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Abstract

Cowpea ( Vigna unguiculata (L.) Walp) is a legume crop grown worldwide to
provide protein, starch, soluble sugar, amino acids, fatty acids, minerals, and
vitamins for human consumption and animal feed. Soluble sugar is an impor-
tant physiological trait in cowpea seeds. It not only plays an important role in
storability and abiotic stress tolerance in seeds, but also provides energy to the
human body and improves cooking quality by giving a desirable taste and
mouth feel. Therefore, this research aimed to evaluate variation of cowpea
seed soluble sugar content, and assess the soluble sugar content of cowpea va-
rieties with different seed coat colors for cowpea consumers. A total of 113
cowpea genotypes were used, including 89 USDA GRIN germplasm acces-
sions and 24 advanced breeding lines developed from University of Arkansas,
AR, USA. Seed soluble sugar content was measured using a Spectrophotome-
ter by phenol-sulphuric acid method. The results showed that the seed soluble
sugar contents among 113 cowpea genotypes exhibited a wide range varying
from 32.6 mg/g to 86.1 mg/g with an average of 54.5 mg/g. The five highest
soluble sugar contents in seeds were found in the Arkansas cultivar Empire
(86.1 mg/g), USDA germplasm accession P1583202 (84.5 mg/g), Arkansas ad-
vanced breeding line 09-655 (82.1 mg/g), USDA accession PI601085 (81.6
mg/g), and Arkansas advanced breeding line 09-529 (80.9 mg/g), and they can
be used in cowpea breeding programs to develop new cowpea cultivars with
higher seed soluble sugar content. It was also observed that the soluble sugar
contents in Arkansas commercial cultivars and advanced breeding lines were
higher than those in USDA germplasm and the seeds with colorful coat may
have soluble sugar levels desirable by consumers.
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1. Introduction

Cowpea ( Vigna unguiculata (L.) Walp), a legume crop that is grown worldwide,
is beneficial for human consumption, animal feed and the environment [1]-[6].
It was estimated that, the total area under production amounts to about 14 mil-
lion hectares with an annual production of over 5.4 million tones worldwide [7]
[8]. Cowpea is widely distributed throughout the tropics, but Central and West
Africa amounts to 64 percent of the area with about 8 million hectares followed
by about 2.4 million hectares in Central and South America, 1.3 million hectares
in Asia and about 0.8 million hectares in East and Southern Africa [9]. Cowpea
is also grown as a vegetable (both for the leafy greens and the green peas). It
primarily provides protein, starch, soluble sugar, amino acids, fatty acids, min-
erals and vitamins which benefit human health.

The content of soluble sugar is an important physiological trait which influ-
ences cooking quality in seeds and seed production [1] [10] [11] [12]. In fact,
cowpea breeding has to feature traits desired by consumers in the market as well
as farmers. The “sweet” trait, characterized by a sweeter and milder taste could
help broaden cowpea consumption in the market. It not only provides calories as
energy to human body, but also improves the cooking quality by producing a
desirable taste and mouth feel. Additionally, soluble sugar has been proposed to
play an important role in storability and abiotic stress tolerance in seeds, which
are highly sensitive to environmental stresses [13]. Increases in levels of sugar in
seeds have been correlated with the onset of desiccation tolerance during seed
development [14]. Similarly, the loss of these soluble sugars in seeds at the be-
ginning of germination has been found to coincide with the re-acquisition of de-
siccation sensitivity [15]. Seed longevity and development have also been posi-
tively correlated with the level of soluble sugars in seed [16].

However, this seed soluble sugar content characteristic has not received much
attention in the cowpea breeding program, which has been primarily concerned
with increasing yield, pest resistance, draught tolerance, protein content and
other quality characteristics [3] [4] [17]. A few articles have reported on variable
soluble sugar content in different genotypes in cowpea. Baptiste et al (2011) re-
ported three methods measuring soluble sugar content in cowpea seeds [1].
Nassourou et al. (2017) assessed the amount of total soluble sugar among 15 ful-
ly homozygous cowpea cultivars using the phenol sulfuric acid reagent method
[3]. The objective of the present work was to evaluate the soluble sugar content
in cowpea seeds and investigate elite germplasm with desired soluble sugar con-
tents in order to propose a suitable breeding strategy for improving sweetness of

cowpea seeds.

2. Materials and Methods
2.1. Plant Materials

A total of 113 cowpea genotypes (Table 1) were used in this study, including 89

USDA GRIN cowpea accessions and 24 advanced breeding lines from the cowpea
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Table 1. List of cowpea genotypes and their mean soluble sugar content.

Genotypes Genetic background Seed coat color Content (mg/g)
01-1781 AR breeding_line Cream 60.60
07-303 AR breeding_line Red 74.02
09-105 AR breeding_line Cream 68.08
09-1090 AR breeding_line Pinkeye 77.20
09-204 AR breeding_line Browneye 71.17
09-208 AR breeding_line Pinkeye 78.68
09-211 AR breeding_line Pinkeye 69.51
09-393 AR breeding_line Pinkeye 62.20
09-455 AR breeding_line Blackeye 73.99
09-462 AR breeding_line Pinkeye 71.58
09-529 AR breeding_line Blackeye 80.94
09-655 AR breeding_line Pinkeye 82.05
09-671 AR breeding_line Blackeye 72.02
09-686 AR breeding_line Pinkeye 75.42
09-692 AR breeding_line Pinkeye 74.34
09-697 AR breeding_line Pinkeye 61.67
09-714 AR breeding_line Pinkeye 70.21
09-741 AR breeding_line Red Holstein 77.20
AR Blackeye #1 AR cultivar Blackeye 70.24
AR95-348 AR cultivar Red 60.74
Early Acre AR cultivar Cream 54.50
Early Scarlet AR cultivar Pinkeye 65.69
Ebony AR cultivar Black 69.10
Empire AR cultivar Pinkeye 86.05
PI152195 Germplasm Red 41.66
PI152197 Germplasm Red 41.02
PI201498 Germplasm Blackeye 70.16
PI1218123 Germplasm Browneye 48.10
P1220851 Germplasm Browneye 47.83
P1223023 Germplasm Browneye 44.75
PI229734 Germplasm Blackeye 65.39
PI250587 Germplasm Blackeye 74.66
PI253428 Germplasm Black 38.89
PI255765 Germplasm Black 43.49
PI255774 Germplasm Browneye 37.15
PI262179 Germplasm Black 44.43
PI291140 Germplasm Black 49.29
P1292898 Germplasm Black 40.77
PI1293477 Germplasm Black 38.81
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Continued
PI293505 Germplasm Black 39.01
PI293586 Germplasm Black 44.00
P1293587 Germplasm Red 41.34
PI293588 Germplasm Black 41.44
PI311119 Germplasm Red 42.65
PI312210 Germplasm Browneye 47.30
PI339588 Germplasm Black 42.65
PI339599 Germplasm Browneye 46.79
PI339605 Germplasm Red 41.64
PI349674 Germplasm Black 46.08
PI354673 Germplasm Black 50.52
PI354805 Germplasm Red 41.19
PI354832 Germplasm Black 32.55
PI354835 Germplasm Black 39.08
PI354843 Germplasm Black 41.29
PI354854 Germplasm Red 46.80
PI354860 Germplasm Black 39.43
PI354864 Germplasm Black 39.19
PI354865 Germplasm Black 36.26
P1406285 Germplasm Blackeye 45.63
PI406290 Germplasm Browneye 48.28
PI406292 Germplasm Browneye 56.79
PI427093 Germplasm Black 46.75
PI430687 Germplasm Red 50.16
PI548785 Germplasm Blackeye 62.69
PI578902 Germplasm Red 49.77
PI578911 Germplasm Red 45.94
PI582352 Germplasm Black 47.62
PI582353 Germplasm Black 47.20
PI582422 Germplasm Blackeye 67.06
PI582428 Germplasm Blackeye 64.28
PI582466 Germplasm Blackeye 58.37
P1582474 Germplasm Black 38.95
PI582551 Germplasm Blackeye 52.42
PI582573 Germplasm Browneye 71.07
PI582575 Germplasm Black 38.52
PI582702 Germplasm Red 51.58
P1582815 Germplasm Red 42.11
P1582863 Germplasm Browneye 74.92
P1582868 Germplasm Red 40.42
P1582923 Germplasm Blackeye 51.60
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Continued
PI582926 Germplasm Browneye 63.10
P1582942 Germplasm Cream 46.86
PI583195 Germplasm Red 46.04
PI583197 Germplasm Black 46.26
PI583200 Germplasm Blackeye 42.86
PI583201 Germplasm Browneye 63.17
PI583202 Germplasm Browneye 84.53
PI583232 Germplasm Black 47.61
PI1583248 Germplasm Browneye 64.35
PI583250 Germplasm Browneye 62.67
PI583513 Germplasm Blackeye 43.70
PI583551 Germplasm Browneye 62.37
PI592369 Germplasm Cream 46.69
PI592374 Germplasm Cream 46.51
PI1601085 Germplasm Browneye 81.57
PI601682 Germplasm Browneye 79.31
PI608035 Germplasm Blackeye 51.00
P1610520 Germplasm Black 47.92
PI610533 Germplasm Blackeye 45.79
PI610620 Germplasm Black 43.14
P1642160 Germplasm Blackeye 55.56
P1662992 Germplasm Cream 46.33
PI663101 Germplasm Blackeye 61.23
PI663140 Germplasm Cream 45.98
PI663148 Germplasm Blackeye 45.80
PI663151 Germplasm Cream 45.80
PI664515 Germplasm Cream 45.62
PI664517 Germplasm Blackeye 47.80
PI664518 Germplasm Cream 45.45
PI1664519 Germplasm Cream 45.27
PI664524 Germplasm Blackeye 62.49
P1666253 Germplasm Cream 46.15
P1666262 Germplasm Pinkeye 66.85

breeding program at the University of Arkansas, AR, USA. The field experiment

was conducted in three different locations within Arkansas State (Fayetteville,

Alma, and Hope) in 2016. During the growing season, no pesticides or herbi-

cides were sprayed to control pests, diseases, and weeds. Cowpea seeds were

harvested when the color of pods changed and became mature. Seeds were dried

and stored at room temperature until the soluble sugar measurement at labora-

tory.
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Cowpea seed coat color is an important commercial trait to breeders in nur-
sery and consumers in the market because cowpea has a diversity of colorful
seed coats (Figure 1). Six seed color patterns were included in this study: black,

blackeye, browneye, cream, pinkeye, and red color.

2.2. Sample Preparation

Within each location, seeds from each row were bulk-harvested. Seed soluble
sugar content referred to the total sugar content was extracted using the follow-
ing protocol. An 20 g of cowpea seeds of each sample was ground using a coffee
grinder (Hamilton Beach) for 1 min. 2 or 3 g portion of the ground flours was
sieved through 100# (nominal wire diameter 0.1 mm, Seedburo Equipment
Company). 1.0 g of each sample was weighed and then transferred to a 50 ml
microfuge tube. And then 40 ml 80% ethanol was added to each tube, homoge-
nized for 1 min in a vortex and placed in a water bath at 80°C for 20 min. After
this treatment, the tubes were centrifuged at 6000 rpm for 10 min. 2 ml of the

supernatant was then transferred into a 100 ml fresh flask to be diluted 50 times.

2.3. Equipment

GENESYS™ 20 Visible Spectrophotometry (Thermo Scientific USA), an instru-
ment which determines the amount of light absorbed while passing through a
sample, was used to measure soluble sugar in seeds at laboratories, Department

of Food Science, University of Arkansas, Fayetteville, Arkansas, USA.

A: Black Color B: Blackeye Color C: Browneye Color

P1354832, 32.55mg/g Breeding line 09-925 PI583202, 84.50mg/g
80.95mg/g

D: Cream Color E: Pinkeye Color F: Red Color
P1663140, 45.95mg/g Variety Empire 86.05mg/g P1582868, 40.40mg/g

Figure 1. Six seed coat color patterns in cowpea: (A) Black color (ex.
PI354832, 32.55 mg/g); (B) Blackeye color (breeding line 09-925, 80.94
mg/g); (C) Browneye color (PI583202, 84.53 mg/g); (D) Cream color
(P1663140, 45.98 mg/g); (E) Pinkeye color (cultivar Empire, 86.05 mg/g);
and (F) Red color (P1582868, 40.42 mg/g).
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2.4. Standard Curve Establishment

The amount of total soluble sugar was measured by the phenol-sulfuric acid
reagent method [18]. A total of 50 ml of glucose (AR, Sigam-Alorich) stock solu-
tions were prepared at the following concentrations: 0, 10, 30, 50, 70, and 100
pg/ml standard curve for glucose. Then 0 ml; 0.5 ml; 1.5 ml; 3.5 ml; and 5.0 ml of
glucose stock solution were each poured into a 10 ml recipient. 1 ml was taken
from each solution and poured into a test tube for measurement of soluble sugar
content with colorimetric phenol-sulfuric acid by Spectrophotometry.

After many repetitions, a standard glucose curve with concentration 0, 10%,
30%, 50%, 70% and 100% was set up in this study (Figure 2). Six points look
smooth and straight without double to be determined, known as the smooth
curve. The best standard curves having the equation Y = 0.0039X + 0.0235 (R =
0.99878) was achieved and accomplished consummation, where X is absorbance
coefficient at 490 nm wavelength on Spectrophotometer and Y is soluble sugar
content (%) in cowpea seed storage. Daily repeats allowed a soluble sugar stan-
dard curve to be constructed which was used to determine the soluble sugar

concentration in each cowpea sample.

2.5. Quality Assessment

The use of phenol-sulfuric acid with a phenol concentration of 2% provided a
relatively simple and reliable colorimetric method to quantify the total so-
luble-sugar concentration. Spectrophotometer measures the absorbance with

wavelength at 490 nm. Absorbance was estimated using Beer’s law:

abc =log(1,/1)

I incident radiation or radiation transmitted.
I radiation transmitted by the sample.

abc. absorbance of the sample.

a: absorbancy coefficient.

b: path length of the sample.

¢ concentration of the sample.

Glucose standard curves

0.5

0.421
0.4
0.3

0.2

Absorbance

01 0.068 Y =0.0039X + 0.0235 (R* = 0.99878)

0 20 40 60 80 100 120
Concentration (%)

Figure 2. Glucose standard curves was computer generated based on the five standard
concentrations.
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Based on each sample’s absorbent value, the concentration of total soluble
sugar in each cowpea sample was estimated using the regression equation form
the standard curve. Individual extractions were replicated two times for each

sample.

2.6. Date Collection and Analysis

Descriptive statistics including mean, minimum, maximum, variance and stan-
dard error were computed using the “Tabulate” option of JMP Genomics 7 (SAS
Institute, Cary, NC). The distribution graph of the cowpea soluble contents was
drawn using the “Distribution”. Analysis of variance (ANOVA) was performed
using the general linear model (GLM) of JMP Genomics 7. Student T-test at a =
0.05 was used for multiple comparisons of the least square mean (LSM) among

the genotypes and the different seed colors.

3. Results and Discussion
3.1. Soluble Sugar Quantification in Cowpea Seeds

The soluble sugar content of cowpea seeds affects the final flavor of cowpea food
and cowpea-derived products. This work was to use a simple, low-cost, spectro-
photometric method for soluble sugar quantification in cowpea seeds. Signifi-
cant variations were observed for soluble sugar contents in 113 diverse cowpea
genotypes tested in this study (Table 1). The range in soluble sugar contents
among tested samples was from 32.6 mg/g to 86.1 mg/g with an average of 54.5
mg/g, based on the standard cures, indicating seed soluble sugar contents having
wide variations among the 113 cowpea genotypes. Soluble sugar content has a
bimodal distribution (Table 1 and Figure 3).

The result of soluble sugar content in this experiment was apparently higher
than previous report from other studies. Akpapunam et al. (1979) reported that
the average of sucrose contents was 22 mg/g from 13 American cowpea ( Vigna
sinensis) varieties extracted by 70% ethanol [19]. Onigbinde and Akinyele (1983)

—

/1l <

25
20
15
10

Number of genotypes

30 40 50 60 70 80 90
Soluble sugar (mg/g)

Figure 3. Distribution of soluble sugar content in cowpea seeds
among 113 genotypes.
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reported that the average content of the sucrose was 8 mg/g in mature dry seeds
of 20 varieties of cowpea grown in Nigeria [20]. Nassourou ef al (2017) reported
the total soluble sugar content in cowpea seeds using the phenol sulfuric acid
reagent method among 15 cowpea cultivars and observed that the highest values
were 40.79 mg/g (IT93K-693-2) and 40.64 mg/g (BR1) with a mean of 22.31
mg/g [17]. The content of soluble sugar in cowpea seeds in this study was ob-
viously higher than what Onigbinde et a/ (1983) and Nassourou et al (2017)
reported, which may be caused by different cowpea genotypes and extraction
method. The result also was shown higher than that Akpapunam et al (1979)
reported due to their different species.

The top five genotypes with highest soluble sugar content in cowpea seeds
were determined to be “Empire” (86.05 mg/g), PI583202 (84.53 mg/g), 09-655
(82.05 mg/g), P1601085 (81.57 mg/g), and 09-529 (80.94 mg/g). In contrast, the
USDA germplasm accession PI1354832 (32.55 mg/g) and PI1354865 (36.26 mg/g)
had the lowest soluble sugar content among the 113 cowpea genotypes tested.
Overall, the soluble sugar content in Arkansas cultivars and advanced breeding
lines was higher than the USDA germplasm accessions. However, higher soluble
sugar content was also observed in some USDA accessions such as PI583202
(84.50 mg/g) and P1601085 (81.60 mg/g). These results indicated that high level
of soluble sugar content not only can be discovered from released cowpea culti-
vars, but also from cowpea germplasm. These cowpea genotypes with higher so-
luble sugar content will be beneficial to the future breeding program and genetic

improvement for meeting the needs of the market and consumers.

3.2. Compare Seed Soluble Sugar Content in Genetic Background

A highly significant difference (P < 0.001) was observed between Arkansas cow-
pea cultivars/advanced breeding lines and USDA cowpea germplasm accessions
(Table 2). Most of the highest soluble sugar contents are found in Arkansas
cowpea cultivars and advanced breeding lines. The average soluble sugar content
of Arkansas cowpea cultivars/advanced breeding lines was 71.13 mg/g, signifi-
cantly higher than the average soluble sugar content of cowpea germplasm ac-
cessions (50.04 mg/g). Cowpea breeding program in University of Arkansas have
had more than 60 years of history since the first variety “Monarch” was released
in 1956. After selection and enhancement from generation to generation, the

Arkansas cowpea cultivars/breeding lines have developed more closely to

Table 2. Descriptive statistic for soluble sugar (mg/g) by genetic background.

i Prob <
Genetic N Mean StdDev  Min Max  Variance Std Err
background t=0.05
AR cultivar/
X X 24 71.13 7.60 54.50 86.05 57.69 1.55 A
Breeding lines
USDA
89 50.04 11.05 32.55 84.53 121.99 1.17 B
Germplasm
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consumer’s needs, including quality improvement and increasing breeder’s ex-
pectation in seeds. Regardless of intentional or unintentional selection, the seed
soluble sugar content of cowpea cultivars and advanced breeding lines has been
also improved and increased after breeding and genetic improvement in Arkan-
sas State and the Southern region of US (Table 2). These cultivars and advanced
breeding lines exhibited more soluble sugar content and better adaptation to
growing conditions in Arkansas State and the Southern region than USDA

germplasm accessions.

3.3. Soluble Sugar Content Evaluation in Different Seed Color

Cowpea seed coat color is an important morphological character and commer-
cial trait to costumers because of diversity of cowpea seed coat (Figure 4), which
provides various products with colorful seed coat for consumers to choose in
supermarket or grocery stores. In order to represent detailed cowpea seed coat
color description in markets, ix major types of cowpea seed colors were used for
this study: black, blackeye, browneye, cream, pinkeye, and red color. The va-
riance of soluble sugar content in color coat seed was measured using
GENESYS™ 20 Visible Spectrophotometer in this study (Table 1 and Table 3).
The results showed that the pinkeye color cowpea seeds had the highest soluble
sugar content averaging 72.42 mg/g, and the black color cowpea contained the

80 r

70 _I_
“1 e %
0T -] BN

30

Soluble sugar (mg/g)

20

10

Black Blackeye = Browneye Cream Pinkeye Red
Seed coat color

Figure 4. Average soluble sugar content (mg/g) per seed coat color.

Table 3. Descriptive statistics for soluble sugar (mg/g) by seed coat color.

Prob <

Seed Coat Color N Mean StdDev  Min  Max Variance Std Err ¢ = 0.05
Pinkeye 13 7242 7.44 61.67 86.05 55.30 2.06 A
Browneye 19 60.80 13.90 37.15 84.53 193.15 3.19 B
Blackeye 23 59.38 11.39 42.86 80.94 129.76 2.38 B
Cream 13 49.53 7.15 45.27 68.08 51.16 1.98 C
Red 17 49.08 11.30 4042 77.20 127.71 2.74 C
Black 28 43.58 6.62 32.55  69.10 43.87 1.25 C
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lowest soluble sugar, averaging 43.58 mg/g in cowpea seeds. The browneye color
(60.80 mg/g) contained almost similar amount of soluble sugar compared with
that of blackeye color (59.38 mg/g). Overall, the soluble sugar content in pinkeye
color (72.42 mg/g) > browneye (60.80 mg/g) = blackeye (59.39 mg/g) > cream
(49.53 mg/g) > red (49.08 mg/g) > black (43.58 mg/g). This study will inform
consumers to buy which type of the seed color cowpea that fits their needs in

terms of cooking quality and sweetness.

4. Conclusion

A total of 113 cowpea genotypes were measured for their soluble sugar contents
in seeds using Spectrophotometer by phenol-sulphuric acid method in this
study. A wide range of solublesugar content were observed from 86.05 mg/g to
32.55 mg/g with an average of 54.52 mg/g. Commercial cultivars and advanced
breeding lines from Arkansas region, USA contained higher soluble sugar con-
tent than USDA germplasm did. The soluble sugar content changed with the
seed color coat: pinkeye (72.42 mg/g) > browneye (60.80 mg/g) = blackeye
(59.38 mg/g) > cream (49.53 mg/g) = red (49.08 mg/g) > black (43.58 mg/g).
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