were placed. The piercing tip of each 

rod was placed in contact with the surface of the seed. The Mattson cooker was then 

placed into a stainless steel pot containing about 1500 ml of boiling deionised water. 

When a cowpea seed was sufficiently tender, the piercing tip penetrated the cooked 

seed and the rods dropped through the hole in the saddle (Jackson & Varriano- 

Marston, 1981). The cooking time was recorded when 20 rods (80%) had fallen 

through the cooked seeds. 

 

3.1.3.8 Statistical analysis 

The experiment was repeated three times. All physicochemical analyses were done in 

duplicate. ANOVA was performed using Statistica version 7.0 (Stat Soft Inc, Tulsa, 

USA). Means were compared using Fisher’s Least Significant Difference (LSD) at 5% 

significance level. 
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Figure 3.1.1 Mattson cooker with rods, cylindrical holes with seeds  

 

3.1.4 Results and discussion 

The SEM of a cross section of seeds of ten cowpea types showed variation in seed 

coat and cotyledon cell structural arrangement (Figures 3.1.2 to 3.1.11).  

 
Cowpea types IT82E 18, INIA 36, Bechuana White, IT82E 16, 418 Dwarf and 223/1 

Climber showed seed coats with palisade cell layers comprising well organized 
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thinner seed coats were relatively larger in size as compared to cowpeas with thicker 

seed coats. Cowpea type Black Eye which had the thickest seed coat value was the 

smallest in size.  

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1.2 Scanning Electron Microscopy (SEM) of the seed cross section of 

California black cowpea type: a- Amorphous cell layer in the seed 

coat and b- many intercellular spaces in the cotyledon (Cowpea type: 

Thin seed coat / Porous cotyledon) 
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Figure 3.1.3 Scanning Electron Microscopy (SEM) of the seed cross section of 

IT82E 18 cowpea type: a- well organised palisade cell layer in the 

seed coat and b- many intercellular spaces in the cotyledon  

(Cowpea type: Thick seed coat/Porous cotyledon)  
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Figure 3.1.4 Scanning Electron Microscopy (SEM) of the seed cross section of 

INIA 36 cowpea type: a- well organised palisade cell layer in the seed 

coat and b- few intercellular spaces in the cotyledon (Cowpea type: 

Thick seed coat/Compact cotyledon) 
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Figure 3.1.5 Scanning Electron Microscopy (SEM) of the seed cross section of 

Bechuana White cowpea type: a- well organised palisade cell layer 

in the seed coat and b- few intercellular spaces in the cotyledon 

(Cowpea type: Thick seed coat/Compact cotyledon) 
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Figure 3.1.6 Scanning Electron Microscopy (SEM) of the seed cross section of 27 

Climber cowpea type: a- Amorphous cell layer in the seed coat and 

b- many intercellular spaces in the cotyledon (Cowpea type: Thin 

seed coat/Porous cotyledon) 
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Figure 3.1.7 Scanning Electron Microscopy (SEM) of the seed cross section of 

IT82E 16 cowpea type: a- well organised palisade cell layer in the 

seed coat and b- many intercellular spaces in the cotyledon (Cowpea 

type: Thick seed coat/Porous cotyledon) 
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Figure 3.1.8 Scanning Electron Microscopy (SEM) of the seed cross section of 

418 Dwarf cowpea type: a- well organised palisade cell layer in the 

seed coat and b- few intercellular spaces in the cotyledon (Cowpea 

type: Thick seed coat/Compact cotyledon) 

 

 

 

 

 

b

a

Seed coat 

Cotyledon 

Cotyledon 

b 

 
 
 



 32

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1.9 Scanning Electron Microscopy (SEM) of the seed cross section of 

Black Eye cowpea type: a- Amorphous cell layer in the seed coat 

and b- few intercellular spaces in the cotyledon (Cowpea type: Thin 

seed coat/compact cotyledon) 
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