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Abstract: This work presents a green, downstream process, from extraction to phytochemical char-
acterization and bioactivity testing, to obtain and evaluate the functional properties of phenolic
compounds from cowpea (Vigna unguiculata (L.) Walp.) seeds and pods. Phenolic-rich extracts were
obtained by pressurized liquid extraction (PLE). The main factors affecting the extraction conditions
(temperature and solvent) were optimized in order to attain extracts with the highest extraction
yield, antioxidant capacity, and total phenolic content. The optimal extraction conditions were 1:1
ethanol:water at 170 ◦C with one extraction cycle for seeds and three extraction cycles for pods.
Phenolic compounds of optimal extract were analyzed by UHPLC-q-TOF-MS/MS (quadrupole-time
of flight tandem MS). The obtained PLE-extracts exhibited higher phenolic content and antioxidant
activity compared to conventional extraction procedures. The in vitro anti-neurodegenerative po-
tential of extracts was measured through Acetylcholinesterase (AChE) inhibition assay. The results
revealed the higher bioactivity observed in cowpea pod samples compared to seed extracts, which
might be related to higher levels of quercetin and quercetin glycosides, kaempferol diglucoside, and
other tetrahydroxylated flavones and flavonols identified in these samples. These results also provide
an added-value benefit to the cultivation of this legume, considering the high potential of cowpea
phenolic extracts as nutraceutical and functional ingredients in food formulations.

Keywords: pressurized liquid extraction; green extraction; cowpea; phenolic compounds; antioxidant
capacity; neuroprotective properties; acetylcholinesterase

1. Introduction

From a nutritional standpoint, legumes are an important source of proteins, calories,
minerals, and vitamins [1]. Although the consumption of pulses in many Western coun-
tries is relatively low as compared to many other countries like India, legumes contain
significant amounts of polyphenols such as flavonoids, phenolic acids, and lignins, which
are considered natural antioxidants [2]. Cowpea (Vigna unguiculata (L.) Walp.) is a legume
that is mainly cultivated in Africa, Asia, and Latin America. In the northeast region of
Argentina, the cultivation of cowpea is run by small- and medium-sized producers. Cow-
pea seeds are used for human food and animal feed, while pods are either discarded or
burned. Cowpea contains high levels of polyphenols with a unique profile that are mainly
concentrated in the tegument and give the seeds their typical color [3]. The main polyphe-
nols common to all varieties of cowpea are phenolic acids and flavonol glycosides. Some
varieties also contain anthocyanins and/or flavan-3-ols [4]. Cowpea polyphenols’ extracts
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have been reported to have significant anti-inflammatory activity, with beneficial effects
against diabetes, cancer, and cardiovascular diseases [4]. Cowpea pods can be considered
lignocellulosic biomasses that do not contain starch and in which the carbohydrates are
present as cellulose and hemicellulose [5]. This biomass also contains polyphenols, whose
content increases as the plant reaches maturity while the tannin content decreases [6].

Many bioactive compounds derived from agricultural residues have been proven to
be potentially useful in the food and pharmaceutical industry [7]. Nonetheless, the use
of agricultural wastes as a rich, low-cost, and bio-renewable resource for the production
of bioactive compounds is crucial; however, the bulk of knowledge of the field remains
scarce [8].

The harmful effects of free radicals, together with the toxic effects produced by syn-
thetic antioxidants used as food preservatives, have promoted the search for molecules
with antioxidant properties to be applied in food, cosmetic, and pharmaceutical industries.
In this sense, legumes are a potential source of antioxidants mainly because they synthetize
a great variety of secondary metabolites with free radical scavenging capacity in response
to either artificial or environmental stimuli [2].

Among the different important diseases associated with oxidative stress processes,
cancer and cardiovascular diseases have been highlighted and are among the main causes
of death in Argentina and in the world. These diseases are based on the accumulation
of highly reactive free radicals or the impairment of the defense systems that protect
biomolecules from oxidative damage [9]. Epidemiological studies show a relationship
between the consumption of legumes, fruits, cereals, and vegetables and low incidence
values of these syndromes [10].

Moreover, a therapeutic alternative for patients with Alzheimer disease, which is
featured by oxidative stress [11], is focused on the inhibition of the acetylcholinesterase
(AChE) [12]. To date, several plant species have proven to have acetylcholinesterase
inhibitory (AChEI) activity [13]. Among the natural phytochemicals, flavonoids and
phenolic acids represent an interesting class of biologically active compounds in this
regard. In addition, there is evidence suggesting that these compounds have antioxidant
capacity [14].

In recent years, there has been an increasing interest in the development of environ-
mentally clean processes for obtaining high-added-value extracts and compounds with
biological activity from natural sources. In this line, pressurized liquid extraction (PLE)
has been consolidated as a high throughput and green extraction technique that may be
used for the extraction of medium and polarity bioactive compounds, depending on the
extraction solvent employed [15]. Green extraction processes, such as those based on PLE,
make use of GRAS solvents (generally recognized as safe), which guarantees the absence of
toxic solvents in the final ingredients and products obtained. While PLE can be performed
using a wide range of solvents, ethanol and water are preferred for green extractions.

Considering that cowpea polyphenolic compounds are mainly obtained by conven-
tional extraction methods (extraction with organic solvents) [16,17], an alternative green
extraction procedure, followed by chemical and functional characterization, was proposed
in this work in order to obtain phenolic-enriched extracts from cowpea and waste semi-
feedstocks (cowpea pods) that could be used as ingredients in food formulation.

2. Materials and Methods
2.1. Samples and Chemicals

Seeds and pods of two cowpea varieties, named as Cuarentón (CUA) and Colorado
(COLO), were provided by Estación Experimental El Sombrero, province of Corrientes
(Instituto Nacional de Tecnología Agropecuaria (INTA)), Argentina (2018 harvest). Both
cultivars are registered with the number 1981-01-13 at Registro Nacional de Cultivares
(RNC) from the Instituto Nacional de Semillas de Argentina Registration. They are not
native species from Argentina but foreign varieties that have been selected by humans for
use since the colonial period. Therefore, they have different record numbers (colorado:
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N◦ de registro 914 and cuarenton: registry number: 909) but the same registration num-
ber. Shrunken, discolored, and insect-infested seeds were discarded. Seeds and pods
were sun-dried and stored in a hermetic vessel at 10 ◦C until used. Cowpea seeds and
pods were ground (Braun KSM2, coffee grinder, Mexico) and sifted through a 500-µm
sieve. Ultrapure water obtained from a Millipore purification system (Billerica, MA, USA)
and ethanol (99.5%) provided by VWR Chemicals (Fontenay-sous-Bois, France) were
used for PLE. DPPH (2,2-Diphenyl-1-picrylhydrazyl hydrate, free radical, 99%), gallic
acid, Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, ≥97%), and ABTS
(2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic acid, ≥99%) were acquired from Sigma-
Aldrich. Folin-Ciocalteu reagent for total phenolic analysis was purchased from Merck
(Darmstadt, Germany).

2.2. Maceration Extraction (ME)

Seeds’ and pods’ flour dispersions (5 g in 50 mL) were prepared in different solvent
mixtures: ethanol, water, water + 2% v/v formic acid, water + 5% v/v formic acid, and
70% v/v acetone + 1% v/v formic acid. Mixtures were macerated for 24 h with shaking at
230 rpm. Dispersions were then centrifuged (Hettich 380R) at 5000 rpm for 15 min and the
resulting supernatant was filtered. Extracts were then evaporated using nitrogen stream
and/or by lyophilization (Labconco Corporation, Kansas City, Mo, USA), depending on
the extraction solvent. The yield, the polyphenols’ content, and the antioxidant activity
were determined in the dried sample extracts.

2.3. Pressurized Liquid Extraction (PLE)

These extractions were carried out in a pressurized liquids extractor (ASE 200, Dionex,
Sunnyvale, CA, USA). Ethanol, ultrapure water, and the mixture ethanol:water (50:50)
were used as solvents, as described below. To eliminate dissolved air, at the beginning of
the working day the solvents were sonicated for 10 min. For each extraction, 1 g of dried
seed or pod sample was mixed with 2 g of dispersive agent (sea sand). A sandwich scheme
was used inside the 11-mL stainless-steel extraction cell. This mixture was placed in the
center among 2 g of sea sand and cellulose filters (Restek, Bellefonte, PA, USA) located
at both ends. Briefly, the extraction was done as follows. Initially, the selected solvent
filled the extraction cell and the pressure rose. Then it was heated at extraction conditions.
Secondly, the static extraction conditions were maintained for 10 min, with the system
closed to keep a constant pressure (1500 psi, 10.34 MPa). Finally, the extract was collected
in a glass vial, the extraction cell was rinsed with fresh solvent (60% of cell volume), and
pure nitrogen for 120 s was used for purging. To avoid carryover effects, a thorough rinse
was done between the consecutive extractions. After extraction, solvents were eliminated
using nitrogen stream, and water was removed by freeze-drying (Labconco Corporation,
Kansas City, Mo, USA). The dried extracts were stored at −20 ◦C and protected from light
until using.

2.4. Experimental Design

For optimization of PLE from cowpea seed and pods, a three-level factorial design
in 16 runs (Box-Behnken) was performed to study the effects of percentage of ethanol in
the mixture solvent (0–100%) (v/v), temperature (50–170 ◦C), number of cycles (1–3) on
the extraction yield (%), total phenolic content (mg gallic acid equivalents, GAE/g extract),
antioxidant capacity (TEAC, mmol of Trolox equivalents/g extract), and DPPH radical
scavenging activity (EC50, µg/mL: concentration required to obtain a 50% antioxidant
effect). All the experiments (16), including four center points, were carried out in random
order. Response surface methodology (Statgraphics Centurion XVII, StatPoint Technologies,
Inc., Warrenton, VA, USA) was used for experimental design and data analysis. In the
extraction process, the influence of independent variables on the response variables was
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assessed using the pure error. A confidence level of 95% was considered for all the variables.
The quadratic model proposed for each response variable (Yi) was:

Yi = a + bA + cB + dC + eA2 + fB2 + gC2 + hAB + iAC + jBC + ε (1)

where A is the temperature; B is the solvent composition (percentage of ethanol in the
mixture); C is the number of cycles; a is the intercept; b, c, and d are the linear coefficients;
e, f, and g are quadratic coefficients; h, i, and j are the interaction coefficients; and ε is the
error variable. This quadratic model (Equation (1) was estimated considering R2 (percent
variation explained by model) and RSD (residual standard deviation). Additionally, lack-
of-fit test was done for the models from the analysis of variance (see Tables S1 and S2 in
Supplementary Material) as the significance measures. For each of the response variables
the effect of each factor and their statistical significance was analyzed from the standardized
Pareto chart. Graphically, a response surface of the individual mathematical model was
also obtained, and significant differences were considered with p ≤ 0.05. Additionally,
multiple response optimization was done combining different responses to maximize all of
them at the same time.

2.5. In Vitro Experiments
2.5.1. Total Phenolic Content (TPC)

The TPC was determined in ME and PLE extracts spectrophotometrically by the
Folin–Ciocalteu’s method with some modifications, as previously described [18]. Briefly, a
10-µL aliquot of the extract (10 mg mL−1) and 600 µL of ultrapure water were mixed. Fifty
µL of undiluted Folin–Ciocalteu reagent were subsequently added. After 1 min, 150 µL of
20% (w/v) Na2CO3 were added and the volume was adjusted to 1.0 mL with ultrapure
water. Samples were incubated for 2 h at 25 ◦C in the darkness. Three hundred µL of each
reaction mixture were transferred to a 96-well microplate. The absorbance was measured at
760 nm in a microplate reader (Synergy HT, BioTek Instruments, Winooski, VT, USA). All
analyses were done in triplicate. For calibration, standard curves constructed with serial
dilutions of gallic acid (0.031–2 mg mL−1) were done and mg of gallic acid equivalents
(GAE) per g of extract was used to express the TPC.

2.5.2. Trolox Equivalents of Antioxidant Capacity (TEAC)

TEAC was determined in ME and PLE extracts using the method described by Re
et al. [19] with some modifications. Briefly, the ABTS•+ radical was generated through
the reaction of 7 mM ABTS with 2.45 mM potassium persulfate in the absence of light, at
room temperature, for 16 h before using it. This aqueous ABTS•+ solution was diluted with
phosphate buffer 5 mM (pH 7.4) to an absorbance of 0.7 UA (±0.02) at 734 nm. Samples
(10 µL, at five different concentrations, from 0.625 to 10 mg mL−1) and 1 mL of ABTS•+

solution were mixed in an Eppendorf vial. After incubation for 45 min, 300 µL of the
mixture were transferred to a 96-well microplate. The endpoint absorbance was measured
in a microplate reader (Synergy HT, BioTek Instruments, Winooski, VT, USA) at 734 nm.
The results were expressed as TEAC values (mmol of Trolox/g extract), with Trolox used as
reference standard. All analyses were done in triplicate. The values shown were obtained
using five concentrations of each extract, chosen to obtain a linear response between 20%
and 80% of the absorbance of the blank.

2.5.3. DPPH Radical Scavenging Assay

ME and PLE extracts were analyzed by the DPPH radical scavenging method adapted
from the methodology described by Brand-Williams et al. [20]. A working solution con-
taining 2.35 mg of DPPH in 100 mL of methanol was used. The extracts were tested in
a range between 0.625 to 10 mg mL −1. In each well 10 µL of each extract solution or
methanol (blank) and 290 µL of DPPH solution were placed to make up the final reaction
volume of 300 µL. After 4 h in the dark at room temperature, the absorbance was mea-
sured in a microplate reader (Synergy HT, BioTek Instruments, Winooski, VT, USA) at
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516 nm. The remaining concentration of DPPH was calculated from a calibration curve.
Measurements were made in triplicate. The data shown consist of the concentration of the
extract (expressed in µg mL−1) necessary for a half initial concentration of DPPH, that is,
the EC50 value.

2.5.4. In Vitro AChE Inhibition Assay

The acetylcholine esterase inhibitory (AChE) activity was measured by the Ellman’s
method [21] with minor modifications [22]. Kinetic parameters (Km, Michaelis-Menten
constant, and Vmax, maximum velocity) values were derived from the Michaelis–Menten
plot. The reaction mixture contained 100 µL of 0.15 M Tris-HCl buffer (pH 8.0), 25 µL of
0.8 U/mL acetylcholine esterase (type VI-S from Electrophorus electricus, Sigma-Aldrich,
St Louis, Mo, USA), 100 µL of each extract at different concentrations in 50% ethanol (1 and
0.5 mg/mL), and 25 µL of 4 mM of DTNB (5,5-dithio-bis-(2-nitrobenzoic acid). Mixtures
were incubated for 30 min at 37 ◦C. After 30 min, the reaction was initiated by the addition
of 50 µL of 1.2 mM acetylthiocholine (substrate). The hydrolysis of acetylthiocholine was
monitored as the Vmax at 412 nm for 5 min each 15 s. Galanthamine was used as positive
control. All the reactions were performed in triplicate. The percentage inhibition was
calculated as follows:

% inhibition = [(E − S)/E] × 100 (2)

where E is the Vmax of the enzyme without sample and S is the Vmax of enzyme with the
test sample.

2.6. Liquid Chromatography-Tandem Mass Spectrometry (UHPLC-ESI-q-TOF-MS/MS)

For the phytochemical characterization of cowpea seeds and pods extracts, an Agilent
1290 UHPLC system (Ultrahigh Performance Liquid Chromatography) coupled to an
Agilent 6540 quadrupole-time-of-flight mass spectrometer (q-TOF MS) equipped with an
orthogonal ESI source was employed, all from Agilent Technologies (Santa Clara, CA,
USA. A Zorbax Eclipse Plus C18 column (2.1 mm diameter, 100 mm length, 1.8-µm particle
diameter) was employed for chromatographic separation at 30 ◦C. The mobile phase was
composed of two solvents: solvent A water (0.01% formic acid) and solvent B acetonitrile
(0.01% formic acid). Five microliters of the sample were injected using a flow rate of
0.5 mL/min in gradient elution. The gradient timetable was as follows: 0 min, 100% A;
7 min, 70% A; 9 min, 20% A; 11 min, 0% A; 13 min, 0% A; 14 min, 100% A. The mass
spectrometer was operated in MS and tandem MS modes for the structural analysis of
all compounds. MS parameters were the following: nebulizer pressure, 40 psi; capillary
voltage, 4000 V; drying gas temperature, 350 ◦C at a flow rate of 10 L/min; skimmer
voltage, 45 V; and fragmentor voltage, 110 V. A scan rate of 5 spectra per second between
50–1100 and 50–800 m/z for MS and Auto MS/MS modes was used.

2.7. Statistical Analysis

Each treatment was performed at least in triplicate, as stated above. Values are shown
as average ± standard deviation. One-way analysis of variance was employed. Addi-
tionally, Fisher Least significant difference (LSD) test with α = 95% (confidence interval)
was used to contrast the means. The statistical analysis was performed using the Infostat
software (https://www.infostat.com.ar/ Universidad Nacional de Córdoba, Argentina).

3. Results and Discussion
3.1. Maceration Extraction (ME)

Table 1 shows the results of the maceration of cowpea (COLO variety) seeds and pods
obtained with ethanol, water, water-formic acid (2% and 5% v/v), and acetone-formic acid
(1%). The highest yield, polyphenols’ content’ and antioxidant activity was obtained by
extracting with the mixture of 70% v/v acetone and 1% v/v formic acid in both seeds’
and pods ‘samples, though values were higher for seed preparations. The extraction of
phenolic compounds is favored by polar organic solvents or by mixtures of polar organic

https://www.infostat.com.ar/


Agronomy 2021, 11, 162 6 of 18

solvents with water. Acetone is a dipolar aprotic solvent with great solubilization capacity
of organic compounds. Addition of 1% v/v formic acid increased acetone solubility of
phenolic compounds, leading to an increase of the radical scavenging capacity. Acetone 1%
v/v formic acid was used to obtain relatively high levels of proanthocyanidins present in
cowpea varieties of cowpea, as reported by Ojwang et al. [16]. The extraction performed
with water rendered pods extract with a higher polyphenols’ content and antioxidant
activity while these values were lower when ethanol was used, mainly in seeds’ samples.
The content of polyphenols in the extracts of water and formic acid at 2 and 5% v/v
was higher in pods than in seeds; however, the antioxidant activity was lower in pods.
These results may be due to the different compounds extracted that varied according
to the extraction solvent polarity and the antioxidant capacity of extracted compound.
Vijayalaxmi et al. [23] reported high polyphenols’ contents in agricultural wastes such
as wheat bran, peanut shell, and rice bran. Avanza at al. [3] reported similar values of
polyphenols’ content in methanol extracts of cowpea seeds of different varieties. The
polyphenols’ content obtained in this work are comparable to those reported by other
researchers for V. unguiculata seeds [24] and are higher than those obtained in seed extracts
of lentil and chickpea cultivars from Pakistan [25,26]. Previous reports have associated the
TPC to the observed antioxidant activity [27,28].

Table 1. Yields, polyphenols’ content, and antioxidant activity (DPPH and ABTS) of cowpea seed and pods’ extracts from
Colorado variety obtained by maceration.

Samples Solvent Yield (%) TPC (mg GAE g−1) TEAC (mmol TE g−1) EC50 (µg/mL)

C
O

LO
se

ed

ethanol 1.67 ± 0.16 c 17.70 ± 0.40 b 0.198 ± 0.006 c 93.86 ± 1.63 c

water 5.55 ± 1.41 b 15.32 ± 0.25 c 0.460 ± 0.004 b 268.92 ± 4.01 a

water-2% v/v formic acid 7.26 ± 0.81 b 12.88 ± 0.37 d 0.121 ± 0.002 c 271.57 ± 3.99 a

water-5% v/v formic acid 7.36 ± 1.45 b 17.40 ± 0.24 b 0.115 ± 0.001 c 191.53 ± 3.60 b

acetone-1% v/v formic acid 12.61 ± 1.13 a 65.68 ± 0.31 a 3.650 ± 0.267 a 21.82 ± 0.46 d

C
O

LO
po

ds ethanol 1.18 ± 0.12 b 16.70 ± 0.49 d 0.442 ± 0.010 c 479.64 ± 8.34 b

water 4.54 ± 0.95 a 43.84 ± 0.26 a 2.283 ± 0.028 a 326.74 ± 4.87 c

water-2% v/v formic acid 5.45 ± 1.02 a 30.20 ± 0.67 c 0.086 ± 0.001 d 566.12 ± 8.32 a

water-5% v/v formic acid 4.63 ± 0.83 a 31.50 ± 0.41 b 0.066 ± 0.005 d 293.50 ± 5.52 d

acetone-1% v/v formic acid 5.44 ± 0.75 a 44.35 ± 0.96 a 1.327 ± 0.045 b 142.45 ± 3.02 e

The values are means ± sd. Different superscripts (a, b, c, d) indicate significant differences (p ≤ 0.05) within columns for each type of
sample (seed or pods). Two blocks used for pairwise comparison, seed or pod.

3.2. Pressurized Liquid Extraction (PLE)

In spite of the good results obtained with acetone in the maceration experiments, only
green solvents that could be directly used in the formulation of food ingredients were tested
on PLE. As mentioned, the experimental design was based on a response surface, where
the factors were the number of extraction cycles (1, 2, and 3), ethanol–water percentage
(0–100%), and the temperature (50, 110, and 170 ◦C). Those solvents were chosen consider-
ing their low toxicity and high extraction capacity. The rest of the extraction variables (a
static extraction time of 10 min and an extraction pressure of 10.3 MPa) remained constant,
based on reference values obtained from previous works by our research group [29]. The
three-level factorial design allowed assessing the effect of the extraction parameters in
four different response variables, i.e., the extraction yield, the polyphenols’ content, the
TEAC value (ABTS), and the EC50 value (DPPH). The experimental matrix and the results
obtained for each extraction condition for the COLO seeds and pods are shown in Tables 2
and 3. The results of the ANOVA obtained for each response are provided as supplemen-
tary data (Tables S1 and S2). Results showed that the behavior of the response variables
changed with the extraction condition. Extraction yield increased both with temperature
and with the solvent percentage, achieving a peak value at 170 ◦C. For both seeds and pods,
the highest yield was obtained with 50% ethanol, as compared to pure ethanol or water.
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Table 2. Experimental matrix design conditions (factor levels between parentheses) and results for each response variable
studied for the optimization of the PLE of COLO cowpea seeds. Results are expressed as mean ± sd.

Exp. Run Extraction Conditions Response Variables

Temp. (◦C) Ethanol (%) Cycles Yield (%) TPC
(mg GAE g−1) a

ABTS
(mmol TE g−1) b

DPPH EC50
(µg mL−1)

1 50 0 2 17.70 ± 0.37 13.83 ± 0.15 0.207 ± 0.017 390.08 ±5.61

2 50 50 1 9.15 ± 0.19 22.29 ± 0.35 0.468 ± 0.015 88.26 ± 1.45

3 50 50 3 14.56 ± 0.30 24.86 ± 0.10 0.568 ± 0.033 73.46 ± 1.01

4 50 100 2 1.14 ± 0.02 13.26 ± 0.20 0.073 ± 0.002 429.10 ± 6.14

5 110 0 1 16.24 ± 0.34 9.79 ± 0.15 0.164 ± 0.012 389.43 ± 6.50

6 110 0 3 19.28 ± 0.40 12.73 ± 0.23 0.275 ± 0.010 283.06 ± 2.32

7 c 110 50 2 20.70 ± 0.43 13.89 ± 0.21 0.324 ± 0.009 159.24 ± 1.90

8 c 110 50 2 21.44 ± 0.44 11,33 ± 0.21 0.287 ± 0.011 160.40 ± 3.29

9 c 110 50 2 20.69 ± 0.43 11.03 ± 0.25 0.282 ± 0.011 160.39 ± 3.28

10 c 110 50 2 21.46 ± 0.44 12.83 ± 0.21 0.297 ± 0.012 159.74 ± 1.28

11 110 100 1 2.60 ± 0.05 12.73 ± 0.06 0.158 ± 0.002 318.09 ± 5.28

12 110 100 3 3.81 ± 0.08 13.09 ± 0.25 0.214 ± 0.007 307.72 ± 5.11

13 170 0 2 65.09 ± 1.35 19.86 ± 0.17 0.275 ± 0.010 150.55 ± 2.32

14 170 50 1 35.33 ± 0.73 42.76 ± 0.78 0.926 ± 0.055 49.31 ± 1.42

15 170 50 3 44.57 ± 0.92 33.63 ± 0.38 0.724 ± 0.040 64.22 ± 1.88

16 170 100 2 9.30 ± 0.19 40.36 ± 0.26 0.895 ± 0.031 67.01 ± 1.93

Superindex meaning; a: GAE (gallic acid equivalents), b: TE (Trolox equivalents), c: experimental design center points.

Table 3. Experimental matrix design conditions (factor levels between parentheses) and results for each response variable
studied for the optimization of the PLE of COLO cowpea pods. Results are expressed as mean ± sd.

Exp. Run Extraction Conditions Response Variables

Temp. (◦C) Ethanol (%) Cycles Yield (%) TPC
(mg GAE g−1) a

ABTS
(mmol TE g−1) b

DPPH EC50
(µg mL−1) c

1 50 0 2 8.97 ± 0.20 49.19 ± 0.42 1.126 ± 0.013 409.75 ± 7.19

2 50 50 1 5.35 ± 0.12 53.29 ± 0.35 2.067 ± 0.046 212.24 ± 4.54

3 50 50 3 7.99 ± 0.18 52.32 ± 0.95 1.565 ± 0.051 160.56 ± 1.62

4 50 100 2 1.76 ± 0.04 9.02 ± 0.32 0.209 ± 0.002 579.42 ± 7.24

5 110 0 1 13.11 ± 0.30 39.09 ± 0.45 0.758 ± 0.024 375.30 ± 5.93

6 110 0 3 24 ± 0.55 33.86 ± 0.26 0.588 ± 0.021 398.72 ± 5.90

7 c 110 50 2 13.26 ± 0.30 50.32 ± 1.20 0.916 ± 0.032 187.62 ± 3.13

8 c 110 50 2 13.54 ± 0.31 49.02 ± 0.49 0.865 ± 0.006 188.47 ± 3.37

9 c 110 50 2 13.99 ± 0.32 46.06 ± 1.22 0.898 ± 0.046 193.59 ± 3.17

10 c 110 50 2 13.46 ± 0.31 49.52 ± 0.72 0.906 ± 0.038 189.60 ± 3.91

11 110 100 1 1.51 ± 0.03 44.36 ± 0.53 0.996 ± 0.060 188.26 ± 3.41

12 110 100 3 3.54 ± 0.08 54.99 ± 0.51 1.363 ± 0.026 168.49 ± 2.33

13 170 0 2 34.01 ± 0.77 79.62 ± 0.65 0.796 ± 0.019 62.03 ± 1.33

14 170 50 1 21.36 ± 0.49 124.46 ± 2.52 3.037 ± 0.135 32.84 ± 0.50

15 170 50 3 29.56 ± 0.67 107.42 ± 2.05 2.442 ± 0.043 35.21 ± 0.58

16 170 100 2 7.86 ± 0.18 174.62 ± 1.58 4.549 ± 0.179 27.08 ± 0.43

Superindex meaning; a: GAE (gallic acid equivalents), b: TE (Trolox equivalents), c: experimental design center points.
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High temperatures also caused an increase in the TPC, with the difference between
110 ◦C and 170 ◦C being more marked than that observed between 50 ◦C and 110 ◦C. The
highest polyphenols’ content was obtained with 50% ethanol at 170 ◦C for both seeds and
pods (42.76 mg GAE g−1 and 107.42 mg GAE g−1, respectively). According to the results
presented in this study, the mixture ethanol:water (1:1) was the most suitable solvent for
the extraction of total polyphenols.

Regarding the antioxidant capacity, the most active seed extracts were obtained
at 50 ◦C with three extraction cycles using 50% ethanol (TEAC = 0.568 mmol TE g−1

and EC50 = 73.46 µg mL−1) and at 170 ◦C with one extraction cycle with 50% ethanol
(TEAC = 0.926 mmol TE g−1 and EC50 = 49.31 µg mL−1). The most active pod extracts were
also obtained at 50 ◦C and 170 ◦C, employing 50% ethanol, but performing one extraction
cycle at the lowest temperature (TEAC = 2.067 mmol TE g−1 EC50 = 212.24 µg mL−1) and
with two extraction cycles carried out at the highest temperature (TEAC = 4.549 mmol
TE g−1 and EC50 = 27.08 µg mL−1). For these response variables, for both seeds and pods,
the temperature was the main critical variable, detecting a significant increase between
50 ◦C and 170 ◦C for 50% ethanol and a decrease for an intermediate temperature (110 ◦C).
On the other hand, it was not possible to obtain a mathematical model based only on the
studied variables (temperature, solvent composition, and number of cycles) to predict the
antioxidant capacity measured as DPPH radical scavenging within the tested range.

Figures 1 and 2 show the standardized Pareto charts for the three response variables
analyzed, as well as their corresponding response surfaces for one and three extraction
cycles (seeds and pods, respectively). The vertical line indicates the 95% confidence,
whereas the colors in the bars indicate positive and negative effects. The temperature along
with its quadratic effect were the main significant factors for all response variables, both
in seeds and pods. As expected, an increase in temperature provided the highest yield
due to an increase in the solubility of the target compounds with the temperature and to
a decrease in the viscosity of the solvent that allowed improving the mass transfer of the
solvent to the solid matrix. Moreover, response surfaces were similar for both polyphenols’
content and TEAC antioxidant activity in both seeds and pods. High and low temperature
values proved to have a positive effect on these variables, while intermediate temperature
values had a negative effect. For the three response surfaces, the ethanol-water 50% mixture
had a positive effect in both seeds and pods.
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A multiple response optimization was performed considering the same statistical
weight to all response variables, in order to determine the most suitable extraction con-
ditions, that is, those that maximize extraction yield, TPC, and TEAC at the same time.
The optimal extraction conditions foreseen were: 50% ethanol, one extraction cycle at
170 ◦C for seeds and 69% ethanol and three extraction cycles at 170 ◦C for pods. Using
these optimized values, the mathematical model forecast the values of the three response
variables for both seeds and pods. As previously indicated, DPPH was not taken into
account for optimization due to the poor regression coefficient obtained. In order to test the
model, three independent experiments were performed for each sample (seeds and pods)
using the optimized conditions and determining the four response variables. Moreover,
for comparison purposes, the optimal conditions were applied for the Cuarentón (CUA)
variety. The results validated our model since the experimental values agree with those
predicted. The deviation (%RSD) of the predicted value was small, as can be seen in Tables
4 and 5. Despite DPPH radical scavenging capacity not being used in the prediction model,
it was measured and results are shown. Additionally, antioxidant capacity was calculated
also by oxygen radical absorbance capacity (ORAC) according to the method described
in [29].

Table 4. Optimum Pressurized liquid extraction (PLE) conditions for cowpea seeds predicted by the statistical model and
those obtained experimentally. Results are expressed as mean ± sd of three independent experiments.

Extraction Conditions Response Variables

Temp. (◦C) Ethanol (%) Cycles Yield (%) TPC
(mg GAE g−1)

ABTS
(mmol TE g−1)

DPPH EC50
(µg mL−1)

ORAC
(mmol TE g−1)

Predicted 170 50 1 36.55 42.01 0.93 -

Experimental
(COLO seeds) 170 50 1 36.02 ± 1.22 40.60 ± 0.27 0.805 ± 0.004 50.38 ± 2.48 82.34 ± 4.15

% RSD 3.33 0.64 0.43 -

Experimental
(CUA seed) 170 50 1 32.87 ± 1.23 22.69 ± 1.53 0.448 ± 0.006 86.14 ± 1.75 61.78 ± 3.74

Table 5. Optimum PLE conditions for cowpea pods predicted by the statistical model and those obtained experimentally.
Results are expressed as mean ± sd of three independent experiments.

Extraction Conditions Response Variables

Temp. (◦C) Ethanol (%) Cycles Yield (%) TPC
(mg GAE g−1)

ABTS
(mmol TE g−1)

DPPH EC50
(µg mL−1)

ORAC
(mmol TE g−1)

Predicted 170 68.93 2.99 22.86 136.36 3.505 -

Experimental
(COLO pods) 170 69 3 23.49 ± 0.93 116.97 ± 1.12 2.728 ± 0.112 33.48 ± 1.08 127.65 ± 6.32

% RSD 4.06 0.82 3.13 -

Experimental
(CUA pods) 170 69 3 25.38 ± 0.45 104.53 ± 1.03 2.227 ± 0.101 45.41 ± 0.96 118.51 ± 5.17

Comparing results of maceration and PLE (Table 1 vs. Table 4 for seed and Table 1
vs. Table 5 for pods), we can conclude that PLE extractions provided higher yields and
antioxidant capacities than ME. Nevertheless, using acetone the antioxidant capacity was
higher. However, it must be taken into account that results are expressed per gram of
extract. So, the higher yield obtained in PLE diluted the sample. The antioxidant activity
of the seeds increased 78% (TEAC) and 28% (EC50) in the ethanol extracts (100%) with PLE
at 170 ◦C and 44% (EC50) in the water extracts (100%) with PLE at 170 ◦C, compared to the
ethanol and aqueous extracts by ME, respectively. Furthermore, the ethanol–water extracts
(50%) with PLE and temperatures (50–170 ◦C) reached higher antioxidant activity values
than the PLE extracts with temperature (50–170 ◦C), water (100%), and ethanol (100%). On
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the other hand, in the COLO cowpea pod extracts, an increase in antioxidant activity of
56% (TEAC) and 77% (EC50) was observed with PLE in the ethanol–water extracts (50%) at
170 ◦C and 71% (TEAC) and 81% (EC50) in ethanol extracts (100%) at 170 ◦C, compared
to acetone-formic extracts from ME. Brazdauskas et al. [29] reported TEAC antioxidant
activity values (4.35 mmol TE g−1 extract) of PLE extracts of black chokeberry pomace
with ethanol-water at high temperatures (165 ◦C), slightly higher than COLO cowpea
pod extracts. In carnosol-enriched rosemary extracts with PLE (150 ◦C; 24% water 76%
ethanol; 20 min), antioxidant activity values of TEAC (2.75 mmol TE g−1 extract) were
comparable to those observed in extracts of cowpea COLO pods reported under similar
extraction conditions [30]. Regarding the other antioxidant capacities measured, DPPH and
ORAC followed a similar trend as ABTS-predicted radical scavenging test, with antioxidant
pods’ extracts being more potent versus seed extracts. Comparing cultivars, the highly
pigmented bean and pod (Colorado) showed stronger antioxidant capacity in all tests.

3.3. Further Characterization of Optimum Extracts
3.3.1. Neuroprotective Activity

AChE inhibitors are used for the treatment of neurological disorders, such as Alzheimer
disease, senile dementia, ataxia, and myasthenia gravis. The inhibition assay was per-
formed with the extracts obtained under the optimum conditions: ME: acetone-1% v/v
formic acid, 25 ◦C, 24 h (maceration, ME), 68.93% ethanol, three extraction cycles of 10 min
each at 170 ◦C (PLE pods) and 50% ethanol, and one extraction cycle of 10 min at 170 ◦C
(PLE seeds). Extracts were used at 1 mg/mL and 0.5 mg/mL for seeds and pods, re-
spectively (Table 6). The seeds’ extract caused a 35% AChE inhibition, while for the pods’
extract, the inhibition was 52%. These percentages represent 0.21 and 0.69 mg galatamine/g
extract, respectively.

Table 6. Results of acetyl cholinesterase inhibitory activity of cowpea seeds’ and pods’ extracts
obtained by maceration extraction (ME) and pressurized liquid extraction (PLE). EC50 galantamine:
0.0011 mg mL−1.

Samples % Inhibition AChE
mg Galantamine
Equivalents Per g

Extract *

Extracts Concentration
(mg mL−1)

PLE-COLO seed 34.965 ± 2.530 c 0.211 ± 0.020 c 1

PLE-CUA seed 31.050 ± 2.463 c 0.180 ± 0.019 c 1

PLE-COLO pods 51.630 ± 3.201 a 0.689 ± 0.050 a 0.5

PLE-CUA pods 40.381 ± 2.939 b 0.473 ± 0.060 b 0.5

ME-COLO seed 43.790 ± 0.622 c 0.281 ± 0.004 c 1

ME-CUA seed 40.820 ± 0.622 d 0.257 ± 0.004 d 1

ME-COLO pods 49.820 ± 0.254 a 0.660 ± 0.004 a 0.5

ME-CUA pods 47.435 ± 1.675 b 0.638 ± 0.049 b 0.5

The values are means ± sd. Different superscripts (a, b, c, d) indicate significant differences (p ≤ 0.05) within
columns for each treatment (PLE or ME). Pairwise comparison has been done per sample and treatment,
which means two blocks per column.* Galantamine equivalents calculated by Acetylcholinesterase inhibition
(ACheI) percentage.

To date, the inhibition of cholinesterase activity of cowpea extracts has never been
published. Jung-Eun Song et al. [31] reported that ethanol extracts (50 µg/mL) by legume
maceration (Mungbean and Kidney) presented AChE inhibition in the order of 25.3% and
22.4%, respectively. On the other hand, the ethanolic extract of Sorghum bicolor showed
inhibition of 43.2%, while the methanolic extract was 63.4%. They also found that water
extracts of legumes and cereals showed no AChE inhibitory activity. Farhana Mazhar
et al. [32] found an AChE inhibition activity similar to that found in the COLO cowpea
pods in the soluble “aqueous” fraction of the extract of Zizyphus oxyphylla (10 mg/mL)
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(58.5%) and a much higher one in the extracts of n-butanol (95.5%). In the latter case, the
activity was attributed to a higher content of flavonoids, alkaloids, and terpenes found in
the extracts. Ademiluyi et al. [33] proposed that the AChE inhibitory activity of fermented
legumes (peanuts, bambara, and carob) could be attributed to their constituent phyto-
chemicals (gallic acid, catechin, caffeic acid, epicatechin, rutin, isoquercitrin, quercitrin,
quercetin, and kaempferol) as well as some bioactive peptides present in the diet of the
animals studied. Conversely, other authors have reported high activity of inhibition of the
enzyme acetylcholinesterase by the presence of alkaloids in extracts of medicinal plants
(Zanthoxylum davyi roots) [34] or by the presence of terpenes in the essential oil of Rosemary
(Rosmarinus officinalis L.) [35].

3.3.2. Phenolic Profiling Analysis by UHPLC-ESI-qTOF-MS/MS

The PLE extracts of seeds and pods obtained under optimal conditions were analyzed
by UHPLC-ESI-QTOF and comparatively evaluated in terms of phenolic composition.
The main objective was to correlate the different observed bioactivities (antioxidant and
neuroprotective activities) with differences in the chemical composition of the two cowpea
varieties (COLO and CUA) considering seeds and pods. As a result of the untargeted
profiling analysis of the phenolic PLE extracts from the four optimal extracts, a total of
42 phenolic acids and flavonoids were tentatively identified in both seeds and pods, on
the basis of their accurate mass of deprotonated molecular ions, isotopic profile, MS/MS
fragmentation patterns, and positive match with mass spectrometry databases (i.e., HMDB,
Metlin, MassBank) and previously reported data in literature. Table 7 summarizes the
phytoconstituents identified by ESI-q-TOF-MS/MS analysis in negative ionization mode,
including the retention time (min), molecular formula, calculated m/z [M-H]- ions, and
calculated mass error (ppm). Table 7 also includes relative abundances for each compound,
expressed in terms of absolute area values obtained in the full MS mode using the deproto-
nated molecular m/z value. Figure 3 shows the extracted ion chromatograms (EICs) of
the analyzed PLE extracts, reconstructed with the [M-H]- ion exact mass values (10 ppm
mass tolerance). As shown in the EICs, qualitative and quantitative differences, in terms of
chemical composition, can be observed among the analyzed samples (see peak annotation
in Table 7). The most abundant compounds in cowpea seeds’ extracts are p-hydroxybenzoic
acid, catechin, and a protocatechuic acid isomer, tentatively identified as dihydroxybenzoic
acid, whereas p-coumaric acid and several di- and trihydroxybenzoic acids were the major
phenolic compounds in pods’ samples.

3.3.3. Linking Phytochemical Composition and Functional Properties

Remarkable differences between the analyzed varieties can be clearly observed in
Figure 4, where cowpea samples are grouped according to their phenolic content as a
result of a cluster analysis. The resulting heatmap shows a color code from high to low
concentration, ranging from dark red to dark blue. Thus, CUA pods exhibited higher
content on quercetin and quercetin glycosides (e.g., diglucoside and rutinoside derivatives)
as well as kaempferol diglucoside, whereas hydroxylated and methoxylated benzoic and
cinnamic acids, along with tetrahydroxylated flavones and flavonols, are more abundant
in COLO pods. Regarding seed samples, the presence of gallic and ferulic acids and
o-hydroxybenzoic acid was higher in CUA seeds, whereas COLO seeds showed higher
concentration of p-hydroxybenzoic acid, myricetin glucosides, catechin, epicatechin, and
other tetrahydroxylated flavonoids.

The detected phenolic compounds are the main compounds responsible for the antioxi-
dant activity of the cowpea extracts since these phytochemicals can act as radical scavengers,
metal chelators, reducing agents, hydrogen donors, and singlet oxygen quenchers [36]. The
nutraceutical potential of buckwheat inflorescences has been confirmed and their further
exploitation in food products will be very useful [37]. Thus, the values obtained from the
sum of absolute peak areas of all phenolics in each sample are in agreement with the total
phenolic content obtained in the Folin–Ciocalteu’s assay. Pod samples from both CUA and
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COLO varieties show the highest phenolic content and the highest antioxidant capacity
compared to seed samples, as evidenced by the phenolic profiling analysis and in vitro
testing assays.

Flavonoids have been reported to have antioxidant activity, as they can interact with
enzymes, affecting pathways involved in anti-inflammatory processes [38]. The hydroxyl
groups in the aromatic ring structures of flavonoid are hydrogen-donating substituents that
are sensitive to redox reactions act as free radical scavenger [38]. These phytochemicals are
compounds found at high concentrations in a variety of plant-based foods and beverages,
associated with a variety of beneficial effects, such as increase in erythrocyte superoxide
dismutase activity, decrease in lymphocyte DNA damage, decrease in urinary 8-hydroxy-
2’-deoxyguanosine, and increase in plasma antioxidant capacity [39].

Table 7. Tentatively identified phenolic compounds in cowpea seed and pod extracts obtained by PLE under optimal
extraction conditions. Relative abundance of each compound in Colorado (COLO) and Cuarenton (CUA) varieties are
expressed in terms of absolute area values.

Peak No. RT (min) Tentative Identification Molecular
Formula

[M-H]- (m/z)
(Calculated)

Error
(ppm) Ref.b

Absolute Area Values

COLO
(Seeds)

COLO
(Pods)

CUA
(Seeds)

CUA
(Pods)

P1 1.73 Gallic acid a C7H6O5 169.0142 −6.2 [4,16] 20,381 51,733 10,471 35,212
P2 2.03 Quercetin-O-malonylglucoside C24H22O15 549.0886 −2.5 [4] 13,893 9429 18,691 14,766
P3 2.23 Dihydroxybenzoic acid I C7H6O4 153.0193 3.0 M, H 686,613 158,144 356,820 202,548
P4 2.49 Protocatechuic acid a C7H6O4 153.0193 1.0 [4] 108,051 52,113 20,091 55,719
P5 2.82 Dimethoxy hydroxybenzoic acid I C9H10O5 197.0455 −4.3 M, H 6365 338,001 7059 176,840
P6 2.91 Hydroxymethoxycinnamic acid I C10H10O4 193.0506 −7.9 M, H ND 110,100 ND 56,353
P7 3.14 Hydroxymethoxycinnamic acid II C10H10O4 193.0506 −3.8 M, H ND 21,422 ND 14,748
P8 3.15 p-Hydroxybenzoic acid a C7H6O3 137.0244 3.5 [4] 1,690,090 592,038 399,005 452,670
P9 3.19 Dihydroxybenzoic acid II C7H6O4 153.0193 −5.4 M, H ND 335,348 ND 203,317

P10 3.19 Trihydroxybenzoic acid C7H6O5 169.0142 −2.0 M, H ND 808,002 ND 522,832
P11 3.33 Hydroxymethoxybenzoic acid I C8H8O4 167.0350 −7.0 M, H ND 272,625 ND 180,460
P12 3.38 Tetrahydroxyflavone I C15H10O6 285.0405 2.5 M, H 39,298 620 2304 3354
P13 3.46 Coumaric acid isomer C9H8O3 163.0401 −1.6 M ND 136,874 2397 88,486
P14 3.46 Tetrahydroxyflavonol I C15H10O7 301.0354 2.4 M, H 12,717 ND ND ND
P15 3.58 Catechin a C15H14O6 289.0718 1.8 [4,16] 316,782 ND 20,473 ND
P16 3.74 Hydroxymethoxybenzoic acid II C8H8O4 167.0350 −7.0 M, H ND ND ND 61,579
P17 3.91 Dimethoxy hydroxybenzoic acid II C9H10O5 197.0455 −6.8 M, H ND 167,147 ND 98,377
P18 3.99 Hydroxybenzaldehyde C7H6O2 121.0295 3.2 M, H 29,494 399,547 35,866 302,155
P19 4.27 Epicatechin a C15H14O6 289.0718 3.9 [4,16] 148,640 ND 8782 ND
P20 4.28 Dihydroxycinnamic acid C9H8O4 179.0350 −5.4 M, H 6182 177,996 3480 165,317
P21 4.37 Dihydroxybenzoic acid III C7H6O4 153.0193 5.0 M, H 38,756 ND 17,376 39,222
P22 4.46 Procyanidin dimer (B-type) C30H26O12 577.1352 3.2 [16,17] 12,617 ND ND ND
P23 4.46 Myricetin-O-diglucoside C27H30O18 641.1359 1.6 [4] 6173 ND ND ND
P24 4.67 Quercetin arabinosyldiglucoside C32H38O21 757.1833 −1.7 [4] 10,194 6964 12,460 49,487
P25 4.70 trans-p-Coumaric acid a C9H8O3 163.0401 −1.6 [4] 108,054 2,391,370 73,608 3,001,767
P26 4.85 Dimethoxy hydroxybenzoic acid III C9H10O5 197.0455 3.3 M,H 52,771 ND 30,899 ND
P27 4.93 Quercetin-O-diglucoside C27H30O17 625.1410 1.2 [4,17] ND 63,890 ND 348,603
P28 4.96 cis-p-Coumaric acid C9H8O3 163.0401 −1.6 [4] ND 201,089 ND 333,810
P29 4.97 Myricetin-O-glucoside C21H20O13 479.0831 2.8 [4] 13,221 ND ND ND
P30 5.25 o-Hydroxybenzoic acid C7H6O3 137.0244 4.9 M, H 40,566 16,008 41,841 180,368
P31 5.26 Kaempferol-O-diglucoside C27H30O16 609.1461 −1.9 [4,17] 4936 5198 1948 26,837
P32 5.28 cis-Ferulic acid a C10H10O4 193.0506 −0.1 [4] 25,911 18,107 31,672 17,318
P33 5.41 Quercetin rutinoside a C27H30O16 609.1461 −3.1 [4] 1979 3812 485 11,698
P34 5.48 Quercetin-O-glucoside C21H20O12 463.0882 2.1 [4] 22,274 6358 6239 16,978
P35 5.57 Quercetin-O-galactoside C21H20O12 463.0882 1.7 [4] 129,183 17,698 10,282 10,786
P36 5.86 Tetrahydroxyflavone II C15H10O6 285.0405 −4.0 M 2247 21,751 ND 23,389
P37 5.91 Tetrahydroxyflavonol II C15H10O7 301.0354 4.7 M 39,460 14,011 ND 10,276
P38 6.26 Quercetin-O-acetylglucoside C23H22O13 505.0988 2.0 [4,17] 32,405 ND 1190 ND
P39 7.62 Quercetin a C15H10O7 301.0354 2.0 [4] 12,115 16,470 ND 52,235
P40 7.63 Tetrahydroxyflavone III C15H10O6 285.0405 −1.9 M, H ND 128,925 ND 68,960
P41 7.79 Hydroxymethoxycinnamic acid III C10H10O4 193.0506 −5.3 M, H ND 20,692 ND 21,232
P42 8.24 Tetrahydroxyflavonol III C15H10O7 301.0354 −3.2 M, H ND 50,728 ND 25,997

Sum of total phenolic compounds 3,631,368 6,614,211 1,113,439 6,873,696

a Confirmed with reference standard. b Reference: reference number in brackets, Metlin data base (M), HMDB (H); ND: not detected.

Regarding the role of phenolic compounds in cognition and synapsis, several research
works have reported in this regard [40–43]. Thus, polyphenolic compounds like quercetin,
tiliroside, or polyhydroxylated chalcone derivatives were reported to have neuroprotective
properties attributed to their inhibiting activity against AChE [40]. Other polyphenols,
such as genistein, luteolin-7-O-rutinoside, and silibinin, were shown to exhibit moderate
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activity as butyrylcholine esterase inhibitors [41]. Flavonoids are, among other polyphe-
nols, an important class of polyphenols with demonstrated AChE inhibitory activity [42].
Flavonoids extracted from Ginkgo biloba have been reported to have inhibitory effects
against AChE [43].

In silico models of AChE inhibition mechanism by quercetin revealed strong hydrogen
bond formation with certain amino acids of AChE, leading to a competitive inhibition
kinetics, as shown by molecular docking experiments. Thus, the combination of numerous
hydrogen bonds with several amino acids and hydrophobic interaction may be responsible
for inhibition of acetylcholine esterase activity by polyphenols [44]. Thus, flavonoids and
other phenolic compounds are considered non-alkaloidal AChE inhibitors that seem to act
as non-competitive inhibitors that bind to peripheral anionic sites mainly represented by the
residues Tyr70, Asp74, Try121, Trp279, and Tyr334 in the “anionic” subsites, corresponding
to the choline-binding pocket [45]. The strongest anti-AChE activity observed in cowpea
samples was shown for pod extracts from both COLO and CUA varieties, which might be
related to high levels of quercetin and quercetin glycosides, kaempferol diglucoside, and
other tetrahydroxylated flavones and flavonols identified in these samples.

Agronomy 2021, 11, x 14 of 18 
 

 

 
Figure 3. UHPLC-ESI-q-TOF-MS (Ultrahigh Performance Liquid Chromatography coupled to quadrupole-time-of-flight 
mass spectrometer) extracted ion chromatograms (EICs) corresponding to the phenolic PLE extracts of: (A) Colorado 
seeds, (B), Colorado pods, (C), Cuarenton seeds, (D) Cuarenton pods. See Table 7 for peak annotation. 

3.3.3. Linking Phytochemical Composition and Functional Properties 
Remarkable differences between the analyzed varieties can be clearly observed in 

Figure 4, where cowpea samples are grouped according to their phenolic content as a re-
sult of a cluster analysis. The resulting heatmap shows a color code from high to low con-
centration, ranging from dark red to dark blue. Thus, CUA pods exhibited higher content 
on quercetin and quercetin glycosides (e.g., diglucoside and rutinoside derivatives) as 
well as kaempferol diglucoside, whereas hydroxylated and methoxylated benzoic and 
cinnamic acids, along with tetrahydroxylated flavones and flavonols, are more abundant 
in COLO pods. Regarding seed samples, the presence of gallic and ferulic acids and o-
hydroxybenzoic acid was higher in CUA seeds, whereas COLO seeds showed higher con-
centration of p-hydroxybenzoic acid, myricetin glucosides, catechin, epicatechin, and 
other tetrahydroxylated flavonoids. 

COLO (Seeds)

COLO (Pods)

CUA (Seeds)

CUA (Pods)

A)

B)

C)

D)

P8

P3

P4
P15

P12

P14

P18
P19 P25 P35

P38
P26

P25

P37
P32

P21

P8-P10

P3
P4

P15

P12
P13

P18
P19

P35-37 P39-40
P28P5

P42

P8

P3

P4
P18

P25

P28 P30
P35

P25

P8-P10

P3
P4 P13

P18
P19 P35-37 P39-40

P28

P5
P42

P11 P30

Figure 3. UHPLC-ESI-q-TOF-MS (Ultrahigh Performance Liquid Chromatography coupled to quadrupole-time-of-flight
mass spectrometer) extracted ion chromatograms (EICs) corresponding to the phenolic PLE extracts of: (A) Colorado seeds,
(B), Colorado pods, (C), Cuarenton seeds, (D) Cuarenton pods. See Table 7 for peak annotation.
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4. Conclusions

The results presented in this work demonstrate that the PLE is an environmentally safe
methodology that is useful for the extraction of polyphenols from cowpea seeds and pods.
These results also provide a benefit to the cultivation of this legume, since PLE affords
bioactive compounds with a high potential as an ingredient in food formulations. The
optimum conditions for the preparation of extracts were 50% ethanol in water at 170 ◦C with
one extraction cycle for seeds and three extraction cycles for pods. The extraction yields
in PLE were high, especially in pods (above 30% in both cultivars), which is a good point
for valorization of this residue. Flavonols and phenolic acids, such as p-hydroxybenzoic
acid, catechin, and dihydroxybenzoic acid, were the most abundant compounds in cowpea
seeds’ extracts, whereas p-coumaric acid and several di- and trihydroxybenzoic acids
were the major phenolic compounds in pods’ samples. Moreover, the pressurized liquid
extracts also presented a notably inhibitory activity on the AChE test, being the first time
this activity has been measured in this legume. AChE inhibition values of cowpea seeds’
and pods’ extracts by ME are comparable to PLE, suggesting that similar or even higher
bioactive potential can be obtained using a greener and more efficient PLE procedure. The
strongest anti-AChE activity observed in cowpea samples was shown for pod extracts from
both COLO and CUA varieties, which might be related to high levels of quercetin and
quercetin glycosides, kaempferol diglucoside, and other tetrahydroxylated flavones and
flavonols identified by LC-ESI-q-TOF in these samples. Taken together, the results obtained



Agronomy 2021, 11, 162 16 of 18

herein reveal that cowpea could be used as an ingredient in the development of functional
foods.
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for COLO pods PLE-extracts.
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