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Abstract: This study analyzed the nutrient levels, secondary metabolite contents, and antioxidant
activities of 35 yardlong bean accessions from China, Korea, Myanmar, and Thailand, along with
their key agronomic traits. Significant variations were found in all the parameters analyzed (p < 0.05).
The crude fiber (CFC), dietary fiber (DFC), total protein, and total fat contents varied from 4.10 to
6.51%, 16.71 to 23.49%, 22.45 to 28.11%, and 0.59 to 2.00%, respectively. HPLC analysis showed more
than a 10-fold difference in vitamin C level (0.23 to 3.04 mg/g), whereas GC-FID analysis revealed the
dominance of palmitic acid and linoleic acid. All accessions had high levels of total unsaturated fatty
acids, which could help in preventing cardiovascular disease. Furthermore, total phenolic, tannin,
and saponin contents ranged between 3.78 and 9.13 mg GAE/g, 31.20 and 778.34 mg CE/g, and 25.79
and 82.55 mg DE/g, respectively. Antioxidant activities like DPPH• scavenging, ABTS•+ scavenging,
and reducing power (RP) ranged between 1.63 and 9.95 mg AAE/g, 6.51 and 21.21 mg TE/g, and 2.02,
and 15.58 mg AAE/g, respectively. Days to flowering, total fat, palmitic acid, oleic acid, and TPC were
significantly influenced by origin and genotype differences, while seeds per pod, one-hundred seeds
weight, CFC, DFC, vitamin C, RP, and TSC were not affected by these factors. Multivariate analysis
categorized the accessions into four clusters showing significant variations in most of the analyzed
parameters. Correlation analysis also revealed significant relationships between several noteworthy
parameters. Overall, this comprehensive analysis of biochemical factors revealed diversity among
the different yardlong bean varieties. These findings could have practical applications in industries,
breeding programs, and conservation efforts.

Keywords: antioxidant activity; ascorbic acid; fatty acids; legumes; metabolomics; nutrients;
Vigna unguiculata

1. Introduction

Vigna unguiculata (L.) Walp is one of the most important and popular legumes world-
wide. In particular, two of its subspecies, including V. unguiculata (L.) Walp. ssp. sesquipedalis
(yardlong bean) and V. unguiculata (L.) Walp. ssp. unguiculata (cowpea), are widely grown
and consumed in various regions, including in Africa, Asia, North America, and Eu-
rope [1–3]. These subspecies are preferred for their ability to withstand heat and drought,
making them a favorable choice for cultivation in the face of changing environments and
climate conditions [4–6]. Additionally, they are recognized for their health benefits and
nutritional values [5,7].

Yardlong bean, also called asparagus bean, is characterized by its elongated pods
and is particularly popular in countries in Asia, including Korea, Thailand, Japan, and
China [4,8,9]. In these countries, yardlong beans are often found in various dishes. The
bean’s different parts, such as young pods, mature pods, green seeds, and ripe seeds, are
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used in different ways. They can be consumed raw, cooked with spices, or combined with
other ingredients like vegetables, meat, or seafood [9–11].

Several studies have demonstrated that yardlong beans are rich in essential vitamins
like vitamins A, C, and K, as well as important minerals such as potassium, iron, and
manganese [12,13]. Moreover, the pods are low in calories, making them a nutritious option
for those looking to maintain a healthy diet. Additionally, the beans are high in fiber, which
not only aids in digestion but also helps in regulating blood sugar levels. Compared to
other legumes, yardlong beans have a relatively low fat content, making them suitable
for individuals following a weight management diet [14]. Yardlong beans are also a good
source of protein, providing the body with essential amino acids [15–17]. Yardlong beans
are not only rich in nutrients but also contain bioactive components such as phenolic
acids, flavonoids, and saponins. These substances have diverse biological properties
like antioxidant and anti-inflammatory effects [9,18]. Moreover, due to these beneficial
metabolites, the regular consumption of yardlong beans has been associated with improved
cardiovascular health, reduced cholesterol levels, as well as a decreased risk of chronic
diseases such as cancer and diabetes [5,19,20]. The presence of these bioactive compounds
in yardlong beans also suggests their potential applications in the pharmaceutical and
nutraceutical industries. In summary, the rich biochemical profile of yardlong beans makes
them a valuable addition to a healthy diet, offering a wide array of health benefits [9,12].

Despite having many benefits and desirable qualities, yardlong beans are still one of
the most underutilized legumes [21]. Moreover, factors such as environmental conditions
and genetic variances have a significant impact on the production and quality of yardlong
beans [22,23]. Currently, genetic breeding methods are being used to improve the nutri-
tional content, productivity, and disease resistance of various legumes, including those
belonging to the genus Vigna. These initiatives also seek to tackle global food security
issues and improve human health [12,24]. In this regard, understanding the diversity of
plant genetic materials is essential to comprehend their overall phenotypic characteristics
and set the foundation for future genomics research. Moreover, such information can help
in identifying varieties with unique traits that can be utilized to develop cultivars with
enhanced nutritional value and potential health benefits, ultimately supporting sustainable
production. Unlike many other legumes, however, there is a scarcity of studies that have
investigated a large collection of yardlong beans and their various phenotypic characteris-
tics [6,15,17]. Therefore, this study aimed to assess the nutrient levels (crude fiber, dietary
fiber, total fat, total protein, and vitamin C contents), fatty acids, secondary metabolite
contents (total phenolic, total saponin, and total tannin contents), and antioxidant activities
(DPPH• scavenging activity, reducing power, and ABTS•+ scavenging activity) of 35 yard-
long bean accessions originating from Korea, China, Myanmar, and Thailand along with
their key agronomical traits. To the best of our knowledge, this study is among the first to
statistically investigate how both origin and genotype differences affect these phenotypic
characteristics. Overall, the results of this study may provide valuable insights into the di-
versity of yardlong beans in terms of their biochemical composition, laying the foundation
for future genomic studies.

2. Materials and Methods
2.1. Chemicals and Reagents

The chemicals and reagents utilized in this research were of analytical grade and
used in their original state. Ethanol and sulfuric acid were bought from Fisher Scientific
(Pittsburgh, PA, USA). The rest of the chemicals and reagents, including catechin, gallic
acid, formic acid, L-ascorbic acid, anhydrous sodium carbonate (Na2CO3), Folin–Ciocalteu
phenol reagent, potassium ferricyanide, trichloroacetic acid, vanillin, ferric chloride, 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical, 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt (ABTS), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid,
and fatty acid standards (palmitic acid, stearic acid, oleic acid, linoleic acid, and linolenic
acid), were ordered from Sigma-Aldrich (St. Louis, MO, USA).
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2.2. Plant Materials Collection, Cultivation, and Preparation

The seeds of 35 yardlong bean varieties, consisting of 20 cultivars and 15 landraces,
were sourced from the gene bank at the National Agro-biodiversity Center, Rural Develop-
ment Administration (Jeonju, Republic of Korea). These yardlong beans were originally
collected from Korea (n = 11), China (n = 18), Myanmar (n = 3), and Thailand (n = 3). For
each accession, 25 seeds were sown on plug trays on 3 May 2022. After seventeen days,
9 randomly selected seedlings from each accession were transferred to an experimental
farm located at the center (Jeonju, Republic of Korea) and planted in 80 cm apart rows. The
seedling-to-seedling distance was kept at 30 cm. Field cultivation took place under uniform
growth conditions and lasted until August 2022. The agronomic traits were recorded from
field inspection and laboratory examination during seedling, vegetative, and maturity
stages. Immature pods were harvested at a full green state, freeze-dried in an LP500 freeze
dryer (ilShinBioBase in Dongducheon, Republic of Korea), powdered, and analyzed for
their vitamin C content, total secondary metabolite contents, and antioxidant activities.
Likewise, matured seeds were hand-harvested, freeze-dried, ground into powder, and
analyzed for their nutritional components and fatty acid compositions. All powdered
samples were stored at −20 ◦C when not in use.

2.3. Determination of Nutritional Contents

Standard methods recommended by AOAC were utilized to analyze the nutritional
components, including crude fiber, dietary fiber, total protein, and total fat, as detailed in a
recently reported study [25,26]. The crude fiber content was assessed using a Fiber Analyzer
(FOSS, Hillerod, Denmark) following the modified Henneberg and Stohmann approach.
Likewise, the dietary fiber content was determined through an enzymatic–gravimetric
assay using an Analytical Fibertec E-1023 System from FOSS. The Kjeldahl method was
used to determine the total protein content, which was then calculated by multiplying the
nitrogen content by 6.25. The total fat content was measured utilizing the soxhlet extraction
technique with a Soxtec800 extractor from FOSS and n-hexane as the extracting solvent.
Each analysis was conducted in triplicate, and the results are presented as percentages
relative to the weight of the dried sample.

2.4. Fatty Acid Analysis Using Gas Chromatography

Fatty acid methyl ester (FAME) derivatives were synthesized initially through a direct
methylation method, as detailed previously without any modifications [26]. To analyze the
fatty acids, a QP2010 gas chromatography–flame ionization detector instrument (Shimadzu,
Kyoto, Japan) equipped with an HP-INNOWAX column (30 m × 0.250 mm, 0.25 µm)
was employed. The sample injection volume was 1 µL with a split ratio of 50:1. Helium
was served as a carrier gas at a flow rate of 1.5 mL/min. The detector and injection port
temperatures were each set at 250 ◦C. During analysis, the column temperature was set at
100 ◦C and gradually increased to 170 ◦C at a rate of 60 ◦C/min with a 1 min hold time.
Subsequently, the temperature was raised to 240 ◦C at a 6.5 ◦C/min ramp and maintained
for an additional 1 min, totaling a 16.4 min run time. The LabSolution software version
5.92 (Shimadzu, Kyoto, Japan), was used to analyze the GC chromatograms acquired. The
fatty acids were Identified by comparing retention times to their corresponding external
standards (Figure S1), and their concentrations were calculated as peak area percentages.

2.5. Vitamin C Analysis Using High-Performance Liquid Chromatography

Vitamin C was extracted using a solution of metaphosphoric acid (MPA) as outlined
in a previous study with a few modifications [27]. Specifically, 1 g of powdered sample
was placed in a 15 mL extraction tube and subsequently mixed with 10 mL of a solvent
mixture containing 3% MPA and ethanol in an 8:2 ratio. The mixture was shaken for 45 min
in an ice bath set at 4 ◦C in the dark, followed by centrifugation for 10 min (3134× g, 4 ◦C).
The supernatant was then collected, filtered, and readied for injection. The concentration
of vitamin C was determined using a 1260-Infinity Quaternary High-performance Liquid
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Chromatography system (Agilent Technologies, Santa Clara, CA, USA) with a Zorbax SB-18
column (4.6 × 250 mm, 5 µm) which was maintained at 30 ◦C. The sample injection volume
was 2 µL, and the mobile phase consisted of a mixture of water with 0.1% trifluoroacetic
acid (A) and methanol (B). The gradient condition began at 5% B, increased to 50% in
10 min, and then returned to 5% over another 10 min, with a post-run time of 5 min.
The chromatogram was monitored at 245 nm through a diode-array-detector (DAD), and
the content of vitamin C (in mg/g) was determined using L-ascorbic acid as a reference
standard (Figure S1).

2.6. Determination of Total Metabolite Contents

To measure the total secondary metabolite contents, samples were prepared using
a procedure outlined in a previous study [28]. Initially, 0.5 g of powdered sample was
mixed with 5 mL of 80% aqueous ethanol in a 15 mL extraction tube. The mixture was
then subjected to ultrasonication in a water bath for 45 min at 25 ◦C. After centrifuging
(3134× g, 10 min), the upper layer was preserved, and the remaining residue underwent a
second round of extraction with 2.5 mL of the solvent. The combined liquid supernatant
was used to analyze the total levels of secondary metabolites. The absorbance reading was
recorded using an Eon Microplate Spectrophotometer (Bio-Tek, Winooski, VT, USA) for
each test. The total phenolic (TPC), total tannin (TTC), and total saponin (TSC) contents
were measured according to a recently published protocol [26]. TPC was determined using
the Folin–Ciocalteu method and expressed as milligrams of gallic acid equivalents per gram
of dried sample weight (mg GAE/g), with gallic acid used as a reference standard. The
total tannin content (TTC) was evaluated using the vanillin–HCl method, with catechin as
a standard for calibration curves. TTC was recorded as milligrams of catechin equivalents
per gram of dried sample weight (mg CE/g). The vanillin–sulfuric acid test was used to
measure the total saponin content (TSC), with diosgenin employed to create calibration
curves. TSC was then calculated as milligrams of diosgenin equivalent per gram of dried
sample (mg DE/g).

2.7. Determination of Antioxidant Activities

The samples used to analyze the total amount of secondary metabolites were also
used to assess antioxidant activities, which were measured using in vitro colorimetric tests,
as described in a previously reported study [26]. The DPPH• scavenging activity and the
reducing power were reported in milligrams of ascorbic acid equivalents per gram of dried
sample weight (mg AAE/g), with ascorbic acid as the reference standard. Trolox was
employed as a standard for ABTS•+ scavenging activity, and the results were recorded in
milligrams of Trolox equivalents per gram of dried sample weight (mg TE/g) using the
following formula (Equation (1)).

ABTS•+scavenging activity
(

mg TE g−1DW
)
=

(C × V × Df)
m

(1)

where C is the Trolox concentration (mg/mL) corresponding to the calibration curve of
the sample, V is the sample volume (mL), Df is the dilution factor, and m is the sample
weight (g).

2.8. Statistical Analysis

In this study, all measurements and analyses were carried out in triplicate, unless
specified, and the results are presented as the mean ± standard deviation (SD). Statistical
analysis was performed using an analysis of variance (ANOVA), followed by Duncan’s
multiple range test with xlstat software-2019.2.2 (Lumivero, CO, USA). Box plots and
Pearson’s correlation matrix were computed using R-software (version 4.0.2, r-project,
www.r-project.org). For hierarchical cluster analysis and principal component analysis,
JMP-Pro software version-17 (SAS, Inc., Cary, NC, USA) was utilized.

www.r-project.org
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3. Results and Discussion
3.1. Field Performances and Characteristics of Yardlong Beans

The 35 yardlong bean accessions were characterized by their key agronomic perfor-
mances, including nine qualitative traits and six quantitative traits. Details regarding
each of the agronomical performances of the accessions can be found in Tables S1 and S2,
along with their introduction and/or temporary number (Supplementary Materials). In
summary, the yardlong bean accessions did not show wide differences in their qualitative
agronomic performances. Despite this, the presence of several states in pod color and seed
color, which were scaled based on visual observation, was noteworthy and agreed with
previous studies [4,29]. Regarding quantitative traits, days to flowering (DF) and days
to maturity (DM) were in the ranges of 47–59 days and 69–88 days, with coefficients of
variation (CVs) of 5.76 and 17.78%, respectively. Likewise, yield traits such as pod length
(PL), number of seeds per pod (SPP), and one-hundred seeds weight (HSW) were in the
ranges of 23.80–71.40 cm, 11.20–19.00, and 8.10–22.23 g, respectively. These observed ranges
were comparable with many previous studies [15,29,30]. Early maturing and high-yielding
legumes are of great interest in the breeding program [17,31]. In this study, 22 accessions
had lower DM than the total average (75.63 days). Similarly, 18 accessions had higher PL,
21 accessions had higher SPP, and 17 successions had higher HSW than the average values.
Among these, early maturing cultivars Tichun zhi jiang 28-2, Te xuan zhang tang wang,
and landrace San chi lu, all from China, simultaneously displayed higher SPP, PL, and
HSW than the average values. Therefore, those accessions with desirable properties in
these regards could be valuable resources [17].

3.2. Nutritional Components

The nutritional compositions, including crude fiber (CFC), dietary fiber (DFC), total
protein, and total fat contents, of the 35 yardlong bean accessions are provided in Figure 1.
The CFC and DFC levels ranged from 4.10 to 6.51% and from 16.71 to 23.49%, respectively,
with CVs of 11.07% and 7.46% (Figure 1a). Similarly, the total protein content (Figure 1b)
ranged from 22.45 to 28.11% (CV: 4.21%), and the total fat content ranged from 0.59 to
2.00% (CV: 28.14%) (Figure 1c). The ranges observed in this study were comparable to
those found in previous studies. For instance, Bai et al. [32] found DFC, total protein, and
total fat contents in the ranges of 29.49–38.54%, 17.30–27.23%, and 1.87–3.14%, respectively,
in 24 Chinese cultivars. Onwuliri and Obu [33] also reported a total protein content
ranging from 20.5 to 39.7%, a total fat content ranging from 1.14 to 3.03%, and a CFC
ranging from 1.70 to 4.50% in six cultivars grown in Nigeria. Several other studies also
reported comparable ranges, indicating consistency with the findings observed in this
study [34–36]. Statistical analysis showed significant variations among the yardlong beans
(p < 0.05). Tanjingeun, a Korean landrace, simultaneously displayed the highest CFC and
DFC, with the former being significantly different from the other varieties, while the latter
was significantly different from all others except for Techang jinqili, 901 Zaoshu Jiangdou,
Techang 902 jiangdou, and Gangwonpyeongchang-2003-4, which had the second (21.74%),
third (21.65%), fourth (21.46%), and fifth (21.20%) highest DFC levels, respectively. The
lowest CFC was found in SD 3135, another Korean landrace, and the lowest DFC in Tichun
zhi jiang 28-2, a Chinese cultivar. Regarding protein and fat contents, the cultivar THA-
JSH-2008-81021 from Thailand had the highest, which was significantly different from the
other accessions (p < 0.05). In comparison, the landrace Hei Mei 1 from China showed the
highest total fat content, which was significantly different from the other accessions, except
for the cultivar Chunqiu Hong Jiangdou from China, which had the second highest TF
at 1.94%. On the other hand, the cultivar Man Di Hong Wu Jia Dou from China had the
lowest TP, while the cultivar Yardlong Bean 287/2556 from Thailand had the lowest TF.
Notably, the cultivar Tanjingeun, which had the highest CFC and DFC, had the second-
lowest total fat at 0.69% and the fifth-highest total protein at 26.89%. The consumption
of yardlong beans which are high in fiber is linked to a reduced level of bad cholesterol
and risk of cardiovascular diseases and cancer, as highlighted before [7,12]. Furthermore,
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yardlong beans that are rich in protein and low in fat are desirable, making them excellent
amino acid sources [7]. In this study, 18 accessions showed CFC above the average (4.92%),
15 had higher DFC than the average (19.30%), another 15 had higher total protein content
than the average (25.77%), and 21 had a lower total fat value than the average (1.23%).
Among these, two Chinese cultivars (Taiwan chunqiu hong and Guamian hong jiangdou),
one Korean landrace (Tanjingeun), and one landrace from Myanmar (Tai Htaung Pe Ni)
simultaneously exhibited higher total protein content, CFC, and DFC than the average
values. Interestingly, all except Taiwan chunqiu hong also had lower total fat contents
than the average, suggesting that these accessions could be valuable sources of healthy
nutrition [12].
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Figure 1. Crude fiber and dietary fiber contents (a), total protein content (b), total fat content (c),
and vitamin C content (d) in 35 yardlong bean accessions grown in Korea. Different letters on bars
in a category indicate significantly different mean values between the yardlong bean accessions
(p < 0.05). C: cultivar, CFC: crude fiber content, CHN: China, DFC: dietary fiber content; KOR: Korea,
L: landrace, MMR: Myanmar, TF: total fat, THA: Thailand, TP: total protein.

3.3. Fatty Acid Contents

The fatty acid composition and contents of each yardlong bean variety were analyzed
using GC-FID. As shown in Table 1, all five major fatty acids were detected in each accession
with significantly different levels (p < 0.05). The CVs ranged from 3.36% for linoleic acid to
16.06% for oleic acid. The levels of palmitic acid and stearic acid, which are both saturated
fatty acids, ranged from 29.08% to 32.45% and 3.4% to 5.29%, respectively. Similarly, the
unsaturated fatty acids, including oleic acid, linoleic acid, and linolenic acid, had levels
ranging from 7.88 to 16.36%, 34.39 to 39.26%, and 14.41 to 18.12%, respectively. Compared
to other legumes, V. unguiculata subspecies have low levels of fats, but they contain fatty
acids with varying degrees of saturation and oxidation [7,34]. The analysis of fatty acids
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in this study identified palmitic acid as the primary saturated fatty acid and linoleic acid
as the dominant unsaturated fatty acid in all the yardlong accessions. These observations
were consistent with previous findings [32,37]. Statistical analysis showed that Taiwan
chunqiu hong from China and Gangwonpyeongchang-2003-4 from Korea equally had the
highest palmitic acid, while Tichun zhi jiang 28-2 from China had the lowest (p < 0.05).
Likewise, Gaotian jinguan from China had the highest stearic acid, while the Nan 1 Variety
from Thailand had the lowest (p < 0.05). Regarding unsaturated fatty acids, Te xuan zhang
tang, Yard long Bean 287/2556, and Gyeongnamhabcheon-2019–2 had the highest oleic
acid, linoleic acid, and linolenic acid contents, respectively, with the first two being cultivars
from China and Thailand, and the last one being a landrace from Korea. Tanjingeun also
had the lowest oleic acid content, while Qiu jiang 512 and Techang 902 jiangdou from China
had the lowest linoleic acid and linolenic acid contents, respectively (p < 0.05). In terms of
total fatty acid content (Figure 2), PUFA exceeded TSFA and MUFA in all of the yardlong
bean varieties, which again corroborates with previous observations [32,37]. The presence
of high levels of unsaturated fatty acids makes yardlong beans a good source of fats rich in
omega-3 and omega-6 [7,38]. However, high levels of PUFA may reduce shelf life due to
the oxidative nature of these fatty acids [39]. In this study, the yardlong bean accessions
were found to be unfavorable in this aspect, as indicated by the double bond index, which
ranged from 131.11 to 138.49. On the other hand, the ratio of TUFA to TSFA ranged from
1.73 in Taiwan chunqiu hong to 2.03 in Nan 1 Variety, all having ratios above 0.45. This
suggests that the yardlong bean accessions have the potential to be a valuable source of oil
rich in fatty acids for the prevention of cardiovascular ailments [37,39].

Table 1. Variations in individual fatty acid contents across 35 yardlong bean accessions cultivated in
Korea.

Accession Name
Individual Fatty Acid Contents (%)

DBI TUFA:
TSFAPalmitic Acid Stearic Acid Oleic Acid Linoleic Acid Linolenic Acid

San chi lu 29.58 ± 0.04 o 4.72 ± 0.02 l 14.59 ± 0.03 kl 35.81 ± 0.02 a 15.29 ± 0.04 ijk 132.10 1.92
901 Qingjo jiangdou 29.20 ± 0.04 mn 4.95 ± 0.02 abc 13.74 ± 0.03 ef 37.16 ± 0.12 c–h 14.95 ± 0.12 m 132.92 1.93

Qing jiang 2006 29.26 ± 0.05 mn 5.16 ± 0.02 ab 14.24 ± 0.08 de 36.34 ± 0.06 f–l 15.00 ± 0.08 m 131.92 1.91
Gaotian jinguan 29.66 ± 0.04 ij 5.29 ± 0.02 a 13.62 ± 0.02 ef 36.68 ± 0.04 d–k 14.74 ± 0.04 mno 131.22 1.86

Gyeonggiyonginsujib 32.42 ± 0.10 a 4.01 ± 0.01 ghi 11.09 ± 0.07 h–j 37.03 ± 0.07 c–i 15.45 ± 0.18 jkl 131.51 1.75
Gangwonpyeongchang-2003-4 32.45 ± 0.01 a 4.05 ± 0.02 ghi 11.32 ± 0.02 g–j 36.20 ± 0.06 f–l 15.99 ± 0.08 fg 131.69 1.74
Gangwonpyeongchang-2003-17 32.26 ± 0.08 abc 4.01 ± 0.01 ghi 10.95 ± 0.12 h–l 37.18 ± 0.02 c–h 15.60 ± 0.06 ij 132.10 1.76
Hang xin taikong wu jia dou 29.39 ± 0.10 klm 4.45 ± 0.00 d–g 16.05 ± 0.08 ab 34.71 ± 0.05 kl 15.40 ± 0.08 jkl 131.69 1.96

Techang 908 jiangdou 29.31 ± 0.01 lmn 4.94 ± 0.00 abc 14.54 ± 0.04 cde 36.54 ± 0.07 e–k 14.68 ± 0.08 nop 131.64 1.92
Taiwan chunqiu hong 32.45 ± 0.03 a 4.16 ± 0.02 fgh 10.03 ± 0.04 jkl 38.83 ± 0.12 bc 14.53 ± 0.16 op 131.28 1.73
Techang 902 jiangdou 29.55 ± 0.03 i–l 4.21 ± 0.02 fgh 15.58 ± 0.09 abc 36.25 ± 0.05 f–l 14.41 ± 0.06 p 131.31 1.96

Tai Htaung Pe Ni 32.02 ± 0.07 c 4.43 ± 0.04 d–g 10.49 ± 0.04 i–l 38.52 ± 0.05 bcd 14.55 ± 0.05 op 131.17 1.74
THA-JSH-2008-81021 29.96 ± 0.04 h 3.44 ± 0.04 kl 11.87 ± 0.05 gh 38.06 ± 0.09 b–f 16.67 ± 0.11 c 138.00 1.99

Tanjingeun 32.13 ± 0.06 bc 3.89 ± 0.02 hij 7.88 ± 0.09 m 38.48 ± 0.17 b–e 17.62 ± 0.16 b 137.71 1.78
Jasaekginggori 32.09 ± 0.11 c 4.27 ± 0.01 e–h 11.66 ± 0.04 ghi 35.19 ± 0.12 h–l 16.79 ± 0.26 c 132.41 1.75
Gatggeungong 32.01 ± 0.01 c 4.16 ± 0.03 fgh 11.26 ± 0.04 hij 36.81 ± 0.12 d–j 15.76 ± 0.11 ghi 132.17 1.76

MMR-JYH-2010-90 31.25 ± 0.07 e 3.99 ± 0.01 ghi 9.76 ± 0.04 l 37.54 ± 0.08 b–g 17.46 ± 0.05 b 137.22 1.84
Sung 99 30.80 ± 0.02 f 3.48 ± 0.00 jkl 11.90 ± 0.01 gh 36.35 ± 0.12 f–l 17.47 ± 0.14 b 136.99 1.92

Guamian hong jiangdou 32.08 ± 0.13 c 4.25 ± 0.01 e–h 10.77 ± 0.06 h–l 37.65 ± 0.03 b–g 15.25 ± 0.05 l 131.81 1.75
Qiu jiang 512 29.93 ± 0.08 h 3.61 ± 0.01 ijk 14.05 ± 0.05 de 34.39 ± 0.06 l 18.02 ± 0.05 a 136.89 1.98

Chungbuk Geosan 2011-18 31.72 ± 0.20 d 4.37 ± 0.02 d–g 11.48 ± 0.12 ghi 35.91 ± 0.09 g–l 16.52 ± 0.15 cd 132.87 1.77
Chungbuk Geosan 2011-245 31.54 ± 0.03 d 4.44 ± 0.02 d–g 11.88 ± 0.12 gh 35.92 ± 0.06 g–l 16.22 ± 0.14 ed 132.38 1.78

901 Zaoshu jiangdou 29.32 ± 0.04l mn 4.79 ± 0.01 bcd 13.84 ± 0.12 def 35.77 ± 0.12 g–l 16.28 ± 0.22 de 134.22 1.93
Techang jinqili 29.25 ± 0.08 mn 4.71 ± 0.01 cde 14.16 ± 0.05 de 35.31 ± 0.10 h–l 16.56 ± 0.09 c 134.46 1.94
Nan 1 Variety 29.64 ± 0.04 ijk 3.34 ± 0.02 kl 13.27 ± 0.07 ef 37.16 ± 0.07 c–h 16.59 ± 0.18 c 137.35 2.03

Hei mei 1 29.14 ± 0.09 mn 4.71 ± 0.01 cde 14.24 ± 0.05 de 36.00 ± 0.06 g–l 15.92 ± 0.19 gh 134.00 1.95
Chunqiu hong jiangdou 32.37 ± 0.04 ab 4.29 ± 0.02 e–h 10.35 ± 0.01 i–l 37.50 ± 0.09 b–g 15.49 ± 0.08 jkl 131.82 1.73
Man di hong wu jia dou 29.75 ± 0.06 hi 3.40 ± 0.02 kl 11.86 ± 0.07 gh 38.37 ± 0.05 b–e 16.63 ± 0.07 c 138.49 2.02

Tichun zhi jiang 28-2 29.08 ± 0.05 n 4.00 ± 0.01 ghi 16.08 ± 0.04 ab 34.82 ± 0.03 jkl 16.01 ± 0.08 fg 133.76 2.02
Te xuan zhang tang wang 29.41 ± 0.02 j–m 4.31 ± 0.01 e–h 16.36 ± 0.07 a 35.05 ± 0.06 i–l 14.88 ± 0.02 mn 131.11 1.97

Hei mei huang zi wang 29.36 ± 0.09 lmn 4.57 ± 0.01 c–f 15.08 ± 0.03 bcd 35.02 ± 0.09 jkl 15.97 ± 0.06 fg 133.04 1.95
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Table 1. Cont.

Accession Name
Individual Fatty Acid Contents (%)

DBI TUFA:
TSFAPalmitic Acid Stearic Acid Oleic Acid Linoleic Acid Linolenic Acid

Yard long Bean 287/2556 29.14 ± 0.12 mn 4.30 ± 0.03 e–h 12.01 ± 0.18 gh 39.26 ± 0.06 b 15.28 ± 0.12 kl 136.39 1.99
SD 3135 32.04 ± 0.03 c 4.22 ± 0.02 fgh 11.84 ± 0.09 gh 35.91 ± 0.05 g–l 15.99 ± 0.09 fg 131.64 1.76

KSL 170256 31.27 ± 0.05 e 4.60 ± 0.04 c–f 12.62 ± 0.15 fg 35.83 ± 0.08 g–l 15.68 ± 0.09 hij 131.31 1.79
Gyeongnamhabcheon-2019-2 30.33 ± 0.02 g 4.35 ± 0.06 d–h 10.43 ± 0.12 i–l 36.76 ± 0.11 d–j 18.12 ± 0.05 a 138.34 1.88

Range (Min–Max) 29.08–32.45 3.34–5.29 7.88–16.36 34.39–39.26 14.41–18.12 131.11–138.49 1.73–2.03
Total mean 30.60 4.28 12.60 36.58 15.94 - -

CV (%) 4.18 11.02 16.06 3.36 6.20 - -

Different superscript letters in a column indicate significantly different mean values between the yardlong bean
accessions (p < 0.05). DBI: double bond index, TSFA: total saturated fatty acid, TUFA: total unsaturated fatty acid.
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3.4. Vitamin C Content

The level of vitamin C in each of the yardlong bean accessions was analyzed using
HPLC, and a significant variation was observed among the accessions (p < 0.05). The content
of vitamin C ranged from 0.23 mg/g in the San chi lu landrace from China to 3.04 mg/g in
landrace Chungbuk Geosan 2011-18 from Korea, showing an over 10-fold variation among
the yardlong beans (Figure 1d). The vitamin C content in landrace Chungbuk Geosan 2011-18
was significantly higher compared to other accessions, except for Hei mei huang zi wang
and Techang 908 jiangdou, which had the second (2.91 mg/g) and third (2.87 mg/g) highest
levels, respectively (p < 0.05). Though yardlong beans are generally considered to be rich in
vitamin C compared to other legumes, there has been a lack of thorough analysis across
a wide array of genetic materials [14]. Previous studies found higher levels of vitamin
C in the leaves than in the seeds and pods of V. unguiculata subspecies, recommending
sprouting the seeds to boost the vitamin C content [40–43]. Vitamin C plays a crucial role
in supporting the immune system and maintaining skin health, among others [12,43]. This
study discovered 17 accessions that had vitamin C levels exceeding the average (2.09 mg/g).
Out of these, landraces Gatggeungkong and Chungbuk Geosan 2011-18, along with cultivar
Gangwonpyeongchang-2003-17 from Korea, exhibited higher total protein and dietary fiber
contents and lower fat content than the average levels, making them valuable sources of
healthy nutrition.



Antioxidants 2024, 13, 463 9 of 20

3.5. Total Secondary Metabolite Contents

In addition to their nutrient levels, the yardlong beans were found to have high levels
of polyphenols, with significant differences in the total phenolic, tannin, and saponin
contents. Table 2 presents the total metabolite contents of each yardlong bean accession.
The TPC, TTC, and TSC ranged from 3.78 to 9.13 mg GAE/g, 31.20 to 778.34 mg CE/g,
and 25.79 to 82.55 mg DE/g, respectively, showing approximately 2.4-fold, 25-fold, and
3.2-fold variations. The Chinese cultivar Man di hong wu jia dou exhibited the highest TPC
and TSC, with the former being significantly different from other accessions and the latter
significantly different from all accessions except Guamian hong jiangdou, Taiwan chunqiu
hong, and Tai Htaung Pe Ni, which had the second (81.01 mg DE/g), third (76.06 mg DE/g),
and fourth (75.77 mg DE/g) highest TSC levels (p < 0.05). Similarly, Taiwan chunqiu hong,
another Chinese cultivar, had the highest TTC, which was significantly different from other
accessions. The lowest TPC, TTC, and TSC were found in landraces Chungbuk Geosan
2011-245 from Korea, Sung 99 from Myanmar, and Gyeongnamhabcheon-2019-2 from Ko-
rea, respectively. Compared to cowpeas, the level of secondary metabolites and antioxidant
properties of yardlong beans has hardly been investigated [35,44,45]. Moreover, there were
differences in the plant parts studied, the methods of analysis, and how the findings were
reported, making it challenging to draw direct comparisons. Polyphenols, in general, are
known for their capability to neutralize harmful free radicals in the human body, making
plant varieties with high levels of these substances valuable resources [28,46,47]. In contrast,
tannins found in legumes are regarded as anti-nutrient factors and may hinder protein
digestion, leading to a preference for lower concentrations [21]. In this regard, accessions
like Sung 99, Te xuan zhang tang wang, Tichun zhi jiang28-2, Hang xin taikong wu jia dou,
and Qiu jiang 512, which had much lower total tannin contents (<40.00 mg DE/g), could
be important resources [48].

Table 2. Variations in total secondary metabolite contents and antioxidant activities across 35 yardlong
bean accessions cultivated in Korea.

Accession Name

Total Metabolite Contents Antioxidant Activities

TPC
(mg GAE/g)

TSC
(mg DE/g)

TTC
(mg CE/g)

DPPH
(mg AAE/g)

ABTS
(mg TE/g)

RP
(mg AAE/g)

San chi lu 4.48 ± 0.07 opq 50.58 ± 2.69 efg 41.69 ± 2.19 k 2.87 ± 0.13 j–m 7.22 ± 0.23 mn 3.19 ± 0.20 n–q

901 Qingjo jiangdou 6.18 ± 0.51 e–i 53.22 ± 1.68 d–g 55.85 ± 5.27 jk 3.66 ± 0.28 f–k 9.73 ± 0.64 g–k 4.82 ± 0.12 j–m

Qing jiang 2006 5.12 ± 0.10 jp 50.22 ± 1.62 efg 46.16 ± 1.83 jk 3.07 ± 0.11 h–m 7.60 ± 0.12 k–n 4.03 ± 0.06 l–o

Gaotian jinguan 4.85 ± 0.22 m–p 35.99 ± 0.66 hi 48.32 ± 2.17 jk 3.30 ± 0.26 g–l 7.37 ± 0.64 lmn 2.68 ± 0.27 pq

Gyeonggiyonginsujib 5.29 ± 0.46 i–o 47.65 ± 2.75 fg 124.29 ± 9.90 fgh 4.36 ± 0.14 efg 10.55 ± 0.76 e–i 7.64 ± 0.56 fg

Gangwonpyeongchang-2003-4 5.75 ± 0.43 g–m 67.26 ± 2.69 bc 141.41 ± 11.48 fg 4.64 ± 0.34 def 11.95 ± 1.18 ef 8.20 ± 1.08 def

Gangwonpyeongchang-2003-17 5.71 ± 0.16 g–m 56.17 ± 3.01 def 107.37 ± 0.39 g–j 5.38 ± 0.70 cd 10.54 ± 0.59 e–i 7.29 ± 1.01 fgh

Hang xin taikong wu jia dou 5.07 ± 0.11 k–p 48.70 ± 4.07 efg 37.38 ± 2.31 k 3.88 ± 0.16 f–j 8.53 ± 0.26 i–n 6.17 ± 0.20 hij

Techang 908 jiangdou 5.56 ± 0.33 h–n 53.22 ± 4.73 d–g 53.99 ± 2.78 jk 3.63 ± 0.09 f–k 8.63 ± 0.83 i–n 6.78 ± 0.32 ghi

Taiwan chunqiu hong 8.15 ± 0.47 b 76.06 ± 3.44 ab 778.34 ± 78.94 a 9.95 ± 0.88 a 18.87 ± 1.21 b 15.58 ± 0.68 a

Techang 902 jiangdou 6.21 ± 0.09 e–i 56.03 ± 6.16 def 47.22 ± 2.41 jk 5.17 ± 0.12 cde 10.89 ± 0.11 efg 7.54 ± 0.10 fg

Tai Htaung Pe Ni 7.13 ± 0.45 cde 75.77 ± 1.93 ab 709.42 ± 57.87 b 7.29 ± 0.63 b 18.06 ± 0.54 b 12.83 ± 0.68 b

THA-JSH-2008-81021 6.32 ± 0.13 e–h 63.51 ± 2.79 cd 590.93 ± 33.66 c 4.16 ± 0.21 e–h 14.06 ± 0.69 cd 7.98 ± 0.27 efg

Tanjingeun 6.39 ± 0.41 d–h 59.18 ± 0.25 cde 50.74 ± 5.40 jk 3.04 ± 0.13 i–m 10.77 ± 0.69 e–h 5.72 ± 0.38 ijk

Jasaekginggori 4.67 ± 0.14 n–q 47.78 ± 1.69 fg 140.20 ± 2.94 fg 3.02 ± 0.06 i–m 9.91 ± 0.36 f–j 4.95 ± 0.21 j–m

Gatggeungong 5.92 ± 0.33 g–k 58.75 ± 4.30 cde 147.23 ± 10.11 fg 3.33 ± 0.19 g–l 11.99 ± 1.38 ef 6.19 ± 0.48 hij

MMR-JYH-2010-90 5.88 ± 0.29 g–l 56.21 ± 2.40 def 71.88 ± 1.96 h–k 2.17 ± 0.18 mn 8.31 ± 0.50 j–m 4.84 ± 0.21 j–l

Sung 99 4.17 ± 0.02 pq 51.01 ± 5.57 efg 31.20 ± 4.61 k 3.14 ± 0.03 h–m 8.73 ± 0.62 h–m 4.57 ± 0.78 k–m

Guamian hong jiangdou 6.64 ± 0.44 c–g 81.01 ± 4.03 a 640.97 ± 52.94 c 6.98 ± 0.48 b 15.38 ± 1.07 c 9.48 ± 0.53 cd

Qiu jiang 512 4.72 ± 0.21 n–q 55.13 ± 5.88 def 39.40 ± 2.64 k 3.12 ± 0.35 h–m 8.49 ± 0.17 i–n 5.04 ± 0.09 j–m

Chungbuk Geosan 2011-18 4.55 ± 0.63 opq 54.22 ± 6.38 def 116.51 ± 15.06 ghi 3.58 ± 0.19 f–k 8.77 ± 1.25 h–m 5.09 ± 0.51 j–m

Chungbuk Geosan 2011-245 3.78 ± 0.02 q 53.83 ± 5.31 def 90.15 ± 13.93 g–k 2.36 ± 0.14l mn 6.67 ± 0.26 mn 4.19 ± 0.11 lmn

901 Zaoshu jiangdou 4.94 ± 0.17 l –p 36.80 ± 1.13 hi 48.50 ± 2.11 jk 3.14 ± 0.39 h–m 6.51 ± 0.15 n 4.19 ± 0.27 lmn

Techang jinqili 6.49 ± 1.03 c–h 49.07 ± 3.90 efg 52.79 ± 5.06 jk 4.15 ± 1.56 e–h 8.61 ± 1.47 i–n 5.40 ± 0.85 jkl

Nan 1 Variety 7.33 ± 0.26 bcd 56.43 ± 8.92 def 529.94 ± 17.07 d 6.00 ± 0.98 c 14.98 ± 1.09 c 9.97 ± 0.68 c

Hei mei 1 7.00 ± 0.14 c–f 53.66 ± 0.40 d–g 60.25 ± 1.37 ijk 4.14 ± 0.11 e–h 9.43 ± 0.35 g–l 6.02 ± 0.06 hij

Chunqiu hong jiangdou 6.59 ± 0.80 c–g 57.84 ± 7.49 c–f 619.60 ± 92.35 c 6.97 ± 0.72 b 12.52 ± 1.65 de 9.13 ± 1.54 cde

Man di hong wu jia dou 9.13 ± 0.21 a 82.55 ± 10.54 a 334.63 ± 10.23 e 9.27 ± 1.43 a 21.21 ± 1.90 a 14.69 ± 1.11 a
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Table 2. Cont.

Accession Name

Total Metabolite Contents Antioxidant Activities

TPC
(mg GAE/g)

TSC
(mg DE/g)

TTC
(mg CE/g)

DPPH
(mg AAE/g)

ABTS
(mg TE/g)

RP
(mg AAE/g)

Tichun zhi jiang28-2 5.80 ± 0.26 g–m 49.74 ± 3.15 efg 33.41 ± 3.01 k 4.10 ± 0.34 f–i 8.43 ± 0.66 i–m 5.31 ± 0.37 jkl

Te xuan zhang tang wang 4.94 ± 0.49 l–p 27.42 ± 3.86 ij 31.98 ± 2.14 k 1.66 ± 0.14 n 6.78 ± 0.62 mn 2.02 ± 0.24 q

Hei mei huang zi wang 6.52 ± 0.88 c–h 43.07 ± 5.77 gh 52.23 ± 6.66 jk 3.18 ± 0.52 h–m 12.56 ± 1.94 de 4.21 ± 0.37 lmn

Yard long Bean 287/2556 7.41 ± 0.41 bc 56.95 ± 4.78 def 326.49 ± 25.13 e 5.62 ± 0.39 cd 18.30 ± 0.80 b 9.45 ± 1.19 cd

SD 3135 6.05 ± 0.28 f–j 47.17 ± 1.41 fg 179.53 ± 10.31 f 3.95 ± 0.18 f–j 12.32 ± 0.86 de 6.07 ± 0.58 hij

KSL 170256 4.58 ± 0.15 opq 30.20 ± 2.33 ij 141.37 ± 15.83 fg 2.67 ± 0.27 klm 7.79 ± 0.70 j–n 3.67 ± 0.35 m–p

Gyeongnamhabcheon-2019-2 4.47 ± 0.63 opq 25.79 ± 4.69 j 43.54 ± 5.08 k 1.63 ± 0.13 n 6.70 ± 0.92 mn 2.76 ± 0.26 opq

Range (Min- Max) 3.78–9.13 25.79–82.55 31.20–778.34 1.63–9.95 6.51–21.21 2.02–15.58
Total mean 5.82 53.38 187.57 4.25 10.83 6.51

CV (%) 20.01 24.31 118.36 44.92 34.86 48.17

Different superscript letters in a column indicate significantly different mean values between the yardlong bean
accessions (p < 0.05). ABTS: ABTS•+ scavenging activity, DPPH: DPPH• scavenging activity, RP: reducing power,
TPC: total phenolic content, TSC: total saponin content, TTC: total tannin content.

3.6. Antioxidant Activities

Various in vitro assays are commonly utilized to evaluate the antioxidant capacities of
dietary crops, each presenting distinct radical scavenging mechanisms. Therefore, conduct-
ing multiple assays is essential as a single assay may not offer a comprehensive assessment
of antioxidant properties [47]. In this research, three separate assays were employed, reveal-
ing significant variations in antioxidant activities between the yardlong bean accessions
(Table 2). The DPPH• scavenging activity, ABTS•+ scavenging activity, and RP were in
the ranges of 1.63–9.95 mg AAE/g, 6.51–21.21 mg TE/g, and 2.02–15.58 mg AAE/g, re-
spectively, showing approximately 4-fold, 3-fold, and 8-fold variances. The variations in
values between the assays could be attributed to their different mechanisms of action [47].
Previous studies also showed wide-ranging antioxidant activities in various V. unguiculata
species, although there were discrepancies in the antioxidant assay, sample type, and re-
porting method [35,44,45]. Taiwan chunqiu hong displayed the highest DPPH• scavenging
activity and RP simultaneously, each being significantly different from the rest of the acces-
sions, except for Man di hong wu jia dou, which showed the second highest levels of each
(9.27 and 14.69 mg AAE/g, respectively). Taiwan chunqiu hong also displayed the second
highest ABTS•+ scavenging activity (18.87 mg TE/g). As described before, this cultivar
had the highest TTC, the second highest TPC, and the third highest TSC. Man di hong wu
jia dou, which displayed the highest TPC and TSC, had the highest ABTS•+ scavenging
activity, which was significantly different from the rest of the accessions (p < 0.05). The
lowest DPPH• scavenging activity, ABTS•+ scavenging activity, and RP were found in
Gyeongnamhabcheon-2019-2, 901 Zaoshu jiangdou, and Te xuan zhang tang wang, re-
spectively. Generally, accessions with higher polyphenol contents demonstrated higher
antioxidant properties, while those with lower levels exhibited the opposite trend (Table 2).
Similar findings have been documented in various legumes such as soybeans, common
beans, mung beans, chickpeas, and lentils, once again underscoring the importance of
polyphenols in neutralizing reactive radicals in the human body [49,50].

3.7. Effects of Genotype and Origin Differences

The levels of agronomic traits and biochemical components showed wide variability
in this study, possibly due to genetic differences among the yardlong bean accessions. Ad-
ditionally, disparities in growing conditions, cultivation year, and the number of genotypes
examined could have influenced the differences observed compared to previous studies.
Overall, studying the impact of environmental and genetic factors on the biochemical
characteristics and agricultural traits of crops is crucial for choosing superior varieties and
carrying out genomic studies [51]. In this study, statistical analysis was also conducted to
examine the impacts of genotype and origin variations on the parameters assessed (Table 3).
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Table 3. Variations in agronomic traits, biochemical contents, and antioxidant activities according to
genotype and origin.

Category Variable
Genotype Origin

Cultivar Landrace Thailand Myanmar China Korea

Agronomic
traits

DF (days) 53.50 ± 3.04 b 55.87 ± 2.73 a 56.33 ± 2.05 a 56.67 ± 2.05 a 52.56 ± 2.89 b 56.64 ± 1.55 a

DFM (days) 21.60 ± 3.67 a 20.47 ± 3.77 a 25.67 ± 2.49 a 23.33 ± 5.91 ab 21.22 ± 3.26 ab 19.09 ± 2.27 b

DM (days) 75.10 ± 4.68 a 76.33 ± 4.83 a 82.00 ± 4.24 a 80.00 ± 7.87 ab 73.78 ± 3.49 c 75.73 ± 3.02 bc

PL (cm) 51.96 ± 11.63 a 47.79 ± 9.96 a 44.47 ± 11.45 ab 50.53 ± 9.54 ab 55.36 ± 11.38 a 43.15 ± 4.48 b

SPP (n) 16.04 ± 1.98 a 15.43 ± 1.86 a 14.67 ± 2.50 a 13.73 ± 1.54 a 16.14 ± 1.59 a 16.04 ± 1.97 a

HSW (g) 15.97 ± 2.60 a 15.71 ± 2.63 a 17.79 ± 3.93 a 15.70 ± 2.48 a 15.59 ± 2.11 a 15.82 ± 2.73 a

Nutritional
components

TP (%) 25.65 ± 1.20 a 25.92 ± 0.89 a 26.57 ± 1.11 a 26.36 ± 0.94 a 25.45 ± 1.09 a 25.90 ± 0.87 a

TF (%) 1.33 ± 0.34 a 1.09 ± 0.30 b 1.08 ± 0.40 b 1.01 ± 0.07 b 1.44 ± 0.31 a 0.97 ± 0.14 b

CFC (%) 4.96 ± 0.51 a 4.87 ± 0.59 a 4.92 ± 0.67 a 5.03 ± 0.04 a 5.05 ± 0.42 a 4.68 ± 0.66 a

DFC (%) 19.32 ± 1.33 a 19.27 ± 1.57 a 19.71 ± 0.65 a 19.26 ± 1.12 a 19.27 ± 1.42 a 19.24 ± 1.67 a

Vit C (mg/g) 2.08 ± 0.60 a 2.11 ± 0.65 a 1.94 ± 0.10 a 1.93 ± 0.27 a 2.01 ± 0.76 a 2.32 ± 0.44 a

Fatty acids

PA (%) 30.02 ± 1.16 b 31.39 ± 0.98 a 29.58 ± 0.34 b 31.36 ± 0.50 a 29.89 ± 1.10 b 31.84 ± 0.59 a

SA (%) 4.31 ± 0.56 a 4.25 ± 0.32 a 3.69 ± 0.43 b 3.97 ± 0.39 ab 4.47 ± 0.49 a 4.21 ± 0.21 ab

OA (%) 13.42 ± 1.93 a 11.50 ± 1.58 b 12.39 ± 0.63 ab 10.72 ± 0.89 b 13.84 ± 0.1.86 a 11.13 ± 1.16 b

LA (%) 36.60 ± 1.40 a 36.55 ± 0.95 a 38.16 ± 0.86 a 37.47 ± 0.89 ab 36.23 ± 1.25 b 36.48 ± 0.86 b

LLA (%) 15.65 ± 0.91 b 16.32 ± 0.96 a 16.18 ± 0.64 a 16.49 ± 1.37 a 15.56 ± 0.89 a 16.34 ± 0.82 a

TSFA (%) 34.33 ± 1.17 b 35.63 ± 0.88 a 33.27 ± 0.21 c 35.32 ± 0.89 ab 34.37 ± 1.06 bc 36.06 ± 0.47 a

TUFA (%) 65.67 ± 1.17 a 64.37 ± 0.88 b 66.73 ± 0.21 a 64.68 ± 0.89 bc 65.63 ± 1.06 ab 63.95 ± 0.47 c

PUFA (%) 52.25 ± 1.46 a 52.87 ± 1.39 a 54.34 ± 0.43 a 53.96 ± 0.80 a 51.79 ± 1.21 b 52.82 ± 1.33 a

Total
secondary

metabolites

TPC
(mg GAE/g) 6.18 ± 1.14 a 5.34 ± 1.01 b 7.02 ± 0.50 a 5.73 ± 1.21 ab 6.02 ± 1.21 ab 5.20 ± 0.79 b

TTC
(mg CE/g) 223.78± 253.46 a 139.30± 158.94 a 482.45± 113.06 a 270.84 ± 310.57 ab 167.93 ± 39.55 b 116.58 ± 3.22 b

TSC
(mg DE/g) 54.46 ± 13.58 a 51.94 ± 11.97 a 58.96 ± 3.22 a 61.00 ± 10.66 a 53.35 ± 14.12 a 49.82 ± 11.78 a

Antioxidant
activities

DPPH
(mg AAE/g) 4.82 ± 2.08 a 3.48 ± 1.30 b 5.26 ± 0.79 a 4.20 ± 2.22 a 4.57 ± 2.20 a 3.45 ± 1.03 a

RP
(mg AAE/g) 7.09 ± 3.48 a 5.73 ± 2.39 a 9.13 ± 1.82 a 7.41 ± 4.50 a 6.46 ± 4.06 a 5.62 ± 1.96 a

ABTS
(mg TE/g) 11.504.23 a 9.94 ± 2.83 a 15.78 ± 0.84 a 11.70 ± 3.83 ab 10.49 ± 3.63 b 9.81 ± 1.62 b

Different superscript letters across a row within a category represent significantly different mean values (p < 0.05).
ABTS: ABTS•+ scavenging activity, CFC: crude fiber content, DF: days to flowering, DFC: dietary fiber content,
DFM: days from flowering to maturity, DM: days to maturity, DPPH: DPPH• scavenging activity, HSW: one-
hundred seeds weight, LA: linoleic acid, LLA: linolenic acid, OA: oleic acid, PA: palmitic acid, PL: pod length,
PUAF: total polyunsaturated fatty acid, RP: reducing power, SA: stearic acid, SPP; number of seeds per pod, TF:
total fat content, TP: total protein content, TSFA: total saturated fatty acid, TUFA: total unsaturated fatty acid,
TPC: total phenolic content, TSC: total saponin content, TTC: total tannin content, Vit C: vitamin C content.

In terms of agronomic traits, cultivars generally outperformed landraces in most of the
parameters, with all except for DF and DM being higher in the cultivars. However, statistical
analysis showed that none of the agronomic traits, except for DF, were significantly affected
by genotype differences. In contrast, the difference in origin significantly affected all
except for HSW and SPP (Table 3). Specifically, Chinese accessions were found to be early
flowering and maturing, with average DF and DM of 52.56 and 73.78 days, respectively
(p < 0.05). Likewise, Chinese accessions had the highest average SPP (16.14) and pod length
(55.36 cm) and the lowest average HSW (15.59 g). Overall, the observed results signified
that origin might be a good parameter to assess yardlong beans according to their maturity
and pod-related yield components.

Concerning nutritional components, only total protein and vitamin C contents were
higher in landraces, while the rest, including total fat, CFC, and DFC, were higher in
cultivars. However, all variations were not significant, except for total fat content. Based on
origin, Chinese accessions had the highest average total fat content, which was significantly
different from other origins (p < 0.05). Additionally, Chinese accessions also had the highest
average CFC and the second-highest average DFC, but they had the lowest average total
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protein content. In contrast, Thailand accessions had the highest average total protein
content and DFC, while Korean accessions had the lowest average total fat content, CFC,
and DFC. Nevertheless, these differences, except for total fat content, were not statistically
significant. Regarding vitamin C content, the landraces displayed the highest average
content (2.11 mg/g) compared to the cultivars (2.08 mg/g), although the difference between
them was not statistically significant (p < 0.05). When considering origin, the average
vitamin C content ranked in the order of Korea (2.32 mg/g) > China (2.01 mg/g) > Thailand
(1.94 mg/g) > Myanmar (1.93 mg/g). Once again, the difference in origin did not have a
significant effect on the level of vitamin C. The overall findings signify that neither origin nor
genotype significantly affects the levels of nutritional components, and, hence, individual
genotypes should be assessed to determine their overall nutritional values [32,36,49].

Unlike the nutritional factors discussed before, most of the fatty acid contents were
significantly influenced by both genotype and origin differences. Landraces typically
showed higher average contents of palmitic acid and linolenic acid, while cultivars had
higher levels of stearic acid, oleic acid, and linoleic acid contents (Table 3). Interestingly,
significant differences were found in all fatty acids except for stearic acid and linoleic acid
(p < 0.05). Generally, landraces had a notably higher level of TSFA, whereas cultivars had
the highest concentration of TUFA (p < 0.05). Origin difference also affected the fatty acid
composition, showing significant variations in all the fatty acids except for linoleic acid
(p < 0.05). Korean and Chinese accessions had the highest average levels of palmitic acid
and stearic acid, respectively, while Thailand accessions had the lowest levels of both and
the highest linoleic acid level. Chinese varieties had the highest levels of oleic acid and
the lowest levels of linoleic acid and linolenic acid, while Myanmar accessions had the
lowest levels of oleic acid and the highest levels of linolenic acid. Overall, Korean varieties
were characterized by high TSFA levels, followed by Myanmar, China, and Thailand,
whereas the opposite trend was observed in terms of the TUFA level (Table 3). These results
highlighted that both genotype and origin could be ideal parameters in discriminating a
large population of yardlong beans according to their fatty acid levels [51].

When considering total secondary metabolite contents and antioxidant activities, culti-
vars once again showed superiority over landraces, with significant differences observed in
TPC and DPPH• scavenging activity (p < 0.05). Concerning origin, Thailand accessions had
the highest average levels of TPC, TTC, and all three antioxidant activities, with the former
and ABTS•+ scavenging activity showing significant variations (p < 0.05). Likewise, Myan-
mar accessions displayed the highest average TSC level. In contrast, Korean accessions
displayed the lowest levels of all the total secondary metabolite contents and antioxidant
activities. Previously, several studies investigated the impacts of genotype difference and
origin on different biochemical factors in other legumes and cereals [52–56]. In yardlong
beans, however, such studies are scarce. The results of this study demonstrated that various
traits such as DF, total fat content, TPC, specific fatty acids such as palmitic acid and oleic
acid, TSFA, and TUFA were significantly affected by the differences in origin and genotype.
As a result, these factors can be targeted for differentiation among different yardlong bean
genotypes [55].

3.8. Multivariate Analysis
3.8.1. Hierarchical Cluster (HCA) and Principal Component (PCA) Analyses

Multivariate statistical tools such as HCA and PCA are of great importance in viewing
the relative distribution of plant genetic materials and their relationship with phenotypic
data [34,53,54]. In this study, the HCA classified the 35 yardlong bean accessions into four
major clusters, revealing significant differences in most of the parameters between them.
The majority of the accessions were grouped in cluster I, which contained 14 accessions,
followed by cluster IV, which contained 13 accessions (Figure 3).
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Figure 3. Two-way hierarchical cluster analysis matrix. ABTS: ABTS•+ scavenging activity, C: cultivar,
CFC: crude fiber content, CHN, China, DF: days to flowering, DFC: dietary fiber content, DFM: days
from flowering to maturity, DM: days to maturity, DPPH: DPPH• scavenging activity, GWP-2003-4:
Gangwonpyeongchang-2003-4, GWP-2003-7: Gangwonpyeongchang-2003-17, HSW: one-hundred
seeds weight, HXTWJD: Hang xin taikong wu jia dou, KOR: Korea, L: landrace, LA: linoleic acid,
LLA: linolenic acid, MMR: Myanmar, OA: oleic acid, PA: palmitic acid, PL: pod length, PUAF: total
polyunsaturated fatty acid, RP: reducing power, SA: stearic acid, SPP; number of seeds per pod, TF:
total fat, THA: Thailand, TP: total protein, TSFA: total saturated fatty acid, TUFA: total unsaturated
fatty acid, TPC: total phenolic content, TSC: total saponin content, TTC: total tannin content, Vit C:
vitamin C.

Clusters II and III each contained four accessions. Statistical analysis showed that all
the quantitative traits except for SPP, HSW, CFC, and DFC showed significant variations
(p < 0.05) among the clusters (Figure 4). Specifically, the accessions in cluster II were late to
flowering and maturing, with average DF and DM of 51.69 and 72.39 days, respectively,
compared to the other clusters. Despite these, they were characterized by having the
highest average total protein, total fat, CFC, DFC, TSC, TTC, DPPH• scavenging activity, RP,
palmitic acid, and TSFA, and the lowest average TUFA, linolenic acid, and oleic acid. They
also displayed the second highest average vitamin C content (2.11 mg/g) next to cluster
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I (2.24 mg/g), TPC (97.13 mg GAE/g) and ABTS•+ scavenging activity (16.21 mg TE/g)
next to cluster III (7.55 mg GAE/g and 17.14 mg TE/g, respectively), and stearic acid
(4.28%) next to cluster IV (4.68%). Overall, the HCA result signified that the yardlong bean
accessions were grouped according to their relative performances.
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Figure 4. Boxplots showing variations in the analyzed parameters across clusters. Different su-
perscript letters on boxplots in a category indicate significantly different means (p < 0.05). The
descriptions of all abbreviations are similar to those stated in Figure 3.

PCA was also computed to further view the distribution of the yardlong bean acces-
sions and their association with the analyzed parameters (Figure 5). In the PCA, a total of
seven components with eigenvalues greater than one, which together contributed over 85%
of the total variance, were obtained (Table S3). Out of these, the first two components (PC1
and PC2) accounted for 48.14%, showing their superior contribution to the total variance,
and were used to compute the overall PCA. As can be seen in the score plot (Figure 5a),
the accessions were grouped according to their cluster, supporting the HCA observation.
Origin-based and genotype-based PCA also clustered the Korean landraces compared to
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the others. The loading plot (Figure 5b) showed DM, TSC, TTC, ABTS•+ scavenging activity,
reducing power, linoleic acid, and PUFA as the major discriminating factors along PC1,
with factor loadings of ≥±0.50 and contributions ranging from 4.21 to 9.03% (Table S3).
Likewise, total fat (9.92%), TSFA (10.61%), and TUFA (10.61%) were the major contributors
along PC2. Interestingly, days to flowering, TPC, DPPH• scavenging activity, palmitic
acid, and oleic acid had factor loadings ≥ ±0.50 across both PC1 and PC2, making them
the most important discriminating factors (4.21–10.71%). It is important to note that these
traits were significantly affected by variations in both genotype and origin. The grouping
of the variables along PC1 and PC2 was also in agreement with the observation in the
HCA (Figure 5b). Overall, the findings from the PCA were consistent with those of the
HCA, indicating the importance of agricultural characteristics and biochemical factors in
classifying a wide variety of yardlong beans [31,53,54].
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Figure 5. Score plot of yardlong bean accessions (a) and loading plot of variables (b) obtained from
PCA. ABTS: ABTS•+ scavenging activity, CFC: crude fiber content, DF: days to flowering, DFC:
dietary fiber content, DFM: days from flowering to maturity, DM: days to maturity, DPPH: DPPH•

scavenging activity, HSW: one-hundred seeds weight, LA: linoleic acid, LLA: linolenic acid, OA: oleic
acid, PA: palmitic acid, PL: pod length, PUAF: total polyunsaturated fatty acid, RP: reducing power,
SA: stearic acid, SPP; number of seeds per pod, TF: total fat, TP: total protein, TSFA: total saturated
fatty acid, TUFA: total unsaturated fatty acid, TPC: total phenolic content, TSC: total saponin content,
TTC: total tannin content, Vit C: vitamin C.

3.8.2. Pearson’s Correlation Analysis

Pearson’s correlation analysis was computed to quantitatively determine the asso-
ciation between the analyzed parameters (Figure 6). The correlation analysis revealed
significant and notable associations among the different parameters. Among the agronomic
traits, DM and HSW showed a positive association with each other (r = 0.41, p < 0.05), as
well as with TTC (r = 0.65, p < 0.001 and 0.47, p < 0.01, respectively) and total protein content
(r = 0.49, p < 0.01, and r = 0.57, p < 0.001, respectively). These observations signified that the
maturity period could affect the biochemical components in yardlong beans [57]. Likewise,
the weak and/or negative correlation of vitamin C with the rest of the biochemical parame-
ters was notable, which could be associated with its distinct biosynthetic pathways [58].
The secondary metabolites contents, including TPC, TTC, and TSC, showed strong and
positive correlations with all of the antioxidant activities, including DPPH• scavenging
activity (r = 0.81, 0.78, and 0.78, respectively), ABTS•+ scavenging activity (r = 0.86, 0.78,
and 0.77, respectively), and RP (r = 0.82, 0.80, and 0.83, respectively), each being significant
at p < 0.001. Several studies also noted similar associations, further confirming their roles
in controlling reactive radicals in the human body [16,26,28,45,50]. Among the fatty acids,
the positive and significant relationships between oleic acid and TUFA (r = 0.70, p < 0.001),
as well as palmitic acid with TSFA (r = 0.93, p < 0.001), indicate their dominance within
their respective groups. This, in turn, resulted in a negative and strong correlation between
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TUFA and TSFA (r = −1.00, p < 0.001). Oleic acid also showed negative associations with
the other unsaturated fatty acids, including linoleic acid (−0.68, p < 0.001) and linolenic acid
(r = −0.33), highlighting the role of desaturase enzymes in interconverting these fatty acids,
a common process in fatty acid biosynthesis in legumes and crops [59]. Unlike the other
fatty acids, linoleic acid also showed strong and positive associations with total secondary
metabolites and antioxidant activities (0.58 ≤ r ≤ 0.71, p < 0.001). Previous studies on
different legumes also reported comparable results, indicating the role of polyunsaturated
fatty acids as antioxidants [60]. Other detailed and notable association levels between
agronomic traits, biochemical contents, and antioxidant activities can be viewed in Figure 6.
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Figure 6. Pearson’s correlation matrix showing the association between the analyzed quantitative
parameters. *** p < 0.001, ** p < 0.01, * p < 0.05, ns: not significant. ABTS: ABTS•+ scavenging activity,
CFC: crude fiber content, DF: days to flowering, DFC: dietary fiber content, DFM: days from flowering
to maturity, DM: days to maturity, DPPH: DPPH• scavenging activity, HSW: one-hundred seeds
weight, LA: linoleic acid, LLA: linolenic acid, OA: oleic acid, PA: palmitic acid, PL: pod length, PUAF:
total polyunsaturated fatty acid, RP: reducing power, SA: stearic acid, SPP; number of seeds per pod,
TF: total fat, TP: total protein, TSFA: total saturated fatty acid, TUFA: total unsaturated fatty acid,
TPC: total phenolic content, TSC: total saponin content, TTC: total tannin content, Vit C: vitamin C.

4. Conclusions

Studying various characteristics in crop genetic materials, such as agronomic traits,
nutrient levels, secondary metabolites, and biological activities, is crucial for understand-
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ing the relationship between phenotypic parameters and selecting the most appropriate
varieties for consumption, breeding, and distribution to different stakeholders. In this
research, 35 yardlong beans obtained from China, Korea, Myanmar, and Thailand were
explored, focusing on their diverse biochemical compositions, antioxidant properties, and
key agronomic traits. The results showed significant variations in each parameter, possibly
due to genetic diversity within the yardlong bean accessions. Statistical analysis indicated
that origin and genotype influenced certain biochemical components and agronomic traits,
suggesting their potential usefulness in distinguishing among large collections of genetic
materials. Furthermore, the study pinpointed specific yardlong bean accessions that ex-
celled in terms of nutrient levels, secondary metabolite contents, and antioxidant activities,
making them appropriate for dissemination across farms, use in breeding programs, and
application in the food industry. The diversity observed among the yardlong beans also
presents an excellent opportunity for future research in metabolomics, the investigation of
anti-nutrient factors, and genomics to explore their genetic makeup and enhance their uses
in breeding.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/antiox13040463/s1, Figure S1. GC chromatograms of a represen-
tative sample (a) and fatty acid standards (b), and LC chromatograms of a representative sample (c)
and L-ascorbic acid standard (d). Peak assignments: GC chromatograms: palmitic acid (1), stearic acid
(2), oleic acid (3), linoleic acid (4), linolenic acid (5); LC chromatograms: ascorbic acid (1); Table S1:
Frequencies and distribution of qualitative agronomical traits across 35 yardlong beans grown in
Korea; Table S2: Statistics of quantitative agronomical traits across 35 yardlong beans grown in Korea;
Table S3: Factor loadings and contribution of variables to the variance observed among the yardlong
bean accessions in the principal component analysis.

Author Contributions: Conceptualization and supervision, J.Y., Y.-a.J., S.L. and Y.-M.C.; methodology,
investigation, writing—original draft preparation, and writing—review and editing, K.T.D.; resources,
H.Y., M.-J.S. and X.W.; funding acquisition and project administration, Y.-M.C. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by the Research Program for Agricultural Science and Technology
Development (Project No. PJ01416801) of the National Institute of Agricultural Sciences, Rural
Development Administration (Jeonju, Republic of Korea).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All the data related to this study are incorporated in the manuscript
and Supplementary Materials. Further inquiries can be directed to the first author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Pan, L.; Liu, M.; Kang, Y.; Mei, X.; Hu, G.; Bao, C.; Zheng, Y.; Zhao, H.; Chen, C.; Wang, N. Comprehensive genomic analyses of

Vigna unguiculata provide insights into population differentiation and the genetic basis of key agricultural traits. Plant Biotechnol.
J. 2023, 21, 1426–1439. [CrossRef] [PubMed]

2. Zhang, H.; Xu, W.; Chen, H.; Chen, J.; Chen, X.; Yang, S. Evaluation and QTL Mapping of Salt Tolerance in Yardlong Bean [Vigna
unguiculata (L.) Walp. Subsp. unguiculata Sesquipedalis Group] Seedlings. Plant Mol. Biol. Rep. 2020, 38, 294–304. [CrossRef]

3. Quenum, A.J.C.; Pasquet, R.S.; Bodian, A.; Fonceka, D.; Djiboune, Y.R.; Cisse, N.; Mbaye, M.S.; Diouf, D. Molecular characteriza-
tion of cowpea [Vigna unguiculata (L.) Walp.] subspecies with SSR markers. Genet. Resour. Crop Evol. 2023, 1–9. [CrossRef]

4. Tantasawat, P.; Trongchuen, J.; Prajongjai, T.; Seehalak, W.; Jittayasothorn, Y. Variety identification and comparative analysis of
genetic diversity in yardlong bean (Vigna unguiculata spp. sesquipedalis) using morphological characters, SSR and ISSR analysis.
Sci. Hortic. 2010, 124, 204–216.

5. Awika, J.M.; Duodu, K.G. Bioactive polyphenols and peptides in cowpea (Vigna unguiculata) and their health promoting properties:
A review. J. Funct. Foods 2017, 38, 686–697. [CrossRef]

6. Pidigam, S.; Thuraga, V.; Pandravada, S.R.; Natarajan, S.; Adimulam, S.; Amarapalli, G.; Nimmarajula, S.; Venkateswaran, K.
Genetic improvement of yardlong bean (Vigna unguiculata (L.) Walp ssp. sesquipedalis (L.) Verdc.). In Advances in Plant Breeding
Strategies: Vegetable Crops; Springer: Berlin/Heidelberg, Germany, 2021; pp. 379–420.

https://www.mdpi.com/article/10.3390/antiox13040463/s1
https://www.mdpi.com/article/10.3390/antiox13040463/s1
https://doi.org/10.1111/pbi.14047
https://www.ncbi.nlm.nih.gov/pubmed/36965079
https://doi.org/10.1007/s11105-020-01194-2
https://doi.org/10.1007/s10722-023-01738-x
https://doi.org/10.1016/j.jff.2016.12.002


Antioxidants 2024, 13, 463 18 of 20

7. Abebe, B.K.; Alemayehu, M.T. A review of the nutritional use of cowpea (Vigna unguiculata L. Walp) for human and animal diets.
J. Agric. Food Res. 2022, 10, 100383. [CrossRef]

8. Li, J.; Zhang, S.; Zhang, Z.; Ren, S.; Wang, D.; Wang, X.; Wang, X.; Zhang, C.; Wang, M. Extraction and characterization of starch
from Yard-long bean (Vigna unguiculata (L.) Walp. ssp. unguiculata cv.-gr. sesquipedalis). Int. J. Biol. Macromol. 2021, 181, 1023–1029.
[CrossRef]

9. Ha, T.J.; Lee, M.H.; Park, C.H.; Pae, S.B.; Shim, K.B.O.; Ko, J.M.; Shin, S.O.; Baek, I.N.Y.; Park, K.Y. Identification and characteriza-
tion of anthocyanins in Yard-Long beans (Vigna unguiculata ssp. sesquipedalis L.) by High-Performance liquid chromatography
with diode array detection and electrospray lonization/mass spectrometry (HPLC-DAD-ESI/MS) analysis. J. Agric. Food Chem.
2010, 58, 2571–2576.

10. Watcharatpong, P.; Kaga, A.; Chen, X.; Somta, P. Narrowing Down a Major QTL Region Conferring Pod Fiber Contents in
Yardlong Bean (Vigna unguiculata), a Vegetable Cowpea. Genes 2020, 11, 363. [CrossRef]

11. Kongjaimun, A.; Somta, P.; Tomooka, N.; Kaga, A.; Vaughan, D.A.; Srinives, P. QTL mapping of pod tenderness and total
soluble solid in yardlong bean [Vigna unguiculata (L.) Walp. subsp. unguiculata cv.-gr. sesquipedalis]. Euphytica 2013, 189, 217–223.
[CrossRef]

12. Quamruzzaman, A.K.M.; Islam, F.; Akter, L.; Khatun, A.; Mallick, S.R.; Gaber, A.; Laing, A.; Brestic, M.; Hossain, A. Evaluation of
the Quality of Yard-Long Bean (Vigna unguiculata sub sp. sesquipedalis L.) Cultivars to Meet the Nutritional Security of Increasing
Population. Agronomy 2022, 12, 2195.

13. Machado, N.; Oppolzer, D.; Ramos, A.; Ferreira, L.; Rosa, E.A.S.; Rodrigues, M.; Domínguez-Perles, R.; Barros, A.I.R.N.A.
Evaluating the freezing impact on the proximate composition of immature cowpea (Vigna unguiculata L.) pods: Classical versus
spectroscopic approaches. J. Sci. Food Agric. 2017, 97, 4295–4305. [CrossRef] [PubMed]

14. Gonçalves, A.; Goufo, P.; Barros, A.; Dominguez-Perles, R.; Trindade, H.; Rosa, E.A.S.; Ferreira, L.; Rodrigues, M. Cowpea
(Vigna unguiculata L. Walp), a renewed multipurpose crop for a more sustainable agri-food system: Nutritional advantages and
constraits. J. Sci. Food Agric. 2016; 96, 2941–2951.

15. Shubha, K.; Choudhary, A.K.; Eram, A.; Mukherjee, A.; Kumar, U.; Dubey, A.K. Screening of Yardlong bean (Vigna unguiculata (L.)
Walp. ssp. unguiculata cv.-gr. sesquipedalis) genotypes for seed, yield and disease resistance traits. Genet. Resour. Crop Evol. 2022,
69, 2307–2317.

16. Zhang, Y.; Meenu, M.; Yu, H.; Xu, B. An investigation on phenolic and antioxidant capacity of under-utilized food legumes
consumed in China. Foods 2020, 9, 438. [CrossRef] [PubMed]

17. Menssen, M.; Linde, M.; Otunga Omondi, E.; Abukutsa-Onyango, M.; Dinssa, F.F.; Winkelmann, T. Genetic and morphological
diversity of cowpea (Vigna unguiculata (L.) Walp.) entries from East Africa. Sci. Hortic. 2017, 226, 268–276. [CrossRef]

18. Razgonova, M.P.; Burlyaeva, M.O.; Zinchenko, Y.N.; Krylova, E.A.; Chunikhina, O.A.; Ivanova, N.M.; Zakharenko, A.M.;
Golokhvast, K.S. Identification and Spatial Distribution of Bioactive Compounds in Seeds Vigna unguiculata (L.) Walp. by Laser
Microscopy and Tandem Mass Spectrometry. Plants 2022, 11, 2147. [CrossRef] [PubMed]

19. Gutiérrez-Uribe, J.A.; Romo-Lopez, I.; Serna-Saldívar, S.O. Phenolic composition and mammary cancer cell inhibition of extracts
of whole cowpeas (Vigna unguiculata) and its anatomical parts. J. Funct. Foods 2011, 3, 290–297. [CrossRef]

20. Kan, L.; Nie, S.; Hu, J.; Wang, S.; Bai, Z.; Wang, J.; Zhou, Y.; Jiang, J.; Zeng, Q.; Song, K. Comparative study on the chemical
composition, anthocyanins, tocopherols and carotenoids of selected legumes. Food Chem. 2018, 260, 317–326. [CrossRef] [PubMed]

21. Kalpanadevi, V.; Mohan, V.R. Effect of processing on antinutrients and in vitro protein digestibility of the underutilized legume,
Vigna unguiculata (L.) Walp subsp. unguiculata. LWT 2013, 51, 455–461. [CrossRef]

22. Yao, T.; Xu, Y.; Jiang, H.; Chen, X.; Liu, X.; Chen, H.; Zhang, H.; Xing, G. Evaluating, Screening and Selecting Yardlong Bean
[Vigna unguiculata subsp. sesquipedalis (L.) Verdc.] for Resistance to Common Cutworm (Spodoptera litura Fabricius). Agronomy
2023, 13, 502.

23. Boukar, O.; Belko, N.; Chamarthi, S.; Togola, A.; Batieno, J.; Owusu, E.; Haruna, M.; Diallo, S.; Umar, M.L.; Olufajo, O.; et al.
Cowpea (Vigna unguiculata): Genetics, genomics and breeding. Plant Breed. 2019, 138, 415–424. [CrossRef]

24. Verma, S.K.; Singh, C.K.; Taunk, J.; Gayacharan; Chandra Joshi, D.; Kalia, S.; Dey, N.; Singh, A.K. Vignette of Vigna domestication:
From archives to genomics. Front. Genet. 2022, 13, 1–23.

25. AOAC. Official Methods of Analysis; Association of Official Analytical Chemists: Arlington, VA, USA, 1990.
26. Choi, Y.M.; Yoon, H.; Shin, M.J.; Lee, S.; Yi, J.; Jeon, Y.A.; Wang, X.; Desta, K.T. Nutrient Levels, Bioactive Metabolite Contents, and

Antioxidant Capacities of Faba Beans as Affected by Dehulling. Foods 2023, 12, 4063. [CrossRef] [PubMed]
27. Vazquez Oderiz, M.L.; Vazquez Blanco, M.E.; Lopez Hernandez, J.; Simal Lozano, J.; Romero Rodriguez, M.A. Simultaneous

determination of organic acids and vitamin C in green beans by liquid chromatography. J. AOAC Int. 1994, 77, 1056–1059.
[CrossRef] [PubMed]

28. Boudjou, S.; Oomah, B.D.; Zaidi, F.; Hosseinian, F. Phenolics content and antioxidant and anti-inflammatory activities of legume
fractions. Food Chem. 2013, 138, 1543–1550. [CrossRef] [PubMed]

29. Pidigam, S.; Munnam, S.B.; Nimmarajula, S.; Gonela, N.; Adimulam, S.S.; Yadla, H.; Bandari, L.; Amarapalli, G. Assessment of
genetic diversity in yardlong bean (Vigna unguiculata (L.) Walp subsp. sesquipedalis Verdc.) germplasm from India using RAPD
markers. Genet. Resour. Crop Evol. 2019, 66, 1231–1242.

30. Kongjaimun, A.; Kaga, A.; Tomooka, N.; Somta, P.; Vaughan, D.A.; Srinives, P. The genetics of domestication of yardlong bean,
Vigna unguiculata (L.) Walp. ssp. unguiculata cv.-gr. sesquipedalis. Ann. Bot. 2012, 109, 1185–1200.

https://doi.org/10.1016/j.jafr.2022.100383
https://doi.org/10.1016/j.ijbiomac.2021.04.127
https://doi.org/10.3390/genes11040363
https://doi.org/10.1007/s10681-012-0781-2
https://doi.org/10.1002/jsfa.8305
https://www.ncbi.nlm.nih.gov/pubmed/28276078
https://doi.org/10.3390/foods9040438
https://www.ncbi.nlm.nih.gov/pubmed/32268476
https://doi.org/10.1016/j.scienta.2017.08.003
https://doi.org/10.3390/plants11162147
https://www.ncbi.nlm.nih.gov/pubmed/36015450
https://doi.org/10.1016/j.jff.2011.05.004
https://doi.org/10.1016/j.foodchem.2018.03.148
https://www.ncbi.nlm.nih.gov/pubmed/29699675
https://doi.org/10.1016/j.lwt.2012.09.030
https://doi.org/10.1111/pbr.12589
https://doi.org/10.3390/foods12224063
https://www.ncbi.nlm.nih.gov/pubmed/38002121
https://doi.org/10.1093/jaoac/77.4.1056
https://www.ncbi.nlm.nih.gov/pubmed/8069112
https://doi.org/10.1016/j.foodchem.2012.11.108
https://www.ncbi.nlm.nih.gov/pubmed/23411279


Antioxidants 2024, 13, 463 19 of 20

31. Rambabu, E.; Reddy, K.R.; Kamala, V.; Saidaiah, P.; Pandravada, S.R. Correlation and path analysis for quality, yield and yield
components in yardlong bean (Vigna unguiculata (L.) Walp. ssp. sesquipedalis Verdc.). Environ. Ecol. 2016, 34, 1655–1661.

32. Bai, Z.; Huang, X.; Meng, J.; Kan, L.; Nie, S. A comparative study on nutritive peculiarities of 24 Chinese cowpea cultivars. Food
Chem. Toxicol. 2020, 146, 111841. [CrossRef] [PubMed]

33. Onwuliri, V.A.; Obu, J.A. Lipids and other constituents of Vigna unguiculata and Phaseolus vulgaris grown in northern Nigeria.
Food Chem. 2002, 78, 1–7. [CrossRef]

34. Perchuk, I.; Shelenga, T.; Gurkina, M.; Miroshnichenko, E.; Burlyaeva, M. composition of primary and secondary metabolite
compounds in seeds and pods of asparagus bean (Vigna unguiculata (L.) Walp.) from China. Molecules 2020, 25, 1–16. [CrossRef]

35. Kim, H.; Lee, J.H.; Lee, B.W.; Lee, Y.Y. Quality and physicochemical characterstics of Korean Cowpea cultivars grown in diffrenet
seedling periods. Korean J. Food Nutr. 2018, 31, 502–510.

36. Dakora, F.D.; Belane, A.K. Evaluation of Protein and Micronutrient Levels in Edible Cowpea (Vigna Unguiculata L. Walp.) Leaves
and Seeds. Front. Sustain. Food Syst. 2019, 3, 1–10. [CrossRef]

37. Baptista, A.; Pinho, O.; Pinto, E.; Casal, S.; Mota, C.; Ferreira, I.M.P.L.V.O. Characterization of protein and fat composition of
seeds from common beans (Phaseolus vulgaris L.), cowpea (Vigna unguiculata L. Walp) and bambara groundnuts (Vigna subterranea
L. Verdc) from Mozambique. J. Food Meas. Charact. 2017, 11, 442–450. [CrossRef]

38. Lazzarin, T.; Martins, D.; Ballarin, R.S.; Monte, M.G.; Minicucci, M.F.; Polegato, B.F.; Zornoff, L. The Role of Omega-3 in
Attenuating Cardiac Remodeling and Heart Failure through the Oxidative Stress and Inflammation Pathways. Antioxidants 2023,
12, 2067. [CrossRef] [PubMed]

39. Morshedloo, M.R.; Fereydouni, S.; Ahmadi, H.; Hassanpouraghdam, M.B.; Aghaee, A.; Vojodi Mehrabani, L.; Maggi, F. Natural
diversity in fatty acids profiles and antioxidant properties of sumac fruits (Rhus coriaria L.): Selection of preferable populations
for food industries. Food Chem. 2022, 374, 131757. [CrossRef] [PubMed]

40. Devi, C.B.; Kushwaha, A.; Kumar, A. Sprouting characteristics and associated changes in nutritional composition of cowpea
(Vigna unguiculata). J. Food Sci. Technol. 2015, 52, 6821–6827. [CrossRef] [PubMed]

41. Wawire, M.; Oey, I.; Mathooko, F.; Njoroge, C.; Shitanda, D.; Hendrickx, M. Thermal stability of ascorbic acid and ascorbic acid
oxidase in African cowpea leaves (Vigna unguiculata) of different maturities. J. Agric. Food Chem. 2011, 59, 1774–1783. [CrossRef]

42. Affrifah, N.S.; Phillips, R.D.; Saalia, F.K. Cowpeas: Nutritional profile, processing methods and products—A review. Legume Sci.
2022, 4, 1–12. [CrossRef]

43. Jayathilake, C.; Visvanathan, R.; Deen, A.; Bangamuwage, R.; Jayawardana, B.C.; Nammi, S.; Liyanage, R. Cowpea: An overview
on its nutritional facts and health benefits. J. Sci. Food Agric. 2018, 98, 4793–4806. [CrossRef]

44. Zia-Ul-Haq, M.; Ahmad, S.; Amarowicz, R.; De Feo, V. Antioxidant activity of the extracts of some cowpea (Vigna unguiculata (L)
Walp.) cultivars commonly consumed in Pakistan. Molecules 2013, 18, 2005–2017. [CrossRef]

45. Tzanova, M.T.; Stoilova, T.D.; Todorova, M.H.; Memdueva, N.Y.; Gerdzhikova, M.A.; Grozeva, N.H. Antioxidant Potentials of
Different Genotypes of Cowpea (Vigna unguiculata L. Walp.) Cultivated in Bulgaria, Southern Europe. Agronomy 2023, 13, 1684.
[CrossRef]

46. Kanner, J. Food Polyphenols as Preventive Medicine. Antioxidants 2023, 12, 2103. [CrossRef] [PubMed]
47. Kotha, R.R.; Tareq, F.S.; Yildiz, E.; Luthria, D.L. Oxidative Stress and Antioxidants—A Critical Review on In Vitro Antioxidant

Assays. Antioxidants 2022, 11, 2388. [CrossRef] [PubMed]
48. Laurena, A.C.; Garcia, V.V.; Mae, E.; Mendoza, T. Effects of heat on the removal of polyphenols and in vitro protein digestibility

of cowpea (Vigna unguiculata (L.) Walp.). Plant Food Hum. Nutr. 1987, 37, 183–192. [CrossRef]
49. Carbas, B.; Machado, N.; Oppolzer, D.; Ferreira, L.; Queiroz, M.; Brites, C.; Rosa, E.A.S.; Barros, A.I.R.N.A. Nutrients, antinutrients,

phenolic composition, and antioxidant activity of common bean cultivars and their potential for food applications. Antioxidants
2020, 9, 186. [CrossRef] [PubMed]

50. Zhao, Y.; Du, S.; Wang, H.; Cai, M. In vitro antioxidant activity of extracts from common legumes. Food Chem. 2014, 152, 462–466.
[CrossRef] [PubMed]

51. Zhao, H.; Tang, J.; Yang, Q. Effects of geographical origin, variety, harvest season, and their interactions on multi-elements in
cereal, tuber, and legume crops for authenticity. J. Food Compos. Anal. 2021, 100, 103900. [CrossRef]

52. Zhao, H.; Guo, B.; Wei, Y.; Zhang, B. Effects of wheat origin, genotype, and their interaction on multielement fingerprints for
geographical traceability. J. Agric. Food Chem. 2012, 60, 10957–10962. [CrossRef]

53. Irakli, M.; Kargiotidou, A.; Tigka, E.; Beslemes, D.; Fournomiti, M.; Pankou, C.; Stavroula, K.; Tsivelika, N.; Vlachostergios, D.N.
Genotypic and environmental effect on the concentration of phytochemical contents of lentil (Lens culinaris L.). Agronomy 2021,
11, 1154. [CrossRef]

54. Meftahizadeh, H.; Hatami, M. Changes in agronomic characteristics and galactomannan content in twenty cluster bean genotypes
of different origins affected by sowing dates. Acta Ecol. Sin. 2022, 42, 24–32. [CrossRef]

55. Omomowo, O.I.; Babalola, O.O. Constraints and Prospects of Improving Cowpea Productivity to Ensure Food, Nutritional
Security and Environmental Sustainability. Front. Plant Sci. 2021, 12, 751731. [CrossRef]

56. Oluwatosin, O.B. Genetic and environmental variation for seed yield, protein, lipid and amino acid composition in cowpea (Vigna
unguiculata (L.) Walp). J. Sci. Food Agric. 1997, 74, 107–116. [CrossRef]

57. Flyman, M.V.; Afolayan, A.J. Effect of maturity on the mineral content of the leaves of Momordica balsamina L. and Vigna unguiculata
subsp. sesquipedalis Verdc. J. Food Qual. 2008, 31, 661–671. [CrossRef]

https://doi.org/10.1016/j.fct.2020.111841
https://www.ncbi.nlm.nih.gov/pubmed/33137428
https://doi.org/10.1016/S0308-8146(00)00293-4
https://doi.org/10.3390/molecules25173778
https://doi.org/10.3389/fsufs.2019.00070
https://doi.org/10.1007/s11694-016-9412-2
https://doi.org/10.3390/antiox12122067
https://www.ncbi.nlm.nih.gov/pubmed/38136187
https://doi.org/10.1016/j.foodchem.2021.131757
https://www.ncbi.nlm.nih.gov/pubmed/34920406
https://doi.org/10.1007/s13197-015-1832-1
https://www.ncbi.nlm.nih.gov/pubmed/26396436
https://doi.org/10.1021/jf103469n
https://doi.org/10.1002/leg3.131
https://doi.org/10.1002/jsfa.9074
https://doi.org/10.3390/molecules18022005
https://doi.org/10.3390/agronomy13071684
https://doi.org/10.3390/antiox12122103
https://www.ncbi.nlm.nih.gov/pubmed/38136222
https://doi.org/10.3390/antiox11122388
https://www.ncbi.nlm.nih.gov/pubmed/36552596
https://doi.org/10.1007/BF01092054
https://doi.org/10.3390/antiox9020186
https://www.ncbi.nlm.nih.gov/pubmed/32102193
https://doi.org/10.1016/j.foodchem.2013.12.006
https://www.ncbi.nlm.nih.gov/pubmed/24444962
https://doi.org/10.1016/j.jfca.2021.103900
https://doi.org/10.1021/jf3021283
https://doi.org/10.3390/agronomy11061154
https://doi.org/10.1016/j.chnaes.2021.01.002
https://doi.org/10.3389/fpls.2021.751731
https://doi.org/10.1002/(SICI)1097-0010(199705)74:1%3C107::AID-JSFA776%3E3.0.CO;2-L
https://doi.org/10.1111/j.1745-4557.2008.00218.x


Antioxidants 2024, 13, 463 20 of 20

58. Matamoros, M.A.; Loscos, J.; Coronado, M.J.; Ramos, J.; Sato, S.; Testillano, P.S.; Tabata, S.; Becana, M. Biosynthesis of ascorbic
acid in legume root nodules. Plant Physiol. 2006, 141, 1068–1077. [CrossRef] [PubMed]

59. Torres-Franklin, M.L.; Repellin, A.; Huynh, V.B.; d’Arcy-Lameta, A.; Zuily-Fodil, Y.; Pham-Thi, A.T. Omega-3 fatty acid desaturase
(FAD3, FAD7, FAD8) gene expression and linolenic acid content in cowpea leaves submitted to drought and after rehydration.
Environ. Exp. Bot. 2009, 65, 162–169. [CrossRef]
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