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Abstract

BACKGROUND: Cowpea is traditionally cultivated in some regions of southern Europe for its dried seeds; however, there is a
scarcity of information on the quality and dietary characteristics of fresh pods, which are occasionally used in folk diets. This
paper aims at covering this gap in knowledge, thereby contributing to the dissemination of fresh cowpea pods as a novel product
for the market. The quality and dietary characteristics of pods from 37 accessions (Vigna unguiculata ssp. unguiculata and ssp.
sesquipedalis) grown in southern Europe were assessed in an attempt to provide information on pod quality and nutritional
properties and to identify relationships between quality traits and accession origin.

RESULTS: Pods from the sesquipedalis accessions were heavier and larger, and reached commercial maturity 2 days later,
than those from the unguiculata accessions. There were also large differences in the quality and dietary characteristics of
the accessions. The pods of most accessions were rich in proteins, chlorophylls, carotenoids and phenolics, and showed high
antioxidant activity and low concentrations of nitrates and raffinose-family oligosaccharides. Cluster analysis based on quality,
dietary or antinutritional traits did not reveal any apparent grouping among the accessions. All the quality characteristics were
independent of accession origin and subspecies.

CONCLUSION: Most of the accessions produced fresh pods of good quality and high dietary value, suitable for introduction in
the market and/or for use as valuable genetic material for the development of new improved varieties.
© 2017 Society of Chemical Industry

Supporting information may be found in the online version of this article.
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INTRODUCTION
Cowpea (Vigna unguiculata ssp. unguiculata (L.) Walp. and V.
unquiculata ssp. sesquipedalis (L.) Verdc.) is the most important
food legume cultivated in the sub-Saharan and tropical Savanna
regions of Africa, and its dry seeds considerably contribute to the
diet of millions of people in this area.1 It is also traditionally cul-
tivated in the Mediterranean Basin, as it adapts well to arid con-
ditions due to its drought tolerance.2,3 Cowpea is not widespread
in Europe, although it is traditionally cultivated in some regions
of southern Europe,4 for the production of dry seeds and occa-
sionally in folk markets as green pods (vegetable cowpea). Climate
changes will probably offer the possibility to expand this crop to
other regions. Two different pod types can be identified: the ‘com-
mon cowpea’ (produced by the subspecies unguiculata) with fresh
pods of 10–30 cm length, and the ‘asparagus bean’ or ‘yard long
bean’ (produced by the subspecies sesquipedalis) with green to
pale green pods of 40–80 cm or more in length.5

In Europe, cowpea is mainly cultivated using local popula-
tions (‘landraces’), which exhibit wide variability, so that they
are well adapted to a variety of soil and climatic conditions,
or are able to produce satisfactory yields under low-input
farming systems.6 It is of interest that about 64% of a total of
more than 30 000 accessions of the Vigna unguiculata species
that are characterized and preserved in genebanks around the
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world are local populations/accessions, whereas only 5.7% are
improved cultivars or breeder lines (data provided by Genesys
PGR, https://www.genesys-pgr.org/acn/search?q= cowpea). Thus
the collection, characterization and preservation of these acces-
sions are of major importance for this valuable genetic material,
which can be used either as source of new cultivars with improved
features or as a gene pool of useful traits in breeding programs.
However, to date, the main objectives of most cowpea breeding
programs has been to increase yields or improve resistance to
diseases and pests, while the quality, dietary or antinutritional
properties of the improved varieties have gained hardly any
attention.7

To our knowledge, there is no published information on the
bioactive compounds of cowpea fresh pods, and the respective
data on the physicochemical properties of pods are scarce.8

Therefore, this study was commissioned to analyze several
morphological, quality, dietary and antinutritional charac-
teristics of the fresh pods of 37 cowpea accessions grown in
southern Europe.

MATERIALS AND METHODS
Plant material
Thirty-six cowpea accessions and one commercial variety (V.
unguiculata ssp. unguiculata and V. unguiculata ssp. sesquipedalis),
of which nineteen originated from Portugal, nine from Spain,
and nine from Greece (supporting information, supplementary
Table S1), were cultivated in the experimental field of the Labo-
ratory of Vegetable Production at the Agricultural University of
Athens, Greece (37∘ 59′ 10′′ N, 23∘ 42′ 29′′ E, altitude 24 m), in
spring–summer 2014. Details on the cultivation techniques and
conditions are given by Lazaridi et al.9

Determination of the suitable stage for harvesting
and morphological traits of fresh pods
The suitable harvest stage of fresh pods from each acces-
sion/variety to be consumed as vegetables was defined as days
from anthesis to the stage when pods had reached their maximum
possible length, but retained their green colour and tenderness.
Flowers were tagged at the anthesis stage, while pods from two
plants per replicate (four replicates per tested genotype) were
harvested at the suitable growth stage, immediately transferred
to the laboratory, where their length (cm) was measured and
fresh weight (FW; g) recorded using a laboratory scale with an
accuracy of 0.01 g (model PM 600, Mettler-Toledo Inc., Greifensee,
Switzerland). For all measurements, 6–10 pods (20–40 g of pods)
were used per replicate in each tested accession. In the accession
BGE038474 the yield of pods was minimal, so that most of the
assessments could not be performed due to the lack of plant
material.

Assessment of quality, dietary and antinutritional
characteristics of fresh pods
Sample preparation
All pods were transferred to liquid nitrogen within 15 min after
harvesting, homogenized in a Waring blender and kept in glass
vials at −80 ∘C until use for chemical analyses. All subsequent
analyses were performed with fresh homogenized samples of
cowpea pods, using four replicates per accession, each repli-
cate consisting of pods originating from a respective replicate
in the field.

Total soluble solids content (TSSC) and titratable acidity (TA)
The TSSC of fresh pods was measured from the juice of the
homogenized samples at 20 ∘C using a portable refractometer
(model HR32B, Schmidt & Haensch GmbH & Co., Berlin, Germany).
TA was determined by titration with NaOH in water extracts of
homogenized samples, up to pH 8.1, and results were expressed
as mg malic acid kg−1 FW.

Content of chlorophyll and carotenoids+ xanthophylls
The green colour of pods was assessed by measuring the
chlorophyll content in acetone extracts of homogenized sam-
ples, following the methods of Arnon10 and Lichtenthaler and
Buschmann.11 Absorbance of the extracts at 663 and 647 nm
was measured in a spectrophotometer (model Lambda 1A,
PerkinElmer, Waltham, MA, USA) and the chlorophyll content was
calculated according to the equations referred by Lichtenthaler
and Buschmann.11 Carotenoids+ xanthophylls were quantified
in the same extracts by measuring the absorbance at 470 nm,
according to the method of Lichtenthaler and Buschmann.11 The
chlorophyll and carotenoids+ xanthophylls levels were expressed
as mg kg−1 FW.

Total phenolics content
Total phenolics were quantified using the Folin–Ciocalteu
method12 in methanolic extracts. The homogenized samples
were mixed with 80% (v/v) methanol in water, the mixtures were
stirred for 2 h at room temperature and, after centrifugation, the
supernatants were decanted and the pellets were resuspended
in 80% methanol, following the same procedure. The combined
supernatants were used for measurements according to the
Folin–Ciocalteu method, and absorbance was measured in a
spectrophotometer at 765 nm. Gallic acid was used as standard
and the results were expressed as mg gallic acid equivalents (GAE)
kg−1 FW.

Total antioxidant activity
Total antioxidant activity based on the DPPH and ferric reduc-
ing antioxidant power (FRAP) methods was measured using the
methanolic extracts used for the assessment of total phenolics.

The antioxidant activity was measured using the scavenging
capacity of the samples towards DPPH radical (2,2-diphenyl-1-
picrylhydrazyl), based on the method of Brand-Williams
et al.13 For this, 0.1 mL extract was added to 3.9 mL DPPH
solution (0.06 mmol L−1), mixed and kept for 10 min in the
dark at room temperature. Absorbance of the solution was
measured at 515 nm in a spectrophotometer, and Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) solu-
tions (0–35 μmol L−1) were used as reference. Results were
expressed as μmol Trolox equivalents (TE) kg−1 FW.

For the assessment of total antioxidant activity using the FRAP
assay, the method described by Benzie and Strain14 was followed.
A 0.05 mL extract was mixed with 3 mL freshly prepared FRAP
reagent and, after maintaining the solution at 37 ∘C for 30 min, its
absorbance was measured at 593 nm in a spectrophotometer at
room temperature, using ascorbic acid solutions (0–1 mmol L−1) as
standards. The results were expressed as mmol ascorbate kg−1 FW.

Protein content
Total proteins were quantified by the Bradford method,15 using
1 mL homogenized samples diluted in 5 mL extraction solution
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(100 mmol L−1 Tris–HCl, pH 7.5; 4 mmol L−1 reduced glutathione;
4% soluble PVP (Sigma-Aldrich PVP-40)). The mixture was kept
at 5 ∘C in the dark for 2 h. After centrifugation (5300× g, 15 min,
10 ∘C), 0.1 mL of the supernatant was used for protein analysis.
Absorption was measured at 595 nm using a spectrophotometer,
and bovine serum albumin (BSA) solutions of known concentra-
tions were used as reference. Results were expressed as g protein
kg−1 FW.

Nitrate content
Homogenized samples were mixed with deionized/distilled water
and, after incubation at 45 ∘C for 1 h and centrifugation (5300× g,
15 min, 22 ∘C), the supernatants were used for the quantification of
nitrates following the method of Cataldo et al.16 Absorbance was
measured in a spectrophotometer at 410 nm, using KNO3 solutions
of known concentrations as reference. The results were expressed
as mg NO3

− kg−1 FW.

Identification and quantification of soluble sugars
Soluble sugars were resolved, identified and quantified by
high-performance liquid chromatography (HPLC), using a revised
version of the method described by Piccaglia and Galleti.17 In
brief, soluble sugars were extracted by washing the homogenized
samples three times with 80% ethanol, combining the super-
natants and removing ethanol by evaporation using an N2 stream
while keeping the tubes in a water bath at 65 ∘C. Sugars were
dissolved in H2O (HPLC grade), and the solutions were filtered
using syringe filters of 0.2 μm pore size (Chromafil PET 20/15 MS,
Macherey-Nagel GmbH & Co. KG, Düren, Germany) and kept in
Eppendorf tubes at −80 ∘C until analysis by HPLC.

Sugars were resolved and quantified using a Shimadzu Promi-
nence HPLC system (Shimadzu Corporation, Kyoto, Japan)
equipped with a refractive index detector (model ERC-7511, Erma
Inc., Tokyo, Japan) and either a Supelco Supelcosil LC-NH2 column
(25 cm× 4.6 mm i.d.; Sigma-Aldrich, St Louis, MO, USA) to resolve
glucose, fructose, sucrose and maltose, or a Phenomenex Rezex
RPM Monosaccharide Pb+2 column (30 cm× 7.8 mm i.d.; Phe-
nomenex Inc., Torrance, CA, USA) to analyze the raffinose-family
oligosaccharides (RFOs: raffinose, stachyose, verbascose). In the
Supelco column, which was kept at a temperature of 30 ∘C, a
mixture of 80% acetonitrile and 20% HPLC grade H2O (Fisher
Scientific, Hampton, NH, USA) was used as mobile phase at a flow
rate of 1 mL min−1. In the Phenomenex column, which was kept
at 75 ∘C, 100% HPLC-grade H2O was used as mobile phase at a
flow rate of 0.6 mL min−1. In both cases the injection volume was
20𝜇L. Sugars were identified by their retention times in relation
to known standards and the results were expressed as g kg−1

FW. Individual RFOs were not distinctly resolved, and so total
RFOs were measured and quantified using stachyose standards
of known concentrations, since stachyose was found to be the
predominant RFO sugar in all the samples. The detection level
was 50 mg L−1 for fructose, glucose, sucrose and maltose, and
30 mg L−1 for total RFOs.

Starch content
Starch quantification in cowpea pods was based on the methods
of Dekker and Richards and Barham and Trinder.18,19 In order to
remove any trace of soluble sugars from the pellets left after the
extraction of sugars, the sugar extraction procedure was repeated
three times and all supernatants were discarded. Washed pellets

were treated with NaOH for the gelatinization of starch, and neu-
tralized by acetic acid. Supernatants were mixed with amyloglu-
cosidase solution (A7420, from Aspergillus niger, 30–60 units mg−1

protein; Sigma-Aldrich), and after 1 h incubation NaOH was added
to terminate the amylolytic activity of amyloglucosidase. In this
solution, glucose was quantified, using the GOD-POD colorimet-
ric method. Starch solutions of known concentrations (0–1 g L−1)
were used as reference and the results were expressed as g starch
kg−1 FW.

Statistical analysis
All data obtained from the morphological and chemical assess-
ments were analyzed by applying one-way analysis of variance
following a completely randomized design with thirtyseven treat-
ments (varieties/accessions) and four replicates per treatment.
Means were separated by Tukey’s HSD test, (P < 0.05). All possible
correlations among measured variables (quality or dietary char-
acteristics) were assessed to ascertain whether there were similar
trends in the performance of the various accessions in each vari-
able. Pearson’s correlation coefficients (r) were statistically evalu-
ated using the t-test.

Data from the chemical analyses were subjected to cluster anal-
ysis to test for the presence of groups among the accessions
showing similar quality or dietary characteristics. The parameters
selected as variables for sorting accessions into groups/clusters
were sensory characteristics (using TSSC and TA), colour (chloro-
phyll and carotenoids+ xanthophylls content), antioxidant activ-
ity (total phenolics content and total antioxidant activity, assessed
by FRAP and DPPH methods), soluble sugars content (glucose,
fructose, sucrose and maltose) and antinutritional factors (content
in RFOs and nitrates). All statistical tests were performed using
the StatGraphics Centurion XVI statistical package (StatPoint Tech-
nologies Inc., Warrenton, VA, USA).

RESULTS AND DISCUSSION
Suitable stage for harvesting and pod morphological
characteristics
The pods reached commercial maturity 8–10 days after anthesis
(DAA) in all accessions of ssp. unguiculata, and 10–12 DAA in
all accessions of ssp. sesquipedalis (data not shown). Harvesting
pods at 14 DAA provided the greatest pod weight and length, but
resulted in loss of tenderness and juiciness, and accumulation of
fibers (data not shown). These data agree with Omueti et al.20 in
Nigeria, who reported that green cowpea pods harvested 7–10
DAA were of optimal quality and dietary characteristics, whereas
those harvested at 10–14 DAA were larger and had a higher dry
matter content.

Pod FW ranged between 3 and 6 g in the accessions of ssp.
unguiculata, whereas it was significantly heavier (8–17 g) in ssp.
sesquipedalis, with the exception of the accession BGE040818,
which produced pods of comparable weight to the ssp. unguicu-
lata (Fig. 1). Accordingly, pod length in the ssp. unguiculata acces-
sions ranged between 11 and 20 cm and in the ssp. sesquipedalis
between 30 and 60 cm (data not shown).

Sensory characteristics (TSSC and TA)
Large variations in TSSC (Fig. 2) and TA (data not shown) were
observed among the accessions. TSSC (Fig. 2) exceeded 5 ∘Brix
in all accessions and in some cases reached 6.5 ∘Brix (Cp 4877,
Vg59, AUA2) and even 7.6 ∘Brix (Cp 5647) – values comparable to
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Figure 1. Mean FW (g) of cowpea fresh pods from 37 accessions/varieties originated from southern Europe and harvested at the suitable stage for
consumption as vegetables. Bars are mean± standard deviation (n= 4). Means followed by different letters do not differ significantly (P < 0.05, Tukey’s
HSD test).
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Figure 2. TSSC (∘Brix) of cowpea fresh pods from 37 accessions/varieties originating from southern Europe and harvested at the suitable stage for
consumption as vegetables. Bars are mean± standard deviation (n= 4). Means followed by different letters do not differ significantly (P < 0.05, Tukey’s
HSD test).

those of snap bean (Phaseolus vulgaris L.).21 TA ranged between
1.7 and 2.8 g malic acid kg−1 FW, which is also comparable to the
values reported for snap bean.22 Unlike the size characteristics of
pods (weight and length), the determinations of TSSC and TA did
not show any consistent differences between the accessions of
ssp. unguiculata and ssp. sesquipedalis. As sugars and acidity are
both key components in fruit taste,23 and high levels of both TSSC
and TA are determinants of a satisfactory taste, especially in fleshy
fruits, pods from accessions Cp 5647 and Cp 4877 would probably
be preferred by consumers (having the highest values in both
TSSC and TA), whereas Vg 52, which exhibited the lowest values,

might be the least popular. However, no correlation was found
between the TSSC and TA content in pods of any of the tested
accessions.

Soluble sugars content
The soluble sugars profile of cowpea pods was complex, consisting
of monosaccharides (glucose, fructose), disaccharides (sucrose,
maltose) and RFOs (mainly stachyose, secondly raffinose and,
in some accessions, traces of verbascose), as well as a number
of non-identified sugars (supporting information, supplementary
Fig. S1). A comparison of the total area of all chromatogram peaks
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Table 1. Content of fructose, glucose, sucrose, maltose and starch (g kg−1 FW) of cowpea fresh pods of 37 accessions/varieties harvested at the
suitable stage for consumption as vegetables

Landrace/variety Fructose Glucose Sucrose Maltose Starch

Cp 4877 6.82± 1.35ab 10.82± 1.55a 2.26± 0.25c–i 0.929± 0.109a–d 2.45± 1.08c–k
Cp 4906 4.37± 0.54c–j 7.20± 0.78b–g 0.96± 0.14 h–j 0.565± 0.042c–g 3.21± 0.47c–i
Cp 5051 2.93± 0.69 h–m 5.78± 1.24c–j 1.14± 0.20f–j 0.722± 0.099a–g 2.79± 0.68c–k
Cp 5128 1.63± 0.24 m 4.02± 0.59 fg–j 2.96± 0.26c–e 0.937± 0.277a–d 3.33± 1.16c–h
Cp 5129 1.79± 0.08 lm 2.47± 0.23j 1.29± 0.17f–j 0.575± 0.042c–g 0.31± 0.12 k
Cp 5131 2.49± 0.43i–m 5.14± 0.66d–j 2.45± 0.47c–h 0.944± 0.043a–c 4.99± 0.76b–d
Cp 5553 2.40± 0.37j–m 3.90± 0.89 g–j 1.94± 0.52c–j 0.874± 0.237a–e 2.91± 0.14c–k
Cp 5556 7.09± 0.36a 8.32± 1.60a–d 1.73± 0.48c–j 0.835± 0.117a–e 1.83± 0.51f–k
Cp 5647 5.77± 0.60a–c 9.75± 1.16ab 0.52± 0.09j 1.053± 0.213ab 0.48± 0.15i–k
Cp 5648 3.03± 0.17 g–m 5.41± 0.40c–j 1.39± 0.16e–j 0.656± 0.150b–g 4.01± 1.68b–f
Vg50 3.69± 1.11d–l 6.32± 1.57c–i 2.34± 0.57c–i 0.676± 0.053b–g 3.17± 0.91c–j
Vg52 4.41± 0.58c–i 6.26± 1.12c–i 2.02± 0.28c–j 0.723± 0.042a–g 1.73± 0.55f–k
Vg56 3.08± 0.13 g–m 5.04± 0.29d–j 1.56± 0.05d–j 0.664± 0.018b–g 0.92± 0.21 g–k
Vg59 1.78± 0.47 lm 3.55± 0.71 h–j 2.38± 0.26c–i 0.689± 0.062a–g 5.22± 0.34bc
Vg60 2.03± 0.34 k–m 3.57± 0.74 h–j 1.55± 0.17d–j 0.652± 0.080b–g 4.72± 0.17b–e
Vg65 3.53± 0.45e–m 5.70± 0.95c–j 2.61± 0.58c–h 0.827± 0.172a–e 2.37± 0.79d–k
Vg67 3.01± 0.40 h–m 5.12± 1.24d–j 1.11± 0.15f–j 0.809± 0.163a–e 2.58± 0.37c–k
Vg69 3.13± 0.49f–m 5.60± 0.91c–j 1.01± 0.48 g–j 0.735± 0.157a–g 3.12± 0.87c–j
Vg72 3.95± 0.84c–k 6.51± 1.43b–i 1.44± 0.20d–j 0.812± 0.140a–e 0.91± 0.70 g–k
BGE022146 4.50± 0.58b–g 7.14± 0.41b–g 2.70± 0.56c–f 0.838± 0.089a–e 1.79± 0.35f–k
BGE038474 NA NA NA NA NA
BGE038478 2.77± 0.66 h–m 4.12± 0.91e–j 1.74± 0.40c–j 0.697± 0.001a–g 3.37± 0.33c–h
BGE038479 2.95± 0.74 h–m 6.92± 1.00b–h 5.98± 2.02b 1.124± 0.161a 0.85± 0.26 g–k
BGE039238 3.20± 0.80e–m 5.80± 1.46c–j 3.36± 0.39c 0.315± 0.047 g 2.03± 0.13e–k
BGE040000 4.90± 0.33b–h 6.42± 1.76b–i 3.10± 0.55 cd 0.541± 0.105c–g 3.54± 0.96c–g
BGE040818 4.45± 0.50c–i 7.38± 0.63b–f 1.35± 0.46e–j 0.530± 0.132c–g 2.43± 0.79c–k
BGE044375 5.58± 0.65a–d 8.78± 0.97a–c 2.66± 0.41c–g 0.505± 0.081d–g 2.82± 0.56c–k
Vi4 4.50± 0.58c–h 8.81± 1.26a–c 1.95± 0.25c–j 0.474± 0.035e–g 1.72± 0.15f–k
AUA1 3.11± 0.23f–m 4.97± 0.41d–j 1.82± 0.74c–j 0.540± 0.089c–g 6.62± 1.52b
AUA2 2.43± 0.68j–m 7.66± 0.72a–e 5.59± 0.70b 0.780± 0.117a–f 9.96± 1.03a
AUA4 5.07± 0.69b–f 7.22± 1.01b–g 1.68± 0.07d–j 0.808± 0.024a–e 0.40± 0.14jk
AUA6 3.27± 0.49e–m 4.72± 0.29e–j 1.65± 0.09d–j 0.623± 0.025b–g 2.60± 0.25c–k
AUA7 2.26± 0.58 k–m 3.22± 0.99ij 1.79± 0.38c–j 0.657± 0.156b–g 5.13± 0.87b–d
AUA18 2.96± 0.52 h–m 4.53± 0.20e–j 1.98± 0.20c–j 0.729± 0.178a–g 3.59± 0.91c–g
AUA20 5.15± 0.83a–e 10.87± 1.46a 0.72± 0.09ij 0.600± 0.029c–g 0.59± 0.31 h–k
AUA21 3.89± 0.45c–k 4.65± 0.96e–j 1.13± 0.36f–j 0.752± 0.093a–g 9.96± 0.92a
AUA23 3.67± 0.69e–l 7.40± 1.43b–e 9.48± 0.26a 0.393± 0.046 fg 10.18± 0.12a

Data are mean± standard deviation (n= 4). Means in columns followed by different letters do not differ significantly (P < 0.05, Tukey’s HSD test). ND,
not detected; NA, not available.

with the respective area of the peaks identified as known sugars
revealed that about 60–80% (depending on the accession) of the
total amount of sugars in each chromatogram were identified
and quantified. As a result, the sum of individual sugars (Table 1
and Fig. 5) did not correlate with pod TSSC, since the sum of
quantified sugars represents only a part of the total soluble sugars
content in each variety/accession, and its contribution to total
sugars depends on the tested accession. Although all quantified
sugars were present in pods from all accessions, the respective
chromatograms varied considerably, suggesting large differences
not only in the sugar content but also in the number and quantity
of non-identified ones.

Pods from all accessions contained more glucose
(2.47–10.87 g kg−1 FW) than fructose (1.63–6.82 g kg−1 FW)
and a close correlation between glucose and fructose content was
observed (r = 0.84, significant at P < 0.001). The sucrose content

(0.52–9.48 g kg−1 FW) was less than that of fructose (except in
Vg59, BGE038479, BGE039238, AUA2 and AUA3), whereas the mal-
tose content (0.31–1.12 g kg−1 FW) was invariably lower compared
to that of sucrose (except in Cp 5647) (Table 1). Cowpea pods are
therefore different in this respect from those of snap bean, which
are reported to contain more fructose than glucose, followed by
sucrose.24 As fructose is almost twice as sweet as glucose, cowpea
pods are expected to have a less sweet taste than those of snap
bean with similar total sugar levels. Apart from glucose–fructose,
all other sugar combinations showed no correlation. The acces-
sions AUA20, Cp 4877, Cp 5556, BGE044375, AUA23 and Cp 5647
exhibited the highest sum of the sugars quantified.

Starch content
Significant differences were observed in the starch content
among the tested genotypes (0.31–10.18 g kg−1 FW, Table 1).

J Sci Food Agric (2017) © 2017 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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Figure 3. Total soluble proteins content (g kg−1 FW) of cowpea fresh pods from 37 accessions/varieties originated from southern Europe and harvested at
the suitable stage for consumption as vegetables. Bars are mean± standard deviation (n= 4). Means followed by different letters do not differ significantly
(P < 0.05, Tukey’s HSD test).

Greek accessions (AUA2, AUA21 and AUA23) accumulated starch
at significantly higher levels than those from Spain and Portugal,
although their content in soluble sugars was also high. Again,
no relationship between individual or total sugars and starch
content was evident. Since starch in the pods of legumes mainly
accumulates in the developing seeds, its content in cowpea pods
starts to increase considerably at 9 DAA, which corresponds to
a quick onset of seed development.20 The high starch content
possibly indicates excessive development of seeds in relation to
pod walls, a negative quality characteristic in the fresh pods of
cowpea and snap beans. As in snap beans, the percentage of
seeds to pod walls can be used as a good index of pod maturity.25

Consequently, a low starch content might be used as a criterion to
select cowpea accessions with small seeds in relation to pod coat
at the stage suitable for pod harvest.

Soluble proteins content
It is known that pods and immature seeds of legumes contain
lower amounts of proteins than dry seeds of the same species.26

Nevertheless, with a protein content of 16.2–32.9 g protein kg−1

FW (Fig. 3), cowpea pods could be considered moderately high
to rich in proteins compared with other legume vegetables. Com-
pared with cowpea pods, snap bean pods contain a significantly
lower amount of proteins (on average 18 g kg−1 FW, which is 25%
less than that found in cowpea pods in this study), while pea
green pods (Pisum sativum L.) have a similar range. Only the imma-
ture green seeds of pea and broad bean (Vicia faba L.) have a
higher protein content (120% and 190% higher, respectively)27

than that of cowpea pods, but the former need an extra growth
period to reach harvest stage. In particular, pea and broad bean
plants are ready for harvest after 2.5–3.5 months from sowing and
seeds need more than 3 weeks from anthesis to reach commer-
cial maturity.28 Thus cowpea pods need a much shorter time to be
produced and therefore much lower inputs. Protein content is one
of the most important dietary features in legumes and a primary
criterion for genotype selection in breeding programs that aim at
dietary improvement of pulses. However, in the case of fresh pods,

since proteins are accumulated in developing seeds, selection for
its high protein content may result in the selection of pods with a
high seed-to-pod coat ratio, similar to that mentioned for starch,
although no correlation between starch and protein content was
found in this study.

Although large differences were observed among accessions,
the protein content in the accessions of ssp. sesquipedalis was
consistently lower than in most ssp. unguiculata accessions (Fig. 3).

Content of chlorophyll and carotenoids+ xanthophylls
The chlorophyll content was used in this study as an indica-
tion of pod green colour intensity. There were large differences
among the tested accessions (37.5–213.5 mg kg−1 FW) irrespec-
tive of their country of origin (Table 2). However, most of the ssp.
sesquipedalis accessions (BGE039238-Vi4) had a lower chlorophyll
content than most of the ssp. unguiculata accessions, reflecting
their pale-green colour at harvest. Overall, larger pods did not
necessarily have a less intense green colour, as no negative cor-
relation between pod weight and chlorophyll concentration was
found. The carotenoids+ xanthophylls content of pods was low
and varied considerably among the accessions (Table 2). Again,
chlorophyll and carotenoids+ xanthophylls did not show any
correlation.

Total phenolics and antioxidant activity
In most of the accessions tested, the concentration of total phe-
nolics did not exceed 800 mg GAE kg−1 FW, which is comparable
to the respective values reported for snap beans (780 mg GAE
kg− 1 FW).27 Nevertheless, in the accessions Vg52, BGE038478,
BGE03479, AUA18 and AUA21 the total phenolics exceeded
1400 mg GAE kg−1 FW (Table 2). Compared to other common veg-
etables such as tomato, zucchini, cabbage and Brussels sprouts,
cowpea pods have a medium to high content of phenolics,
whereas the respective values in broccoli are reported to be two
to three times higher.29,30

Antioxidant activity, assessed by the FRAP or the DPPH method,
showed a close correlation with the phenolics content (r = 0.96

wileyonlinelibrary.com/jsfa © 2017 Society of Chemical Industry J Sci Food Agric (2017)
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Table 2. Content of total chlorophylls, carotenoids and xanthophylls, total phenolics and antioxidant activity as assessed by FRAP and DPPH
methods, of cowpea fresh pods of 37 accessions/varieties harvested at the suitable stage for consumption as vegetables

Total antioxidant activity

Landrace/
variety

Total chlorophylls
(mg kg−1 FW)

Xanthophylls
+carotenoids(mg kg− 1 FW)

Total phenolics
(mg GAE kg−1 FW)

FRAP method
(mmol ascorbate kg−1 FW)

DPPH method
(μmol TE kg−1 FW)

Cp 4877 137.1± 3.3b–g 12.6± 0.2b–i 618.1± 42.8d–h 1.98± 0.37c–e 23.9± 3.1de
Cp 4906 40.2± 11.0jk 6.4± 1.8e–i 727.0± 27.2c–h 2.22± 0.16c–e 33.0± 1.4de
Cp 5051 62.6± 4.5 h–k 1.8± 0.4i 645.3± 56.1c–h 1.64± 0.03de 12.7± 4.0e
Cp 5128 60.0± 8.3 h–k ND 577.2± 47.2e–h 1.14± 0.08e 21.5± 0.9de
Cp 5129 118.6± 15.3c–h 3.8± 0.7 g–i 794.6± 162.4c–f 2.68± 0.33c–e 51.2± 7.8b–e
Cp 5131 109.3± 14.5c–i 13.6± 3.8b–i 699.2± 50.6c–h 1.55± 0.10de 32.4± 3.0de
Cp 5553 100.0± 8.1c–k 12.3± 0.2b–i 609.6± 65.8d–h 2.12± 0.24c–e 33.3± 3.0de
Cp 5556 125.5± 24.0b–g 20.8± 1.6a–c 839.4± 39.5 cd 2.81± 0.22c–e 39.5± 5.3de
Cp 5647 147.5± 6.5a–e 23.1± 7.4ab 631.7± 34.6c–h 2.15± 0.24c–e 34.7± 2.4de
Cp 5648 105.5± 23.7c–i 15.5± 3.2b–g 693.0± 98.5c–h 2.01± 0.25c–e 28.7± 5.4de
Vg50 108.2± 18.1c–i 29.4± 10.5a 744.6± 39.2c–g 2.38± 0.03c–e 53.1± 3.1b–e
Vg52 99.2± 13.8c–k 22.1± 9.7ab 1425.5± 310.6b 6.07± 0.68a 172.1± 4.8a
Vg56 152.7± 24.7a–d 16.7± 3.1b–e 738.4± 44.2c–gh 2.85± 0.77c–e 42.7± 3.7c–e
Vg59 85.9± 24.3e–k 18.5± 5.6a–d 750.3± 31.7c–g 2.04± 0.17c–e 26.1± 1.3de
Vg60 93.7± 11.4d–k 2.6± 0.5i 521.0± 73.2gh 1.66± 0.23de 41.3± 4.3c–e
Vg65 144.3± 34.6b–e 17.2± 4.8b–e 679.4± 15.8c–h 2.19± 0.13c–e 42.1± 8.0c–e
Vg67 156.3± 39.4a–c ND 679.4± 99.6c–h 2.16± 0.25c–e 51.2± 8.4b–e
Vg69 183.2± 38.5ab 20.9± 3.3a–c 689.6± 49.8c–h 2.37± 0.31c–e 57.2± 5.2b–d
Vg72 154.1± 26.4a–d 18.5± 3.5a–d 801.4± 40.9c–f 2.50± 0.21c–e 43.7± 4.9b–e
BGE022146 136.6± 23.1b–g 4.6± 1.1f–i 645.9± 155.9c–h 2.36± 0.51c–e 41.5± 17.2c–e
BGE038474 112.0± 11.1c–i 10.9± 5.0b–i NA† NA NA
BGE038478 118.0± 6.1c–i 19.2± 1.1a–d 1522.5± 271.9b 6.38± 1.30a 169.5± 29.0a
BGE038479 92.4± 9.2d–k 3.3± 0.3hi 1809.6± 352.5a 7.07± 1.89a 183.2± 40.2a
BGE039238 57.2± 2.4i–k 10.2± 0.9b–i 597.7± 4.3d–h 2.57± 0.05c–e 56.7± 7.8b–d
BGE040000 98.2± 14.6c–k 16.9± 1.1b–e 584.1± 94.6e–h 2.43± 0.43c–e 54.1± 13.6b–e
BGE040818 70.5± 2.0 g–k 8.9± 1.3d–i 871.7± 156.0c 3.82± 0.77bc 85.2± 24.6b
BGE044375 77.0± 14.1f–k 12.3± 2.7b–i 489.3± 60.9 h 2.05± 0.43c–e 47.0± 11.6b–e
Vi4 58.8± 4.4 h–k 9.3± 0.1c–i 627.2± 64.5c–h 2.70± 0.40c–e 55.1± 7.1b–d
AUA1 213.5± 14.9a ND 673.7± 18.8c–h 1.64± 0.18c–e 47.6± 6.5b–e
AUA2 37.5± 2.3 l 5.5± 0.4e–i 570.4± 27.3f–h 1.19± 0.09e 19.0± 2.1de
AUA4 137.2± 26.0b–f 19.5± 4.3a–d 693.4± 93.7c–h 2.59± 0.62c–e 56.8± 12.9b–d
AUA6 103.0± 10.8c–i 15.0± 1.9b–h 767.2± 75.4c–g 2.32± 0.22c–e 41.1± 8.5c–e
AUA7 116.0± 17.2c–i 18.7± 2.4a–d 726.2± 18.6c–h 1.87± 0.16de 47.5± 5.7b–e
AUA18 116.5± 15.8c–i 20.3± 0.9a–d 1475.6± 196.6b 6.51± 1.27a 185.0± 19.8a
AUA20 111.2± 21.1c–i 8.6± 2.2d–i 825.1± 166.4c–e 3.39± 1.11 cd 82.5± 12.8bc
AUA21 102.8± 12.0c–i 16.5± 2.1b–f 1446.5± 153.9b 5.55± 0.57ab 154.2± 13.0a
AUA23 66.6± 10.0 g–k 13.2± 1.0b–i 522.2± 12.0gh 1.87± 0.18c–e 35.4± 3.3de

Data are mean± standard deviation (n= 4). Means in columns followed by different letters do not differ significantly (P < 0.05, Tukey’s HSD test). ND,
not detected; NA, not available.

and r = 0.94 respectively, significant at P < 0.001), and the two
methods also showed a significant correlation with each other
(r = 0.98, significant at P < 0.001). Although several bioactive com-
pounds present in cowpea pods (chlorophyll, carotenoids, ascor-
bic acid etc.) exhibit considerable antioxidant properties, the
results of this study suggest that the high concentration of pheno-
lics may determine the antioxidant activity of cowpea pods, similar
to snap beans. Indeed, the concentration of total phenolics in snap
beans has been reported to be five to six times higher than that
of ascorbic acid,31 which indicates that phenolics provide a major
contribution to their total antioxidant activity.

The total antioxidant activity of cowpea pods found in this study
was comparable to the values reported for snap bean.32 As the

antioxidant activity of snap beans ranks within the top ten of those
measured in common vegetables,33 the results of the present
study suggest that cowpea pods may also exhibit considerable
antioxidant properties. Nevertheless, the antioxidant activity of
snap beans is reported to be 1.5–3 times lower than that of
vegetables with the highest values, particularly pepper, broccoli,
spinach, beet and cauliflower.33

Antinutritional factors
Nitrates
Nitrates in vegetables are widely considered as antinutritional
factors when they accumulate to excessive levels in green and
leafy vegetables, because they pose a potential threat to human

J Sci Food Agric (2017) © 2017 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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Figure 4. Content in nitrates (mg NO3
− kg−1 FW) of cowpea fresh pods from 37 accessions/varieties originating from southern Europe and harvested at

the suitable stage for consumption as vegetables. Bars are mean± standard deviation (n= 4). Means followed by different letters do not differ significantly
(P < 0.05, Tukey’s HSD test).

health.34 In the present study, the nitrate content in cowpea pods
of all accessions ranged from 40.8 to 190.1 mg NO3

− kg−1 FW,
the highest level being determined in the accession Cp 5647
(Fig. 4). These values are considerably lower than those commonly
found in leafy vegetables. For instance, in wild rocket (Diplotaxis
tenuifolia (L.) DC.), the nitrate content may reach values as high
as 9300 mg kg−1.34 Snap bean pods cultivated in Greece showed
a nitrate content (31–159 mg NO3

− kg−1 FW) comparable with
that found in cowpea pods in the present study, which is 6–10
times lower than that commonly found in leafy vegetables (e.g.
443–981 mg NO3

− kg−1 FW in beet leaves).35 Therefore, cowpea
should be characterized as a vegetable with a low nitrate content.

Raffinose-family oligosaccharides
The RFO content of pods was low in most accessions, ranging
between 125.5 and 1229.7 mg kg−1 FW, although in the landrace
Cp 5128 it reached 4871 mg kg−1 FW (Fig. 5). RFOs, which are ubiq-
uitous in legume seeds, cause flatulence in humans due to the
lack of 𝛼-1,6-galactosidase in the intestinal mucosa. Their pres-
ence in considerable amounts in cowpea seeds (up to 53 g kg−1 dry
weight)36,37 poses a constraint to cowpea dietary consumption.8

However, based on the results of the present study, cowpea pods
contain substantially lower levels of RFOs than seeds; therefore,
similar to nitrates, RFOs are not considered an important antinu-
tritional constituent in cowpea pods. This is another feature that
supports the use of this novel food in our diet.

Grouping of accessions according to cluster analysis
The grouping of accessions/varieties using cluster analysis (sup-
porting information, supplementary Table S2) showed that
accessions Cp 4877 and Cp 5647 were classified in one group
due to their higher TSSC and TA values. Furthermore, accessions
Vg52, BGE038478, BGE038479, AUA1 and AUA8 exhibited high
antioxidant activity, while accessions Cp 4877, Cp 5556, Cp 5647,

AUA20 showed high glucose and fructose contents. However,
when classification was based on dietary characteristics (chloro-
phyll, phenolics and protein content), accessions in groups did
not necessarily have similar levels in the above-mentioned dietary
factors, as there were no similar responses of the accessions in
all those dietary factors. No grouping was possible when both
nitrates and RFOs were selected as classification variables, as
accessions showed completely different trends for those two char-
acteristics. Overall, cluster analysis did not indicate differences
in pod quality and dietary characteristics between the tested
accessions that might be related to the country of origin or the
subspecies (unguiculata or sesquipedalis).

In Africa, accessions of ssp. unguiculata are mainly cultivated for
the production of dry seeds, and ssp. sesquipedalis is preferred
for the long, succulent pods; therefore, African ssp. unguiculata
accessions do not produce fresh pods of high quality.38 By con-
trast, the present study indicates that in cowpea accessions from
southern Europe fresh pods of the ssp. unquiculata are of com-
parable or superior quality and dietary properties to those of ssp.
sesquipedalis. This is possibly because ssp. unguiculata accessions
in southern Europe were selected both for the production of seeds
and fresh pods. Thus, as small pods of the ssp. unguiculata are pre-
ferred to the longer pods of ssp. sesquipedalis for postharvest han-
dling, packaging and subsequent use by consumers, they can be
considered as a novel legume vegetable of high potential to enter
the market.

CONCLUSION
Most of the accessions/varieties tested in this study produced fresh
pods of high to superior quality. No considerable differences in
pod quality and dietary value were observed among the acces-
sions of ssp. unguiculata and ssp. sesquipedalis. Similarly, the coun-
try of origin had no significant effect on the quality and dietary
properties of the pods. Cowpea pods were proved to be rich in

wileyonlinelibrary.com/jsfa © 2017 Society of Chemical Industry J Sci Food Agric (2017)
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Figure 5. Content of RFOs (mg kg−1 FW) of cowpea fresh pods from 37 accessions/varieties originating from southern Europe and harvested at the suitable
stage for consumption as vegetables. Bars are mean± standard deviation (n= 4). Means followed by different letters do not differ significantly (P < 0.05,
Tukey’s HSD test).

proteins and phenolics, with high antioxidant activity compared to
that reported for other vegetables, whereas their content in antin-
utritional factors such as RFOs and nitrates was very low.

Cowpea accessions grown in southern Europe could be intro-
duced in the market as a novel legume vegetable and be
considered as valuable genetic material for the production of
cowpea fresh pods of even higher quality and dietary value. The
production of cowpea fresh pods may be expected to increase in
the future as a result of the awareness of consumers for healthy
vegetables and improved preservation methods. Consequently,
accessions from southern Europe may be exploited to produce
new varieties with high yields and superior quality and dietary
properties.

Last but not least, growing cowpea for green pods needs a much
shorter growing season with fewer inputs than other vegetables,
making the crop more sustainable and much more adapted to
several abiotic stresses imposed by climate change.
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