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Abstract 

The knowledge of the varietal diversity of a species is essential in various programs for its genetic improvement. This study 

aimed to determine the nutritional composition of the seeds of cowpea accessions from Peleforo GON COULIBALY 

University’s gene bank in Korhogo. Study was conducted based on eight (8) nutritional parameters: protein, moisture and ash 

content, carbohydrates, lipids, reducing sugars, dry matter, and energy value. Results showed that different parameters assessed 

were stable within an accession, as indicated by the low coefficients of variation recorded. Additionally, seeds of the accessions 

from Peleforo GON COULIBALY University’s seed bank are rich in proteins, with values ranging from 22.52% to 33.07%, and 

in carbohydrates, with values between 38.72% and 52.73%. The lowest contents were found for reducing sugars (between 0.59% 

and 14.54%) and ash (between 3.17% and 5.35%). Multivariate analyses allowed for the classification of the accessions into 

three (3) nutritional groups. These groups were distinguished by their energy value and lipid content. Group 1, which contains 11 

accessions, is characterized by a high energy value (392.93 kcal) and a high lipid content (12.08%). Group 2, with 4 accessions, 

has a low energy value (363.69 kcal) and a medium lipid content (9.80%). Group 3 includes 17 accessions with an average energy 

value (370.41 kcal) and a low lipid content (8.18%). Group 1 genotypes should benefit from a cowpea improvement programme. 
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1. Introduction 

Cowpea (Vigna unguiculata (L.) Walp) is one of the main 

food and forage legumes in African, from where it originates. It 

is primarily cultivated in tropical regions, particularly in 

southern Sahara areas [1]. It constitutes the most important 

legume in the tropical regions of Africa [2]. Its cultivation plays 

a crucial role in nutritional balance and rural economy. It is 

characterized by its high protein content. Nutritionally, due to 

its composition of essential amino acids, it holds a prominent 

place as it provides significant source of protein and energy for 

both humans and animals in developing countries, where ac-

cess to animal-derived proteins is limited [3]. Its protein content 

ranges from 22% to 30% of the dry weight of seeds and leaves, 

and from 13% to 17% in the pods [4]. Due to its protein rich-

ness, Vigna unguiculata (L.) Walp has been called the “meat” 

of the poor. It has the potential to address the significant protein 

deficiencies recorded in developing countries, where food 
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shortages remain a major contemporary issue [5]. 

In Côte d’Ivoire, despite its importance, cowpea remains a 

marginal crop, with production around 36,310 tons per year, 

representing less than 2% of Africa’s production [5]. Further-

more, the agromorphological and nutritional characteristics of 

local cowpea ecotypes are largely unknown. However, research 

conducted by Assouman et al. (2021, 2024) [6, 7] in northern 

Côte d’Ivoire has led to the establishment of a seed bank of 

purified cowpea genotypes at Peleforo GON COULIBALY 

University. Nevertheless, the biochemical characteristics of the 

accessions from this seed bank are not yet known. This study 

therefore aims to describe the nutritional characteristics of 

seeds of 32 cowpea genotypes from this bank. 

2. Materials and Methods 

2.1. Plant Material 

The plant material consisted of seeds from 32 purified 

cowpea accessions from the Peleforo GON COULIBALY 

University’s seed bank established through Assouman et al. 

(2021) [6]. These accessions were collected in several grow-

ing areas in the north of Côte d'Ivoire. 

2.2. Assessment of the Nutritional 

Characteristics of Collected Cowpea Seeds 

Eight biochemical and nutritional variables were measured. 

These were: water content (WC), lipid content (Lip), reducing 

sugars (RS), protein content (PC), ash content (AC), total 

carbohydrate content (Glu), dry matter content (DM) and 

energy value (EV). 

2.3. Determination of Dry Matter and Lipid 

Content of Seeds 

The water content and dry matter of the seeds were deter-

mined using AOAC method 925.40 (1997) [8, 9]. This con-

sists of drying 100 seeds in an oven at 105°C for 4 hours until 

a constant weight is obtained. Calculations were then made 

using the following formulae: 

𝐷𝑀(%) =
𝑚2−𝑚0

𝑚1−𝑚0
 𝑋 100             (1) 

𝑊𝐶(%) =
𝑚1−𝑚2

𝑚0
𝑋 100             (2) 

DM: Dry matter expressed as a percentage, WC: water 

content expressed as a percentage, m1: mass of the filled 

capsule before drying (g), m2: mass of the filled capsule after 

drying (g) and m0: mass of the test sample (g). 

2.4. Determination of Lipid Content in Seeds 

The lipid was extracted from the seeds using the classic 

soxhlet method in accordance with the modified ISO/659 stand-

ard, known as the giant soxhlet. The test sample (TS) or 100g of 

ground seeds wrapped in cotton was placed in a stapled filter 

paper that had been previously weighed. Let M1 be the mass of 

the entire assembly (filter paper + test sample + cotton) before 

extraction. The filter paper containing the seeds was placed in 

the extractor, at the bottom of which is attached an extraction 

flask. The flask was placed on a heating mantle at 110°C to 

collect the extracted oil or lipid fraction. Then, 250 ml of hexane, 

the oil extraction solvent, were poured into the extractor. The 

extraction lasted for 8 hours, after which the stapled paper was 

placed in an oven at 70°C for complete solvent evaporation. The 

filter paper containing the defatted seeds was weighed until a 

constant mass was achieved (M2). The lipid content (Lip) is 

obtained using the following formula: 

𝐿𝑖𝑝 (%) =
(M1−M2)

𝑇𝑆
x 100              (3) 

M1: mass of the assembly (stapled filters + seed + cotton) 

before extraction, M2: mass of the set (stapled filters + seed + 

cotton) after extraction, TS: test sample (100g of flour); Lip: 

Lipid; %: percentage. 

2.5. Determination of Reducing Sugars 

Reducing sugars were quantified using the Bernfeld (1955) 

method [10] with 3,5-dinitrosalicylic acid (DNS). This 

method involves determining the concentrations of reducing 

sugars from 0.5g of the sample after extraction and purifica-

tion, based on a standard curve plotted against the concentra-

tion and optical density of glucose solutions of known con-

centrations. A THERMO SCIENTIFIC Helios Omega 

UV-VIS spectrophotometer (USA) was used to determine the 

optical densities at 546 nm of the unknown concentration 

sugar solutions. These optical densities, referenced against the 

standard curve, allow for the determination of the concentra-

tion of reducing sugars in the samples. 

2.6. Determination of Protein Content in Seeds 

Protein content of the seeds was determined using the 

KJELDAHL method. The KJELDAHL method involves first 

measuring the total nitrogen of the sample and then estimating 

the protein content. This method consists of three phases: 

mineralization, distillation, and titration with sodium hy-

droxide (0.1 N). After estimating the total nitrogen, the pro-

tein content was calculated using the formula: 

Protein = (g / 100g of meal) = Nitrogen x 6.25    (4) 

2.7. Determination of Ash Content in Seeds 

Ash Content of seeds was quantified according to AOAC 

(2000) [11]. In this method, the determination was performed 

by mineralizing a 5g sample (P0) at 550°C for 6 hours in a 
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muffle furnace (NABERTERM, Gmbh LT9/11/B180, Ger-

many) until all organic matter in the sample was destroyed. 

The weight (P1) of ash obtained after cooling in a desiccator 

allows for the determination of ash content using the follow-

ing formula: 

Ash (%) =
(𝑃0−𝑃1) 𝑥 100

P0
           (5) 

P0 = mass of the sample, P1 = mass of ash obtained 

2.8. Determination of Total Carbohydrate 

Content of Seeds 

Total carbohydrate and starch content were determined 

using the formulas described by Bertrand and Thomas (1910) 

[12]: 

Total carbohydrates (%) =  100 − (𝐴𝑠ℎ + 𝑤𝑎𝑡𝑒𝑟 +

 𝑝𝑟𝑜𝑡𝑒𝑖𝑛𝑠 + 𝑓𝑎𝑡𝑠)               (6) 

2.9. Estimation of Energy Value 

The energy value was determined by calculation, according 

to the formula by Coleman (1970) [13], using the Atwater and 

Rosa (1899) [14] coefficients as follows: 

Energy Value (kcal/100 g) = [(% Glucid × 4) + (% proteins × 4) 

+ (% Lipid × 9)]                 (7) 

3. Statistical Analysis of Data 

The variability of biochemical traits was assessed through 

descriptive statistical parameters such as mean, standard de-

viation, coefficient of variation (CV), and range. To structure 

the cowpea accessions, a Principal Component Analysis 

(PCA) was performed using the Statistical Package for the 

Social Sciences (SPSS) version 22.0 (IBM Corp., USA) to 

identify the nutritional parameters that contribute to the dis-

persion of the cowpea accessions. Pearson correlations among 

agromorphological traits were revealed by a diagram using 

rapid and semi-automated biostatistical calculations in a 

simple programming language with R software. 

This analysis was followed by Hierarchical Ascending 

Classification (HAC) using XLSTAT version 2016 to group 

the studied accessions based on their degree of similarity 

using Ward’s aggregation criteria. Finally, Mahalanobis dis-

tances between groups were calculated from a Discriminant 

Factor Analysis (DFA) conducted using STATISTICA ver-

sion 7.1 (Statsoft, France). 

4. Results 

4.1. Variability of Nutritional Traits in Cowpea 

Accessions 

The mean, minimum, maximum values, and coefficient of 

variation of the biochemical variables are summarized in 

Table 1. The variability expressed by the coefficient of vari-

ation was mostly low (CV < 20%). Some parameters had 

coefficients of variation (CV) greater than 15%, notably lipid 

content (22.12%) and reducing sugars (55.09%). Significant 

differences were observed between the minimum and maxi-

mum for protein (PC), carbohydrates (Glu), and reducing 

sugars (RS). The protein content of the seeds ranged from 

22.52% to 33.07%, with a mean value of 25.20 ± 2.06%. 

Carbohydrates had a mean value of 47.25 ± 3.36%, varying 

between 38.683% and 52.91%. The lowest values were ob-

tained for reducing sugars (between 0.59% and 14.54%) and 

ash (between 3.17% and 5.35%). All assessed traits signifi-

cantly differentiated the accessions (p < 0.001). 

Table 1. Elementary statistics for nutritional characteristics of cowpea accessions. 

Parameters Minimum Maximum Mean Standard deviation C V (%) 

Prot (%) 22.52 33.07 25.31 2.16 8.53 

Lip (%) 6.19 13.95 9.72 2.15 22.12 

Glu (%) 38.72 52.73 47.14 3.49 7.40 

Ash (%) 3.17 5.35 3.92 0.44 11.12 

ReSu (%) 0.59 14.54 5.91 3.26 55.08 

DM (%) 78.83 88.31 86.10 1.76 2.04 

WC (%) 11.70 21.17 13.90 1.76 12.63 

EV (kcal) 351.30 408.93 377.31 14.21 3.77 

Prot: protein; Lip: fat; Glu: carbohydrate; Ash: ash; ReSu: reducing sugar; DM: dry matter; WC: water content; EV: energy value; %: per-

centage. 
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4.2. Identified Variability Factors Within 

Cowpea Accessions 

A Principal Component Analysis (PCA) was conducted to 

identify the factors explaining variability among the cowpea 

accessions. Table 2 provides an estimate of the variability 

represented by each axis. Three axes with eigenvalues greater 

than 1 were retained. These three axes explain 81.44% of the 

variance present among the cowpea accessions. 

The first axis describes 37.67% of the total variability. This 

axis was positively correlated with energy value (EV) and dry 

matter (DM). Moisture content was negatively correlated with 

this axis. Therefore, axis 1 reflects the energy value and dry 

matter of the seeds. The second axis explained 31.05% of the 

total variability. It was positively correlated with lipid (Lip) 

and protein (Prot) content and negatively correlated with 

carbohydrate content. This axis reflects the content of mac-

romolecules (carbohydrates, lipids, and proteins). The third 

axis explained 12.71% of the total variability and defines the 

ash content (Ash). 

Table 2. Eigenvalues and percentage variation expressed by the first four PCA axes. 

Axis Eigenvalue Cumulative equity value % Variance totale Cumulative Var. (%) 

1 3.01 3.01 37.67 37.67 

2 2.48 5.49 31.05 68.72 

3 1.01 6.50 12.71 81.43 

Correlations factors x characteristics 

Caractères Axe 1 Axe 2 Axe 3  

DM 0.966 -0.162 0.004  

WC -0.966 0.162 -0.004  

EV 0.815 0.524 -0.014  

Glu 0.141 -0.957 0.007  

Lip 0.46 0.782 0.133  

Prot 0.081 0.701 -0.335  

ReSu -0.211 0.599 -0.038  

Ash 0.014 -0.07 0.959  

Prot: protein; Lip: fat; Glu: carbohydrate; Ash: ash; ReSu: reducing sugar; DM: dry matter; MW: water content; EV: energy value; %: per-

centage. Figures in bold show that the correlation of the variable on the factorial axis is greater than 0.7. 

4.3. Relationships Among Nutritional 

Parameters of Cowpea Seeds 

The analysis of the diagram showing Pearson correlation 

among the nutritional parameters revealed two groups of traits: 

(i) Energy Value (EV), Lipid (Lip), and dry matter (DM), and 

(ii) Glucid content (Glu), ash, reducing sugars, and proteins 

(Figure 1). 

The correlation matrix analysis showed strong and signif-

icant links between several pairs of biochemical parameters 

(Table 3). Accessions with high energy values exhibited high 

lipid content (r = 0.88; p < 0.001), high dry matter (r = 0.66; p 

< 0.001), and low carbohydrate levels in the seeds (r = -0.37; p 

= 0.040). Furthermore, accessions with high carbohydrate 

content in the seeds displayed low protein content (r = -0.73; p 

< 0.001) and low lipid content (r = -0.66; p < 0.001). 

4.4. Structuring of Accessions Collected From 

Nutritional Parameters 

A Hierarchical Ascending Classification (HAC), an Anal-

ysis of Variance (ANOVA) on the identified groups, and a 

Discriminant Factor Analysis (DFA) were conducted to 

identify and determine the nature and degree of divergence 

among the cowpea accessions from Peleforo GON COU-

LIBALY University (UPGC) collection. 

Dendrogram constructed from biochemical parameters’ 

studied allowed for the distribution of accessions into three 

morphological groups at a truncation of 30 Euclidean dis-

tances (Figure 2). 

Group 1 consists of accessions NFE011, NOU02, NTE03, 
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NSI01, NKO08, NTE012, NKO03, NOU05, NTE02, NBO04, 

and NTE015, representing 34.38% of the accessions. Group 2 is 

made up of 12.5% of the accessions: NKN02, NKO01, NBO013, 

and NSI02. Group 3 comprises 65.63% of the cowpea accessions 

(NBO014, NTE014, NOU011, NTE011, NKO011, NBO011, 

NOU06, NOU03, NFE02, NOU013, NOU04, NKN01, 

NBO012, NFE012, NTE013, NBO02, and NKO02). The dif-

ferent identified biochemical groups include accessions from 

various origins (administrative regions or departments). 

The variance analysis conducted to differentiate the three 

previously identified morphological groups from the HAC 

revealed that energy value (EV) and lipid content (Lip) fully 

discriminate the groups, while carbohydrate content (Glu), 

dry matter (DM), and moisture content (MC) allowed for 

partial discrimination of the groups (Table 4). 

 
Figure 1. Pearson correlation diagram between biochemical and 

nutritional parameters. 

Table 3. Matrix of correlations between biochemical parameters used to assess diversity of accessions. 

Variables Prot Lip Glu Ash ReSu DM WC EV 

Prot  0.128 ˂0.001 0.310 0.217 0.742 0.742 0.150 

Lip 0.275  < 0.001 0.896 0.090 0.182 0.182 < 0.001 

Glu -0.73* -0.66*  0.825 0.016 0.099 0.099 0.040 

Ash -0.19 -0.02 0.041  0.555 0.693 0.693 0.569 

ReSu 0.22 0.30 -0.42 -0.108  0.217 0.217 0.460 

DM 0.06 0.24 0.30 0.07 -0.224  < 0.001 < 0.001 

WC -0.06 -0.24 -0.30 -0.07 0.22 -1.000  < 0.001 

EV 0.26 0.88* -0.37* -0.10 0.14 0.66** -0.66**  

Prot: protein; MG: fat; Glu: carbohydrate; Cend: ash; SucRed: reducing sugar; DM: dry matter; WC: water content; EV: energy value. Values in 

bold indicate significant correlations at the alpha = 0.05 and 0.01 level. 

Values in bold with (*) indicate significant correlations at the alpha = 0.01 level. 

 
Figure 2. Structuring of collected cowpea accessions using a hierarchical ascending classification (HAC) based on biochemical and nutri-

tional characteristics. 
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Table 4. Comparison of the means of nutritive traits in three groups of cowpea accessions identified from CAH. 

Group Prot (%) Lip (%) Glu (%) Ash (%) ReSu (%) DM (%) WC (%) EV (kcal/100g) 

G1 26.55±3.1 12.08±1.3a 44.49±2.8b 3.97±0.59 6.89±3.56 87.09±1.01a 12.91±1.01b 392.93±10.43a 

G2 25.18±0.67 9.80±0.59b 43.68±2.22b 3.91±0.23 9.03±3.74 82.58±1.78b 17.42±1.78a 363.69±2.81c 

G3 24.54±0.96 8.18±1.19c 49.66±1.71a 3.90±0.35 7.55±2.23 86.28±0.79a 13.72±0.79b 370.41±3.85b 

F 3.48 36.37 24.16 0.07 4.73 29.74 29.74 31.64 

P 0.54 ˂0.001 ˂0.001 0.94 0.06 ˂0.001 ˂0.001 ˂0.001 

Prot: protein; MG: fat; Glu: carbohydrate; Ash: ash; ReSu: reducing sugar; DM: dry matter; WC: water content; VE: energy value. ANOVA 

significance level 5% (p=0.05). 

Means followed by the same letter in the same column are equal according to the Newman-Keuls test with a threshold of 5%. 

4.5. Typology of Cowpea Accessions Collected 

by Discriminant Factor Analysis Based on 

Biochemical and Nutritional Parameters 

The Discriminant Factor Analysis (DFA), significant ac-

cording to Wilks’ Lambda test (F = 30.283; p < 0.001), re-

vealed that two main traits allow for the discrimination of the 

groups established from the Hierarchical Ascending Classi-

fication (HAC). These are the Energy Value (EV) and fat 

content (Lip) (Table 5). Graphical representation of the ca-

nonical discriminant analysis of the accessions in the 1-2 

plane of the DFA (Figure 3) indicates that the three obtained 

groups are not distinctly separate: 

 
Figure 3. Representation of the different groups in the canonical discriminant plane formed by the canonical components 1 and 2 of the DFA. 

Group 1 consists of accessions NFE011, NOU02, NTE03, 

NSI01, NKO08, NTE012, NKO03, NOU05, NTE02, NBO04, 

and NTE015. This group is characterized by high energy 

value (EV = 392.93 ± 10.43 kcal) and high lipid content (Lip 

= 12.08 ± 1.3%). 

Group 2 contains accessions NKN02, NKO01, NBO013, 

and NSI02. These individuals exhibit low energy value (EV = 

363.69 ± 2.81 kcal) and medium lipid content (Lip = 9.80 ± 

0.59%). 

Group 3 includes accessions NBO014, NTE014, NOU011, 
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NTE011, NKO011, NBO011, NOU06, NOU03, NFE02, 

NOU013, NOU04, NKN01, NBO012, NFE012, NTE013, 

NBO02, and NKO02. These accessions present average en-

ergy value (EV = 370.41 ± 3.85 kcal) and low lipid content 

(Lip = 8.18 ± 1.19%). 

The Mahalanobis distances presented in table 6 show that 

distances separating the different classes are significant (p < 

0.05). Groups 1 and 2 are separated by 18.11. Next, group 2 

and group 3 are separated by 17.85. Finally, group 1 and 

group 3 are separated by 10.93. The ranking matrix shows that 

all three are well classified (Table 7). 

The results of the study on the nutritional diversity of 32 

cowpea accessions collected in northern Côte d’Ivoire indi-

cate that they are structured into three groups. These groups 

are not superimposed on geographical origins. Biochemical 

parameters such as energy value (EV) and fat content (Lip) of 

the seeds facilitated the discrimination of the revealed nutri-

tional groups. 

Table 5. Summary of discriminant analysis of nutritional charac-

teristics. 

Characters Wilk (Lambda) F d’exc. (2.14) P level 

Lipids 0.314275 30.02154 ˂ 0.001 

Energy Value 0.284922 25.90996 ˂ 0.001 

Table 6. Mahalanobis distances squared between the different 

groups. 

 Group 1 Group 2 Group 3 

Group 1  18.11 10.93 

Group 2 p˂0.001  17.85 

Group 3 p˂0.001 p˂0.001  

G1: Group 1; G2: Group 2; G3: Group 3 

Table 7. Group reclassification matrix based on nutritional charac-

teristics. 

From /To Group 1 Group 2 Group 3 % Cor-

rect 

Group 1 11   100 

Group 2  4  100 

Group 3   17 100 

 4 7 21 100 

G1: Group 1; G2: Group 2; G3: Group 3 

5. Discussion 

The physicochemical characterization of cowpea seeds 

from various accessions has enabled the development of a 

nutritional profile for cowpea seeds in northern Côte d’Ivoire. 

The variability expressed by the coefficient of variation was 

low for most of the parameters. This may be attributed to the 

fact that these accessions have been purified through prior 

work conducted by Assouman et al. (2024) [7]. The different 

evaluated genotypes are likely pure lines. 

The average ash content of the cowpea seeds in this study 

was 3.93%, with a variation ranging from 3.17% to 5.35%. 

These results are consistent with those of Herken et al. (2007) 

[15], Mebdoua (2011) [16], and Boye et al. (2016) [17]. The 

average protein content of the studied cowpea accessions 

ranged between 22.52% and 33.07%. These values corrobo-

rate those reported by Mebdoua (2011) [16] and Boye et al. 

(2016) [18]. In addition to their richness in proteins, the 

cowpea accessions are also high in carbohydrates, further 

confirming that cowpea is a leguminous plant. The high car-

bohydrate content is supported by the findings of Huang et al. 

(2007) [17] and Adebooye and Singh (2008) [19]. This ele-

vated level of carbohydrates and proteins clearly indicates that 

cowpea seeds are an energy-rich food source. Thus, the av-

erage energy value of 377.31 kcal/100g serves as an indicator 

of this. This value is like that obtained by Koko et al. (2016) 

[5], which is approximately 368.92 kcal/100g, and is also 

comparable to the energy value of 360.67±2.43 kcal/100g 

reported by Chinma et al. (2008) [20] for the Akidi cultivar in 

Nigeria. 

The various multivariate analyses conducted on the nutri-

tional variables allowed for the classification of the accessions 

into three groups. These groups were distinguished solely by 

two nutritional parameters: energy value and lipid content. 

Group 1 is characterized by high lipid content and high energy 

value; Group 2 has low lipid content and low energy value; 

and Group 3 exhibits average lipid content and average en-

ergy value. These results indicate that other evaluated pa-

rameters, such as proteins, carbohydrates, reducing sugars, 

dry matter, and water content, vary little from one accession to 

another within the cowpea at Peleforo GON COULIBALY 

University’s collection. Furthermore, since the energy value 

is determined from three parameters (lipids, carbohydrates, 

and proteins), it can be asserted that only the lipid content 

differs among the cowpea groups in the collection. 

6. Conclusion 

The present study has facilitated the evaluation of the di-

versity of cowpea genotypes from Peleforo GON COU-

LIBALY University’s gene bank across eight nutritional 

parameters. It has been determined that each evaluated pa-

rameter remains stable within an accession. The study also 

demonstrated that the cowpea seeds from this bank are rich in 

proteins and carbohydrates, with the lowest contents found in 
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ash and reducing sugars. The structuring of the accessions 

based on nutritional parameters has led to the grouping of the 

different genotypes into three (3) nutritional groups. These 

groups were discriminated based on lipid content, which 

varied significantly from one group to another. 
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