
Food and Nutrition Sciences, 2020, 11, 416-430 
https://www.scirp.org/journal/fns 

ISSN Online: 2157-9458 
ISSN Print: 2157-944X 

 
DOI: 10.4236/fns.2020.115030  May 28, 2020 416 Food and Nutrition Sciences 
 

 
 
 

Nutritional and Technological Characteristics 
of New Cowpea (Vigna unguiculata) Lines and 
Varieties Grown in Eastern Kenya 

Peter K. Biama1*, Abdul K. Faraj1, Christopher M. Mutungi2, Isaac N. Osuga3, Rose W. Kuruma4 

1Dairy and Food Science and Technology Department, Egerton University, Nakuru, Kenya 
2International Institute of Tropical Agriculture (IITA), Dar es Salaam, Tanzania 
3Department Animal Science, School of Natural Resource and Animal Sciences, Jomo Kenyatta University of Agriculture and 
Technology, Nairobi, Kenya 
4Kenya Agricultural and Livestock Research Organization (KALRO) Katumani, Kenya 

 
 
 

Abstract 
Protein sources in the diet of people living in semi-arid land of Kenya are 
lacking and if available it is costly to them. In terms of safe food and a healthy 
food supply, cowpeas (Vigna unguiculata.) are a significant source of protein, 
carbohydrates, and minerals especially for poor populations in the Kenya, it is 
said to be poor man’s meat. The aim of this study was to determine nutrition-
al composition of newly bred ten cowpea lines and five varieties commonly 
grown in Eastern Kenya of Kitui, Machakos and Makueni counties to under-
stand their potential utilization in curbing rising food and nutrition insecuri-
ty in arid and semi-arid lands ASALs and in any other food applications in 
Kenya. The experiment was arranged in Completely Randomized Design 
(CRD) whereby proximate composition and minerals were determined using 
standard AOAC and AACC methods and technological characteristics checked 
using modified methods used by other researchers. Collected data were sub-
jected to Analysis of Variance (ANOVA) using SAS (2006) version 9.1, mean 
separation was done using Tukey’s Honestly Significant Difference (HSD) 
method at 5% level of significance. Cowpeas composition ranged from 
12.28% - 13.35% for moisture content, 49.37% - 55.74% for total carbohy-
drates, 2.99% - 3.34% for crude ash, 0.13% - 0.81% for crude lipids, 23.37% - 
29.70% for crude protein and 1.40% - 4.34% for crude fibers. Cowpea samples 
recorded highest percentage of essential amino acids (60.71%) and non-essential 
amino acids (39.29%). Minerals ranged from 1.97 - 2.69 mg/100g for calcium, 
3.23 - 3.90 mg/100g for magnesium, 205.53 - 223.30 mg/100g for sodium, 
0.80 - 1.23 mg/100g for zinc, 1071.15 - 1152.62 mg/100g for potassium and 
0.62 - 1.06 mg/100g for phosphorus. For technological properties, lines ab-

How to cite this paper: Biama, P.K., Faraj, 
A.K., Mutungi, C.M., Osuga, I.N. and Ku-
ruma, R.W. (2020) Nutritional and Tech-
nological Characteristics of New Cowpea 
(Vigna unguiculata) Lines and Varieties 
Grown in Eastern Kenya. Food and Nutri-
tion Sciences, 11, 416-430. 
https://doi.org/10.4236/fns.2020.115030 
 
Received: March 15, 2020 
Accepted: May 25, 2020 
Published: May 28, 2020 
 
Copyright © 2020 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/fns
https://doi.org/10.4236/fns.2020.115030
https://www.scirp.org/
https://doi.org/10.4236/fns.2020.115030
http://creativecommons.org/licenses/by/4.0/


P. K. Biama et al. 
 

 
DOI: 10.4236/fns.2020.115030 417 Food and Nutrition Sciences 
 

sorbed water equivalent to their weights and they were comparable to varie-
ties grown in the region. From the results it showed that cowpea line 
IT97K-1042-3, TEXAN PINKIYE, TX123, IT85F-867-5, IT82D-889-1 and 
IT82D-889 have desirable attributes such as high crude protein contents, 
good water absorption capacities and volumetric expansion. They compared 
well with existing K80 variety. These cowpea lines could possibly be bred and 
combined into a single cowpea line and further improved by breeders to have 
other good properties such as higher levels of water absorption during soak-
ing hence reduced cooking times. Therefore, this work has shown that cow-
pea lines developed can be used as food security crop, industrial food applica-
tions and enriching foods of low protein like in complementary foods for 
healthy food supply in Eastern Kenya. 
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1. Introduction 

Food and nutrition security is still a development challenge for Kenya whereby 
25% of the country’s population suffers chronic food insecurity and poor nutri-
tion especially in Arid and Semi-arid lands (ASALs). Over US$1.3 billion is used 
in the importation of food annually [1] [2]. A changing climate, a growing world 
population, and a reduction in arable land devoted to food production are all 
problems facing Kenya food security. The development of crops that can yield 
under uncertain and extreme climatic and soil growing conditions can play a key 
role in mitigating these problems [3]. Frequent food shortages have been re-
ported especially in ASALs areas. Furthermore, about 5% of the country’s Ke-
nyan population depends on food aid [4]. Low levels of human development and 
high levels of poverty, increasing vulnerability in Kenya’s ASALs, climate 
stresses, especially drought, have caused greater consequences in these areas, 
such as acute food shortages leading to severe acute malnutrition widely preva-
lent problem in developing countries and a major cause of morbidity and mor-
tality [5]. 

Kenya’s drought conditions are expected to persist due to climatic changes 
leaving 3.4 million people severely food insecure and an estimated 500,000 
people without access to food and water [6]. An estimated 482,882 children re-
quire treatment for acute malnutrition, including 104,614 who are suffering 
from severe acute malnutrition (SAM), 83,691 are from 23 arid and semi-arid 
counties of Kenya [6]. Cowpea (Vigna unguiculata L.) is a nutritious crop which 
does well in ASALs because of its heat and drought tolerance, making it an en-
vironmental and climate-change friendly crop. It is an important source of qual-
ity dietary protein to millions of people living in ASALs and is the most widely 
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produced pulse grain after common dry beans (Phaseolus vulgaris), and chick-
pea (Cicer arietinum) [7]. Therefore, this crop can be a solution to many food 
insecurity challenges in this part of Kenya.  

Cowpea can be utilized by both human and livestock. It has agronomical and 
social benefits and takes a relatively short time to mature [8] [9] [10]. Efforts 
aimed at breeding and improving cowpea varieties for specific characteristics 
such as high yield, early maturity, desired seed quality, resistance to insects and 
diseases have been reported [11]. Little has been done on checking on nutritive 
and technological properties in these new varieties produced and consumed in 
Kenya. Therefore, the selection of new cowpeas lines of high proteins and min-
erals contents is important for human health mainly for the low-income popula-
tion in the ASALs regions. From the literature, elemental composition of various 
cowpea accessions in Kenya is not known, though the crop can serve as a good 
and cheap source of plant protein for school children, pregnant women, and all 
adults in semi-arid lands. 

This study aims at determining proximate, minerals and technological cha-
racteristics, leading to consumer acceptability of new cowpea lines as compared 
to the existing varieties grown in Machakos, Kitui and Makueni counties. This 
will offer a solution to food insecurity, malnutrition and recommend best cow-
peas lines to be used by farmers and consumers in the region and later in most 
parts of ASALs Kenya. 

2. Materials and Methods 

The study was conducted at Guildford Dairy Institute, Department of Dairy and 
Food Science and Technology, Egerton University. Laboratory experiment was 
arranged in Completely Randomized Design (CRD) with three replications where 
treatments were assigned to the experimental units completely at random. Rando-
mization was done without any restrictions. Improved cowpea lines IT97K-U99-35, 
IT82D-889. IT82D-889-1, TEXAN PINKEYE, TX123, IT98K-205-8, IT98K-1111-1, 
IT97K-10U2-3, IT85F-867-5, and IT98K-589-2, and varieties KVU27-1, M66, 
K80, KUNDE MBOGA, and KENYA KUNDE were sourced from Kenya Agri-
cultural Livestock Research Organisation (KALRO) Katumani Research. Cow-
peas were grown at experimental stations of KALRO Katumani during the crop-
ping seasons of 2018 short rains (SR) and 2019 long rains (LR). This location 
falls under semi-arid region of eastern Kenya (Ukambani) which experiences a 
bimodal rainfall pattern with long rains occurring from March-May and short 
rains from October-December [12]. Ten cowpea breeding lines, along with five 
improved checks/varieties were laid out in a randomized complete block design 
with three replications. Samples for analysis in this experiment were picked 
randomly. Each breeding line was planted in a 4 row plot of 4 m length with in-
ter-row spacing of 0.6 m and intra-row spacing of 0.2 m. Two seeds were planted 
per hill and later thinned to one plant per hill two weeks after emergence. The 
plots were maintained weed free by hand hoeing. 
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2.1. Sample Preparation 

Matured, dry grains (250 g) were cleaned, this involves removal of foreign mat-
ter, broken seeds and immature seeds. Grains were then milled using a Micro-
phyte lab disintegrator (miller) model Fz102 (Tianjin, China), which was fitted 
with 500-μm sieve to give whole grain flour, and then stored at (9 ± 2)˚C until all 
other analyses were done. 

2.2. Nutritional Analyses 

Proximate composition 
Determination of moisture content 
Moisture content of the samples was determined using oven-drying method 

according to AACC International [13], Method 44-15 A. This involved exposing 
samples to air oven drying at 105˚C for 3 h (single stage). Moisture content was 
then calculated as the loss in weight expressed as a percentage of the original 
weight of a sample. 

( ) ( )
%Moisture Content

weight of pan wet sample weight of pan dry sample
100

weight of sample
+ − +

= ×
 

Determination of ash content 
The AOAC 942.05 method [14], was used to determine the ash content. Two 

(2) g of ground cowpea grains sample was weighed (W1) into a crucible that was 
previously calcined and weighed (W2), and then heated in a muffle furnace 
(Model: MR170; S/N: 6800616; Hereaus GMBH, Hanau, Germany) at 550˚C for 
12 h. The crucible with the ashed sample was then cooled in a desiccator and 
reweighed (W3). Ash content was calculated using the expression:  

( )2 1 2Ash% 100 W W W= ∗ −  

Determination of crude protein content 
Determination of crude protein was done according to AOAC method 984.13 

[14]. Two (2) g of cowpeas ground sample were mixed with 20 mL of concen-
trated sulphuric acid in a clean well labelled digestion tube. Kjeldahl tablets (cat-
alyst) were added to the mixture (selenium powder and concentrated sulphuric 
acid (2.8 g/800-mL), in the tube and the sample digested in a Gerhardt Kjelda-
therm digester (Model: KB40; Gerhardt GMBH and CO. Kg; Germany) for 1 h at 
420˚C. Distilled water was added to the digest to make 80 mL volume. Exactly 50 
mL of Sodium hydroxide solution was added to the mixture and followed by dis-
tillation of the ammonia into concentrated boric acid using a 2200 KjeltecTM auto 
distillation unit (Foss Analytical, Höganäs, Sweden). Titration was done using 
hydrochloric acid (0.1 mol/L) after adding a few droplets of indicator solution. 
Nitrogen content (g/100g) was obtained using the formula;  

( ) ( ) ( )HClg 100 g 1 14.007 10s bN V V M W= − × × × ×  

where: Vs is volume of HCl (mL) needed to titrate sample; Vb is volume of HCl 
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(mL) needed to titrate the blank test; M(HCl) is the molarity of hydrochloric acid; 
the numeral one (1) is the acid factor; 14.007 is the molecular weight of nitrogen; 
W is the weight of the sample (g) and 10 is the conversion factor from mg/g to 
g/100g. Crude protein content was obtained by multiplying the nitrogen content 
by 6.25.  

Determination of crude fat content  
Crude fat extraction was done according to AOAC method 920.39 [14]. Five 

(5) g of the sample was weighed (W1) into the extraction thimble and covered 
with a fat-free clean wad of cotton wool. The thimble was then fitted to a clean 
dry round bottom flask that had been cleaned, dried and weighed (W2). Exactly 
25 mL of petroleum ether was added into the extraction flask. The Elec-
tro-thermal Soxhlet-Apparatus (Model: EME 6250/CF; Cole Parmer; England) 
was set to extract the sample for 6 h, after which the solvent was evaporated, 
flask dried in a desiccator and reweighed (W3). 

Crude fat content (%) was calculated using the formula:  

( )3 2 1100 W W W∗ −  

W1 is the initial sample weight in grams, W2 is the tare weight of flask in grams, 
and W3 is the weight of flask and fat residue in grams 

Determination of crude fibre 
Crude fiber was determined according to method 6865 [14]. Two (2) g of the 

grounded sample was extracted with ether to remove fat. After extraction 2 g of 
the sample was boiled with 200 mL of sulphuric acid for 30 Minutes, then fil-
tered through muslin cloth and washed with boiling water until no longer acidic, 
then boiled with 200 mL Sodium hydroxide for 30 minutes, filtered through 
muslin cloth and washed with 25 mL of boiling 1.25% Sulphuric acid, 3.50 mL 
portions of water and 25 mL alcohol all this was done in a Fibertec digester 
(FOSS, Sweden). The residue was removed and transferred to ashing dish 
(pre-weighed dish—W1). The residue was dried for 2 hrs at 130˚C ± 2˚C and 
cooled in a desiccator and weighed (W2). Then ignited for 30 mins @600˚C in 
muffle furnace (Model: MR170; S/N: 6800616; Hereaus GMBH, Hanau, Germa-
ny) then cooled in the desiccator and reweighed (W3) 

The formula used  

( ) ( ) ( )( )2 1 3 1 3 1 weight of the sample 1Crude ibr 0F e 0W W W W W W− − − − ∗=   

Carbohydrate content determination: 
Carbohydrate content was calculated by difference method using the follow-

ing equation.  

( )%Carbohydrate 100% Moisture Crude fat Ash crude protein %= − + + +  

Minerals analyses 
Minerals determination was done using method described by AOAC [14]. 

Five milliliters of conc. HNO3 and 1 ml Conc. HClO4 were used to digest 1 g of 
sample. Allowed to stand closed overnight at room temperature to predigest the 
sample and thereafter placed in oven at 100˚C for 8 hours and cooled to room 
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temperature in fume hood. Atomic absorption spectrophotometer (Thermo Jar-
rell Ash Corporation model 6) was used for analysis of Calcium, Magnesium, 
Zinc, Sodium, Phosphorus. Flame spectrophotometer (Flame photometer model 
410, United Kingdom) was used for potassium and UV/visible spectrophotome-
ter (JENWAY 7315) for phosphorus. Calcium, potassium, magnesium, sodium, 
zinc and phosphorus were measured at wavelengths of 422.7, 766.5, 285.2, 589.0, 
213.9 and 880 nm respectively. 

Amino Acid Profiling  
Pico-Tag method, described by [15] was used to determine the amino acid 

composition of cowpea flour samples. The method is a three main steps proce-
dure: hydrolysis of the protein and peptides to yield free amino acids (Performic 
acid was used to oxidise sulphur-containing amino acids cysteine and methio-
nine into cysteic acid and methionine sulphone), Sodium metabisulphite was 
added to decompose excess performic acid, Amino acids were liberated from 
proteins using 6 N HCl. 

Then pre-column derivatization of sample was done with O-phthalaldehyde 
(OPA) and analysis by reverse phase Ultra Performance Liquid Chromatography 
(UPLC) in fluorescence detection. The Pico-Tag column part (3.9 mm × 15 cm) 
employed and the wavelength detector was operated at 254 nm hence get the 
peak area and read with respective calibration curves.  

Technological properties determination 
Grain samples was first mixed and sieved in sieves with holes of (5.16 × 19.05 

mm) and Visibly damaged grains from insects or from mechanical processes 
were removed before analysis. After selection, the grains were stored in refrige-
rators with a stable temperature of below 10˚C. 

Hydration properties 
Water absorption capacity before cooking  
This was determined in accordance with the modified methods described and 

used by [16]. Whereby 30 g sample of cowpea grains was placed in a 250 mL 
beaker with 100 mL of distilled water for 16 hrs at ambient temperature. After 
the soaking period, the water was drained, the grains reweighed and the water 
absorption capacity before cooking (WACBC) was calculated by the formula: 

( )WACBC 100sw dw dw− ∗=  

in which dw = beginning weight of dry grains; sw = grain weight after macera-
tion. 

Water absorption capacity after cooking 
The drained cowpea grains were once more placed in the beaker, with 100 mL 

of distilled water, and heated for an hour by an electric hot plate, time was mo-
nitored when the water began to boil. The broth was drained and water absorp-
tion capacity after cooking (WACAC) calculated by the formula: 

( )WACAC 100cw dw dw− ∗=  

where dw = beginning weight of dry grains; cw = weight of grains after cooking. 
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Volumetric expansion and density of cowpea grains 
Determinations of the characteristics related to volumetric expansion and 

density of the cowpea grains was done according to method used by [16]. Ten 
(10) g of raw grains were weighed, which were soaked in distilled water for 16 
hours at ambient temperature. After this period, the water was drained and the 
grains were weighed. The grains were then placed in glass jars with 100 mL of 
boiling water was added and the grains were cooked in a small cooking pan (su-
furia) for 1 hour. The volume of the raw, macerated and cooked grains was de-
termined using the water displacement principle to a graduated cylinder with a 
100 mL capacity containing 50 mL of water, and the volume of displaced water 
was noted.  

The technological characteristics of volumetric expansion of grains before 
cooking (VEXPBC), volumetric expansion after cooking (VEXPAC), dry grain 
density (R/DD), grain density after soaking (SD) and grain density after cooking 
(CD) were calculated using the formulas: 

( )VEXPBC 100vs vr vs− ∗=   

( )VEXPAC 100vc vr vc− ∗=   

R DD dw vr=     

SD sw vs=   

CD cw vc=      

in which 
vr = volume of water displaced by raw grains; vs = volume of water displaced 

by grains after soaking; vc = volume of water displaced by the grains after cook-
ing; dw = weight of the dry/raw grains; sw = weight of the grains after soaking. 

2.3. Statistical Analysis 

The experiment employed a completely randomized design (CRD) in a factorial 
arrangement. Data obtained were subjected to analysis of variance (ANOVA) to 
test hypothesis using SAS (2006) version 9.1 and mean separation was done us-
ing Tukey’s Honestly Significant Difference (HSD) method at 5% level of signi-
ficance. 

3. Results and Discussion 

Proximate Content 
Analysis of variance was done for the completely randomized design for dif-

ferent lines and varieties. Variety/lines significantly affected all the proximate 
composition at p < 0.05. 

Moisture content of cowpea grains tested in this study was statistically signifi-
cantly different at (p < 0.05). The low values of moisture ensured a long shelf life 
of the cowpea samples without microbial spoilage. Moisture content ranged 
from 12.28 to 13.35% as presented in Table 1. IT98K-205-8 had the lowest mois-
ture content, while IT97K-U99-35 had the highest moisture content. Average  
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Table 1. Proximate composition of different lines/varieties grown in eastern Kenya. 

Lines/Variety Moisture Ash Fat Protein Crude Fibre Carbohydrates 

IT82D-889 12.71ab ± 0.01 3.23ab ± 0.05 0.60ab ± 0.05 25.73abc ± 0.88 4.34a ± 1.01 53.40ab ± 1.78 

IT82D-889-1 12.98ab ± 0.07 3.34ab ± 0.04 0.47abc ± 0.14 26.69abc ± 1.23 3.98ab ± 0.29 52.55ab ± 1.08 

IT85F-867-5 12.97ab ± 0.14 3.25ab ± 0.04 0.47abc ± 0.07 25.68abc ± 1.00 2.90ab ± 0.29 54.74ab ± 1.23 

IT97K-1042-3 12.99ab ± 0.15 3.34ab ± 0.06 0.21bc ± 0.11 28.37c ± 0.49 3.28ab ± 0.70 56.45a ± 0.66 

IT98K-205-8 12.28b ± 0.34 3.08ab ± 0.11 0.22bc ± 0.08 26.80abc ± 1.00 4.12a ± 0.28 53.52ab ± 1.29 

IT98K-589-2 12.69ab ± 0.19 3.37a ± 0.07 0.48abc ± 0.06 24.76 ± bc0.60 3.58ab ± 0.24 55.13ab ± 0.69 

K80 12.46ab ± 0.13 3.14ab ± 0.05 0.44abc ± 0.13 28.22ab ± 1.00 4.18a ± 0.43 51.56ab ± 1.23 

KENYA KUNDE 12.85ab ± 0.25 3.27ab ± 0.06 0.53abc ± 0.15 26.77abc ± 0.54 4.61a ± 0.69 51.98ab ± 0.81 

KUNDE MBOGA 12.82ab ± 0.17 3.31ab ± 0.05 0.81a ± 0.10 26.51abc ± 0.61 3.25ab ± 0.72 53.40ab ± 1.08 

KVU27-1 12.92ab ± 0.11 3.27ab ± 0.04 0.51abc ± 0.08 26.10abc ± 0.55 1.40b ± 0.18 55.81ab ± 0.59 

M66 13.05ab ± 0.22 3.22ab ± 0.07 0.50abc ± 0.12 25.74abc ± 0.54 3.42ab ± 0.66 54.07ab ± 1.03 

TEXAN PINKIYE 12.37ab ± 0.08 3.28ab ± 0.05 0.53abc ± 0.07 29.70a ± 0.49 3.93ab ± 0.71 50.09b ± 0.73 

TX123 12.60ab ± 0.28 3.21ab ± 0.05 0.50abc ± 0.01 26.53abc ± 1.66 3.25ab ± 0.52 53.92ab ± 2.36 

IT97K-U99-35 13.35a ± 0.14 3.34ab ± 0.06 0.21bc ± 0.11 23.37abc ± 0.49 3.28ab ± 0.70 56.45a ± 0.66 

IT98K-1111-1 13.18ab ± 0.12 2.99b ± 0.11 0.13c ± 0.02 25.62abc ± 1.25 3.00ab ± 0.26 55.08ab ± 1.45 

Key: The Values are means ± standard deviations. Values of a parameter in a column, followed by different superscript letters which are significantly differ-
ent at p ≤ 0.05 if letters are not same. Means with the same letter along the columns are not significantly different at p ≤ 0.05. 

 
moisture content in cowpeas lines and varieties was 12.78%. It was also reported 
that four cowpeas varieties grown in Nsukka and Enugu state of Nigerian to 
have moisture content ranging from 14.5% and 11.50% [17]. 

Total Carbohydrates were the highest components of cowpeas and not statis-
tically and were not statistically significant at p < 0.05. Carbohydrates ranged 
from 50.09% to 56.08% as depicted in Table 1. IT97K-U99-35 had the highest 
total carbohydrates, while TEXAN PINKIYE had the lowest. The results are 
same as the ones of Otitoju et al. (2015) who reported carbohydrates ranging 
from 49.37% to 55.74% in a study conducted on four cowpeas varieties from 
four different states in Nigeria. 

Protein content ranged from 23.37% (IT97-K-U99-35) to 29.70% (TEXAN 
PINKIYE). These values corresponded to those obtained by other scientists, 
ranging from 17.4% to 31.7% [18] [19] [20] and confirmed the high nutritional 
value of cowpea. Cowpea protein of varieties and lines tested in this study were 
statistically significantly different at (p < 0.05). It revealed that protein content of 
lines and varieties differ significantly. Fat content means ranged from 0.13% to 
0.81% which is within the fat content range of cowpea seeds reported by [21]. 
This means that fat content for cowpea lines and varieties were on the lower side 
overall. 

Crude Fibers are plant materials that remain after solvent extraction then fol-
lowed by digestion with dilute alkali and acid. Crude fibers of cowpeas varieties 
and lines tested in this study were statistically significantly different at (p < 0.05). 
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crude fibers ranged from 1.40% - 4.34% KVU27-1 recording the lowest and 
IT82D-889. 

Mineral Content 
Minerals are inorganic nutrients which are needed by human body in small 

amount. Human body needs less than 1 to 2500 mg a day [22]. As seen in Table 
2 below, almost all the varieties had no difference in the mineral contents except 
line IT97K-1042-3 which was lower in both calcium and magnesium. This 
means that the varieties absorb less of calcium and magnesium from the soils. 
From the results potassium indicated that it is highly concentrated across all the 
varieties and lines. Generally, cowpea samples may be regarded as good sources 
of essential minerals. 

Analysis of variance was done for the completely randomized design of variety 
as a factor. Variety/lines significantly affected calcium and phosphorus at p < 
0.05 while it did not significantly affect magnesium, zinc and sodium contents at 
p < 0.05. Sodium and potassium are normally required to maintain the body 
fluids osmotic balance and pH, this regulates muscle and nerve irritability and it 
is able to control glucose absorption in the body. The ratio of sodium to potas-
sium in the body is of great concern for prevention of high blood pressure 
(hypertension). Therefore, sodium to potassium ratio for the samples was less 
than one which is recommended. This means that the cowpea lines samples 
would not promote high blood pressure hence they are good for maintaining 
good health. However, results of Calcium to Phosphorus ratio in the cowpea  
 

Table 2. Mineral contents in mg/100g of different lines/varieties flour grown in eastern Kenya. 

Line/variety Calcium Magnesium Zinc Sodium Phosphorus Potassium 

KVU27-1 2.69a ± 0.63 3.90ab ± 0.18 1.03a ± 0.24 218.84a ± 7.48 0.92a ± 0.06 1122.89a ± 35.36 

TX123 2.07bcd ± 0.37 3.44b ± 0.22 1.23a ± 0.30 219.19a ± 3.36 1.03a ± 0.06 1152.62a ± 28.52 

IT98K-205-8 2.25abcd ± 0.42 3.55ab ± 0.02 1.17a ± 0.19 220.50a ± 7.06 0.85ab ± 0.05 1146.36a ± 33.96 

IT98K-1111-1 2.07bcd ± 0.43 3.43b ± 0.05 1.18a ± 0.19 223.30a ± 0.65 1.06a ± 0.08 1145.89a ± 28.52 

IT97K-1042-3 1.93d ± 0.44 3.23b ± 0.07 1.21a ± 0.16 216.22a ± 10.62 0.91ab ± 0.05 1101.55a ± 18.93 

IT85F-867-5 2.11bcd ± 0.43 3.68ab ± 0.24 1.03a ± 0.12 221.45a ± 6.84 0.99ab ± 0.07 1131.58a ± 11.15 

IT98K-589-2 1.97cd ± 0.30 3.64ab ± 0.29 0.89a ± 0.11 208.83a ± 8.03 0.71ab ± 0.12 1097.19a ± 29.57 

M66 2.62ab ± 0.55 3.72ab ± 0.20 0.87a ± 0.18 222.31a ± 0.36 0.77ab ± 0.04 1078.94a ± 21.35 

K80 2.53abc ± 0.59 3.70ab ± 0.27 0.81a ± 0.04 216.99a ± 4.20 0.89ab ± 0.01 1141.13a ± 31.53 

KUNDE MBOGA 2.20abcd ± 0.38 4.90a ± 0.76 0.80a ± 0.07 219.22a ± 4.20 0.83ab ± 0.04 1109.30a ± 33.60 

KENYA KUNDE 2.17abcd ± 0.42 3.71ab ± 0.20 0.93a ± 0.08 181.28a ± 32.88 0.62b ± 0.08 1071.15a ± 24.08 

IT97-K-U99-35 2.27abcd ± 0.39 3.77 ± 0.24 0.97a ± 0.20 212.95a ± 5.17 0.83ab ± 0.03 1142.26a ± 33.81 

IT82D-889 2.27abcd ± 0.43 3.74ab ± 0.16 0.94a ± 0.10 212.19a ± 6.07 0.87ab ± 0.18 1105.73a ± 34.22 

IT82D-889-1 2.22abcd ± 0.32 3.59ab ± 0.20 1.22a ± 0.19 205.53a ± 5.47 0.80ab ± 0.10 1120.81a ± 16.40 

TEXAN PINKIYE 2.24abcd ±0.50 3.51b ± 0.27 1.01a ± 0.20 212.07a ± 2.02 0.90ab ± 0.08 1120.97a ± 11.86 

Key: The Values are means ± standard deviations. Values of a parameter in a column, followed by different superscript letters which are significantly differ-
ent at p ≤ 0.05 if letters are not same. Means with the same letter along the columns are not significantly different at p ≤ 0.05. 
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samples were above two giving an indicating that this would help increase the 
absorption of calcium in the small intestines. 

There are many factors that may account for concentrations of the elements in 
the cowpea seeds These factors includes concentration levels in the soil and 
translocation rates of the elements by the varieties or lines from the soil. Cow-
pea, like other crops, depends on the soil for mineral elements needed for struc-
tural and catalytic functions [23]. Presence of the major elements and the trace 
elements indicates that cowpea is a rich source of mineral and can be used to 
improve the diet people living in ASALs areas of Eastern Kenya. They are taken 
up by means of active transport therefore the levels in the plant tissues and seeds 
will be affected by the rate of active transport among other factors in plant. In 
this work the ten cowpea lines and five cowpea varieties differed slightly in their 
levels of the six mineral elements. This could be due to differences in their ability 
to take up mineral elements from the soil. Other possible reason is the cowpea 
differences that may result in their level of requirements for the mineral ele-
ments during growth. 

Correlation of minerals in cowpeas 
There was a significant correlation of minerals in the studied cowpea varieties 

and lines. From the Table 3 below an increase in calcium negatively affected the 
zinc and phosphorus content at p < 0.001 while an increase in the same posi-
tively led to an increase in potassium and magnesium levels at p < 0.01 and p < 
0.001 respectively. Zinc affected positively all the minerals at p < 0.001 for so-
dium and potassium at p < 0.001 and phosphorus at p < 0.01. 

Technological Properties of Cowpea Grains 
Analysis of variance was done for the completely randomized design for va-

riety as a factor. Variety/lines significantly affected all the technological proper-
ties at p < 0.01 except SD where it was not significant p < 0.05. According to this 
analysis it was found out that cowpea grains both lines and varieties were able to 
absorb water before cooking equivalent to their weights. This is seen with varia-
tions of (104.43% to 114.17%) and the overall mean of water absorption before 
cooking was 109.3%. Various studies have reported an inverse association be-
tween cooking time and water absorption [24] [25]. Therefore, cowpea lines or  
 
Table 3. Correlation analysis between the different mineral dependent variables of dif-
ferent lines and varieties obtained from eastern Kenya. 

 Calcium Magnesium Zinc Sodium Phosphorus Potassium 

Calcium 1.00      

Magnesium 0.35*** 1.00     

Zinc −0.56*** 0.14ns 1.00    

Sodium 0.08*** 0.40*** 0.27** 1.00   

Phosphorus −0.39*** 0.21* 0.41** 0.29** 1.00  

potassium 0.29** 0.26* 0.64*** 0.60*** 0.45*** 1.00 

Key: Significance for *** = p < 0.001; ** = p < 0.01 and * = p < 0.05. 
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varieties with the highest water absorption capacity will not automatically have 
the shortest cooking time and vice versa [26]. Cowpea grains having differential 
characteristics in water absorption before cooking and after cooking which is 
associated with the rigidity of the seed coat, cotyledon adherence, elasticity, po-
rosity and colloidal properties in water absorption [16]. Water absorption of le-
gumes has been shown to be influenced by seed coat thickness and seed size 
[27]. Cowpea grains with high values of WACBC and WACAC are highly rec-
ommended for commercial food industries and kitchens because they yield or 
increase more after cooking. Generally, from results in table all the varieties and 
lines had good water absorption capacities. TEXAN PINKIYE cowpea line re-
ported the highest water absorption capacity after cooking of 132.34%. 

For volumetric expansion it is a desirable characteristic which has an influ-
ence on acceptability of a new line, it should have high grain expansion after 
cooking. Volumetric expansion rate expresses water diffusion within the grains. 
Cowpea line IT85F-867-5 recorded the highest volumetric expansion of 64.42% 
therefore it is highly recommended new cowpea line, this results shows that it 
has low lignin level in the grain. Water diffusion is affected by lignin levels (de-
gree of lignification) in the grain [28]. 

Grain densities of raw grains as high as 1.24 g∙mL−1 dropped after soaking and 
further reduced after cooking as low as 1.05 g∙mL−1. This drop in densities of the 
soaked and cooked grains is due to the increase in volume in relation to the 
weight when water is absorbed by the grain (Table 4). 

 
Table 4. Technological properties of different lines/varieties grown in eastern Kenya. 

Lines/variety WACBC WACAC VEXPBC VEXPAC R/GD SD CD 

KVU27-1 105.95bcd ± 0.63 122.97c ± 0.40 57.02bc ± 0.34 59.52efd ± 0.73 1.24a ± 0.01 1.07a ± 0.01 1.10 ± 0.01 

TX 123 111.29abc ± 3.03 131.47b ± 1.66 58.65ab ± 0.03 59.20defg ± 1.33 1.17bc ± 0.02 1.07a ± 0.01 1.05 ± 0.02 

IT98K-205-8 104.43cd ± 0.88 127.79bc ± 0.43 57.03bc ± 0.78 63.95ab ± 1.27 1.25a ± 0.01 1.18a ± 0.01 1.08 ± 0.03 

IT98K-1111-1 114.17a ± 1.43 128.14bc ± 0.55 61.18a ± 0.67 62.09bcd ± 0.82 1.22ab ± 0.04 1.09a ± 0.01 1.06de ± 0.02 

IT97K-1042-3 113.45a ± 1.07 125.97bc ± 1.72 55.99bcd ± 0.36 63.49abc ± 0.95 1.25a ± 0.01 1.10a ± 0.05 1.08a ± 0.02 

IT85F-867-5 108.85abcd ± 1.67 132.01b ± 0.73 57.05bc ± 0.77 64.42a ± 0.84 1.18abc ± 0.01 1.08a ± 0.01 1.05bc ± 0.01 

IT98K-589-2 101.94d ± 0.41 107.05d ± 1.20 56.35bcd ± 1.00 57.14efg ± 0.73 1.18abc ± 0.01 1.10a ± 0.01 1.05e ± 0.01 

M66 102.49d ± 1.03 122.85c ± 1.53 54.70cd ± 0.55 58.09defg ± 0.77 1.18abc ± 0.01 1.09a ± 0.01 1.07bc ± 0.01 

K80 106.97abcd ± 1.28 126.88 ± 2.01 57.10bc ± 0.43 59.94def ± 1.27 1.17bc ± 0.02 1.07a ± 0.01 1.05bc ± 0.01 

KUNDE MBOGA 105.32bcd ± 1.00 125.88bc ± 1.48 55.94bcd ± 0.69 57.91efg ± 1.34 1.14d ± 0.02 1.08a ± 0.01 1.05bc ± 0.01 

KENYA KUNDE 107.39abcd ± 1.13 127.80bc ± 1.55 58.73ab ± 0.52 60.47cde ± 1.11 1.18abc ± 0.01 1.08a ± 0.01 1.05cde ± 0.01 

IT97K-U99-35 103.81d ± 0.82 127.70bc ± 1.12 55.47bcd ± 0.21 60.81bcde ± 0.55 1.18abc ± 0.01 1.13a ± 0.02 1.08bc ± 0.01 

IT82D-889 107.20abcd ± 0.32 131.82b ± 1.95 53.83cd ± 1.19 58.17defg ± 0.92 1.12cd ± 0.01 1.12a ± 0.01 1.08bc ± 0.01 

IT82D-889-1 107.46abcd ± 0.92 144.42a ± 2.06 52.94d ± 0.31 58.20defg ± 0.05 1.12cd ± 0.01 1.11a ± 0.01 1.08bcd ± 0.02 

TEXAN PINKIYE 112.10ab ± 0.31 132.34b ± 0.95 53.33cd ± 0.81 55.20g ± 0.62 1.14d ± 0.01 1.09a ± 0.01 1.06cde ± 0.01 

Key: The Values are means ± standard deviations. Values of a parameter in a column, followed by different superscript letters which are significantly differ-
ent at p ≤ 0.05 (letters are not same). Means with the same letter along the columns are not significantly different at p ≤ 0.05. Values of water absorption 
capacity before cooking (WACBC) and after cooking (WACAC), volumetric expansion before. cooking (VEXPBC) and after cooking (VEXPAC), dry/raw 
grain density (R/DD), grain density after soaking (SD) and grain density after cooking (CD) of the grains of varieties/lines of cowpeas from KALRO Katu-
mani Kenya. 
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Amino acids content of cowpea lines 
Nutrient value or protein quality of certain food normally depends on its 

amino acid content, the physiological utilization of specific amino acid after di-
gestion, absorption and final utilization. Cowpea lines and varieties (check) are 
rich in isoleucine, leucine, lysine and tyrosine and phenylalanine (aromatic 
amino acids) (Table 5). The most abundant amino acids are glutamic and aspar-
tic acids. Total essential amino acids were high compared to non-essential amino 
acids. Cowpea samples seeds are low in sulphur amino acids, methionine and 
cysteine but are moderately high in lysine contents. These cowpea lines are good 
sources of most of the essential amino acids. Therefore, highly suitable and 
hence recommended for the fortification of cereal products mostly used as 
weaning foods for children in most Kenyan communities, especially in Eastern 
Kenya. 

IT97K-1042-3 line had higher amounts of amino acids on average as com-
pared to other cowpea lines. Methionine was higher in IT97K-1042-3 (0.38 
mg/100g), and TEXAN PINKIYE (0.37 mg/100g). The two lines recorded high 
histidine level of 0.84 mg/100g compared to others. Difference in profiles of 
amino acids is probably derived from genetic and agronomic factors that may 
influence the amino acid profile [29] (Pandurangan et al., 2015). Low content of  
 

Table 5. Amino acids contents of different lines grown (g/100 g sample) of cowpea flour. 

 
IT97K- 
U99-35 

IT82D- 
889 

IT82D- 
889-1 

TEXAN 
PINKIYE 

TX 123 
IT98K- 
205-8 

IT98K- 
1111-1 

IT97K- 
1042-3 

IT85F- 
867-5 

IT98K-589-2 

Methionine 0.33 0.33 0.33 0.37 0.34 0.34 0.34 0.38 0.35 0.33 

Cysteine 0.25 0.24 0.23 0.26 0.23 0.23 0.23 0.28 0.23 0.22 

Methionine + 
Cysteine 

0.58 0.57 0.55 0.63 0.57 0.57 0.58 0.66 0.58 0.55 

Lysine 1.56 1.55 1.56 1.74 1.59 1.65 1.61 1.82 1.60 1.49 

Threonine 0.84 0.83 0.87 0.97 0.90 0.90 0.91 1.01 0.89 0.86 

Arginine 1.71 1.71 1.67 1.99 1.87 1.82 1.87 2.14 1.80 1.53 

Ileum 0.96 0.97 1.00 1.09 1.03 1.05 1.03 1.13 1.02 0.95 

Leucine 1.75 1.72 1.79 1.95 1.85 1.90 1.86 1.99 1.80 1.69 

Valine 1.16 1.15 1.18 1.29 1.21 1.23 1.22 1.32 1.19 1.12 

Histidine 0.76 0.73 0.71 0.84 0.80 0.80 0.83 0.84 0.75 0.69 

Phenylalanine 1.32 1.31 1.33 1.43 1.35 1.42 1.36 1.49 1.32 1.25 

Glycine 0.86 0.94 0.96 0.99 0.89 0.92 0.90 1.06 0.98 0.89 

Serine 1.12 1.10 1.14 1.27 1.17 1.22 1.19 1.35 1.17 1.11 

Proline 0.94 0.96 0.94 1.01 0.96 1.02 0.98 1.09 0.95 0.90 

Alanine 0.94 0.94 0.97 1.08 0.98 1.01 0.99 1.11 0.99 0.94 

Asphartic 2.73 2.60 2.64 3.04 2.93 2.98 3.10 3.0 2.83 2.54 

Glutamic 3.97 3.95 3.93 4.46 4.13 4.33 4.20 4.60 4.01 3.76 
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methionine and cysteine and high content of lysine observed in this cowpea lines 
in this study can be complemented by inclusion with cereal food preparations. 
This is because cereals have lysine as a limiting amino acid and an excess of me-
thionine, hence this combination would provide a complete protein for all es-
sential amino acids [30] (Cervantes et al., 2014). 

4. Conclusion and Recommendations 

Cowpeas moisture content, total carbohydrates, crude ash, crude fat, crude pro-
tein, amino acids technological properties and minerals (calcium, magnesium, 
sodium, zinc, potassium, and phosphorus) were analyzed. The moisture content, 
crude fibre and crude fat across all the samples in this study were low, while total 
carbohydrates were high. There was no significant difference in moisture con-
tent, carbohydrates and protein content between varieties and lines. Cowpea line 
IT97K-1042-3 and TEXAN PINKIYE recorded the highest amount of crude 
protein. Regarding minerals, there was no significant difference in calcium, 
magnesium, zinc and potassium except line IT97K-1042-3 which was lower in 
both calcium and magnesium. There were higher amounts of potassium in all 
the varieties and lines. Considering nutritional content of both varieties and 
lines, they are good source of nutrients and they can be used for processing of 
different foods especially as an ingredient in enriching other foods like baby 
foods and for preparation of different dishes. 

This study has shown that cowpea line TEXAN PINKIYE, IT85F-867-5, 
IT82D-889-1, IT98K-205-8, IT97K-1042-3 and IT82D-889 have desirable attributes 
such as high crude protein contents, good water absorption capacities and high 
volumetric expansion. IT97K-1042-3 having good amino acid patterns compared to 
the rest. They compared well with existing varieties like K80 and KVU27-1 though 
more superior than them. These cowpea lines could possibly be combined into a 
single cowpea line and further improved by breeders to have other good proper-
ties such as high proteins percentages, higher levels of water absorption during 
soaking hence reduced cooking times. However, further studies on the presence 
of oligosaccharides and other antinutrients that affect the utilization of cowpeas, 
as well as sensory evaluation studies on those breeding lines that look very 
promising from a nutritional standpoint, are necessary at this stage. 
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