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Abstract: Opuntia species are well-known for their use in folk medicine and richness in many
bioactive compounds. This study aims to realize a taxonomic study and to evaluate the polyphenols
content and antioxidant potential of edible parts of cultivated and wild Opuntia sp. fruits, using
different in-vitro bioassays. The phylogenetic analysis confirmed the assignment of the samples to
Opuntia genera. The Opuntia fruit fractions (seeds, pulp, and entire fruit) exhibited different amounts
of polyphenols, with the highest values recorded for the wild species, and particularly their pulp
(1140.86 mg GAE/100 g DM, and 155.62 QE/100 g DM for total phenolic and flavonoid compounds,
respectively). Among the antioxidant activities, wild pulp exhibited the greatest antioxidant potential
with a high radical scavenging activity (72.34% and 92.12% for hydrogen peroxide and hydroxyl
radicals, respectively). The best nitric oxide scavenging activity was found for cultivated fruit fraction,
with 55.22%. The statistical analysis also confirmed a significant correlation between the antioxidant
activities and the phenolic compounds and flavonoids (>0.90, p ≤ 0.001) in all Opuntia extracts.
Finally, both Opuntia fruits demonstrated a good antioxidant potential, enhancing the interest of this
species as a non-pharmacological approach in a wide variety of disorders and diseases associated
with oxidative stress, and paving the way to Opuntia sp. economic valorization.

Keywords: Opuntia sp.; prickly pear; wild species; cultivated species; taxonomic study; polyphenols;
antioxidant activity; comparison study

1. Introduction

Over the last few decades, an increased interest in the health benefit of foodstuffs
has been noted worldwide, leading to the development of many studies focusing on the
nutritional aspects of plants, and exploring their potential application in disease treatment
and prevention [1].

Cactaceae comprises a group of plants that generally grow in warm-arid regions of
the world [2]. Originally native to the new world, Cactaceae started to spread in different
countries through Spanish expansion [3]. The genus Opuntia (prickly pear) is the most
recognized among this group; it regroups nearly 300 species, which are mostly known
for the production of some pleasant-tasting fruits and cladodes that can be consumed as
vegetables [4]. Moreover, Opuntia sp. have been used in folk medicine for a long time, for
the treatment of various health conditions such as asthma, ulcers, diarrhea, hemorrhoids,
burns, and edema [5,6]. Opuntia ficus-indica (L.) Mill. (OFI) is the most famous worldwide,
and the most widespread in Algeria where, with the exception of the mountainous areas
and Sahara, it is widely present in the rural landscape, around villages, and is often used as a
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plant fence to limit crop plots or orchards. Otherwise, a survey about the cultivation of these
cacti reports its extension for over 52,000 ha, initially extended by the High Commission for
Development of the Steppe in order to develop pastoralism and control desert progression
in steppes and agro-pastoral areas [7].

The scientific community has largely ignored cacti plants, until the beginning of 1980,
when they regained a new high interest, particularly due to their richness in many bioactive
compounds, including mineral elements, vitamins, carotenoids, betalains, and phenols,
which have already proven their therapeutic benefits for a wide variety of diseases [8,9].
Among these bio-compounds, polyphenols represent the most important secondary metabo-
lites, with more than 8000 structures described to date [10]. In addition to being part of
human and animal diets, polyphenols can also provide various biological activities with an
interest for humans’ health, such as cardiovascular benefit effects and anti-inflammatory,
anti-tumor, and mostly antioxidant activities [3,11,12].

Oxidative stress is a complex process that results from the imbalance between the
production of free radicals and the protective mechanisms able to neutralize them, favor-
ing the accumulation of the former. An oxidative modification can then occur in many
biomolecules, including carbohydrates, lipids, proteins, and nucleic acids, leading to the
deregulation of cellular functions, and constituting the starting point for the development
and worsening of various diseases. Consequently, oxidative stress can contribute to the
appearance of several pathological conditions such as inflammation, diabetes, ageing, can-
cer, and neurodegenerative and cardiovascular disorders [13,14]. In order to fight against
the harmful effects of free radicals, the human body possesses endogenous antioxidant
mechanisms, including the enzymes glutathione, superoxide dismutase (SOD), and cata-
lase, among the most representative. However, to reduce the reinforcement of the oxidant
system, the body often benefits from the supply of exogenous molecules as natural antiox-
idants obtained from plants, which are particularly effective in free radicals scavenging,
positively contributing to controlling oxidative stress, and consequently reducing its related
deleterious effects [15].

Most of the antioxidant evaluations from prickly pears found in the literature were
undertaken in the entire fruit, cladodes, flowers, or just one vegetative part of the plant.
Very few studies have independently explored the antioxidant capacity of the different
fractions of prickly pear fruit, such as seeds and pulp of the same species. To the best
of our knowledge, there is no study devoted to the exploitation of phenolic compounds
and comparison of antioxidant potential between wild and cultivated Opuntia species
from the region of Algeria. In this regard, the present study presents the first approach to
establishing a comparison between the chemical composition and biological activity, in
terms of phenolic compounds and antioxidant potential, of the different parts (seeds, pulp
and entire fruit) of cultivated and wild Opuntia species grown in Bejaia, Algeria.

2. Materials and Methods
2.1. Standards and Reagents

Folin-Ciocalteu reagent and 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ) (C18H12N6), ascor-
bic acid (C6H8O6), (±)-6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (TROLOX)
(C14H18O4) (97 %), 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS) (C18H24N6O6S4), iron (II) sulfate (FeSO4.7H2O), sodium carbonate (Na2CO3), potas-
sium acetate (CH3CO2K), ethanol absolute, sodium phosphate monobasic (NaH2PO4), sul-
furic acid, ammonium molybdate (H24Mo7N6O24.3H2O), 1,10-phenanthroline (C12H8N2.H2O),
sodium salicylate (C7H5NaO3) were acquired from Sigma Aldrich. Gallic acid (GA)
(C7H6O5.H2O), aluminum chloride (AlCl3.6H2O), potassium persulfate (K2S2O8) and
sodium phosphate (Na3PO4), sodium hydrogen phosphate, and potassium ferricyanide
(C6N6FeK3) were purchased from Biochem, Chemopharma. Quercetin (QE) (C15H10O7)
was from Panpharma, ferrous ammonium sulfate (H8FeN2O8S2.6H2O), phosphoric acid
(H3PO4) from Fluka, sodium nitroprusside (Na2[Fe(CN)5NO].2H2O, SNP), sulfanilamide
(C6H8N2O2S), and N-(1-naphthyl) ethylenediamine dihydrochloride (NEDD) (C12H16Cl2N2)
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were purchased from Alfa Aesar, di-sodium hydrogen phosphate anhydrous (Na2HPO4),
Iron (III) chloride (FeCl3) and trichloroacetic acid (C2HCl3O2) were obtained from VWR
International, and hydrogen peroxide (H2O2) was from Analar NORMAPUR.

2.2. Sampling

This study was conducted on cactus fruits, also named taker.must (
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tographs of the author (W.Z.)].

2.3. Physico—Chemical Analysis

The ◦Brix content of the fruits was measured using an Abbe-type refractometer (AR12
Schmidt and Haensch Co., Berlin, Germany). The moisture content was determined
by drying the samples at 105 ◦C using a ventilated oven (WTB Blinde, 120 Tuttlingen,
Tuttlingen, Germany) until weight stabilization was conducted, while the ash content
was determined after combustion of the samples in a muffle furnace (Nabertherm GmbH,
Lilienthal, Germany) at 550 ◦C for 4 h.
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2.4. Taxonomic Identification
2.4.1. DNA Extraction, Amplification (PCR) and Sequencing

Genomic DNA was extracted from the seeds and fruits of two dried Opuntia sp.
samples (cultivated and wild) using the Nzytech Plant gDNA Isolation Kit (NzyTech,
Genes and Enzymes, Lisbon, Portugal) following the manufacturer’s instructions [16]. The
quality of the extracted DNA was confirmed on a 1% agarose gel electrophoresis, and
quantified spectrophotometrically (NanoDrop 8000, Thermo, Wilmington, NC, USA). To
obtain the complete sequence of the 18S rRNA gene, PCR amplification was performed
using the oligonucleotide primers set 18SF and 18SR [17]. PCR reactions were performed in
a final volume of 20 µL containing 1× Green GoTaq Flexi Buffer, 2.5 mM MgCl2, 125.0 mM
of each deoxynucleotide triphosphate, 1.0 µM of each primer, 0.50 U of GoTaq Flexi DNA
Polymerase (Promega, Madison, WI, USA), 10 mg/mL of bovine serum albumin (BSA),
and 10–30 ng of template DNA, on a Veriti Dx Thermal Cycler (Invitrogen, Waltham, MA,
USA). The PCR conditions were as follows: initial denaturation at 94 ◦C for 5 min, followed
by 35 cycles of denaturation at 94 ◦C for 1 min, annealing at 55 ◦C for 1 min, and extension
at 72 ◦C for 3 min with a final elongation step at 72 ◦C for 5 min. In addition to 18S rRNA
amplification, four more genes were amplified according to the PCR conditions: for ITS
and COX-3 gene amplification; the PCR conditions were as follows: initial denaturation
at 96 ◦C for 2 min, followed by 35 cycles of denaturation at 94 ◦C for 1 min, annealing
at 57 ◦C for 1 min, and extension at 72 ◦C for 2 min with a final elongation step at 72 ◦C
for 10 min. matK PCR amplification was carried out by initial denaturation at 95 ◦C for
3 min, followed by 35 cycles of denaturation at 94 ◦C for 30 s, annealing at 48 ◦C for 30 s,
and extension at 72 ◦C for 2 min with a final elongation step at 72 ◦C for 10 min. For rbcL
the PCR conditions were 95 ◦C for 5 min, 40 cycles of 94 ◦C for 1 min, annealing at 48 ◦C
for 1 min, 72 ◦C for 2 min, final extension of 72 ◦C for 10 min. All PCR reactions were
performed in duplicate. PCR products were separated by 1.5% agarose gel stained with
SYBR® safe (Invitrogen, USA) and DNA fragments with the expected size were excised and
purified using NZYGelpure (NzyTech, Genes and Enzymes, Lisbon, Portugal) according to
the manufacturer’s instructions. Since the sequences were obtained by direct sequencing of
purified amplicons, internal primers 18S402F, 18S895F, 18S919R and 18S1339R [18] were
used to improve the quality of sequences. The primers used to amplify the 5 genes, their
sequence information, and annealing temperatures, are given in Table 1.

Table 1. List of specific primers used for PCR amplification.

Region Sequences Annealing Temperature Reference

COX-3 COX-3f: CCGTAGGAGGTGTGATGT
COX-3r: CTCCCCACCAATAGATAGAG 51 ◦C [19]

18S

18S-f: ACCTGGTTGATCCTGCCAG
18S-r: TGATCCTTCYGCAGGTTCAC

18S402-f: GCTACCACATCCAAGGAAGGCA
18S895-f: GTCAGAGGTGAAATTCTTGGAT
18S919-r: TAAATCCAAGAATTTCACCTCT

18S1339-r: CTCGTTCGTTAACGGAATTAACC

55 ◦C [17]

rbcL 1f: ATGTCACCACAAACAGAAAC
724r: TCGCATGTACCTGCAGTAGC 48 ◦C [20]

matk matkx: TAATTTACGATCAATTCATTC
matk5: GTTCTAGCACCAGAAAGTCG 48 ◦C [19]

ITS ITS5: GGAAGTAAAAGTCGTAACAAGG
ITS4: TCCTCCGCTTATTGATATGC 57 ◦C [19]

2.4.2. Sequencing, Alignment, and Data Analysis

The obtained sequenced DNA samples were visualized, edited, and assembled us-
ing Geneious software [21,22]. For each gene region an NCBI search, considering one
mitochondrial DNA region [COX-3 (cytochrome c oxidase subunit 3)], two nuclear DNA
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regions (18S rRNA and ITS (internal transcribed spacer 1-5.8S rRNA-internal transcribed
spacer 2), and two chloroplast DNA regions [matk (maturase K) and rbcL (rubisco large
subunit)], was conducted. We used the NCBI organism filter option to retrieve sequences
from the Cactaceae family from the nucleotide database using the Geneious software. The
sequences were exported to a FASTA file and annotated with the organism name and
accession number. The exported files were used as input in the NGPhylogeny.fr Webserver-
https://ngphylogeny.fr/ (Accessed on 10 September 2022) [23]. We created an advanced
workflow in this NGPhylogeny.fr webserver to perform the phylogenetic inference of our
sequences, considering all the species in the Cactaceae family. We used MAFFT [24,25]
in auto mode to align the sequences, BGME software V2.0 (Paris, France) [26] for selec-
tion of the most phylogenetic informative regions, and PHYML + Smart Model Selection
(SMS) to perform the phylogenetic inference [27,28]. The branch support was calculated
using the SH-like aLTR calculations. The final trees were generated using the software
FigTree (http://tree.bio.ed.ac.uk/software/figtree/ Accessed on 10 September 2022). To
further validate the genus identification, we used the BOLD Identification System (IDS) for
rbcL and matk (https://v3.boldsystems.org/index.php/IDS_OpenIdEngine Accessed on
10 September 2022). To validate the identification of the genus for the sequences of COX-3,
18S rRNA, and ITS we used a Geneious BLAST search (blastn nucleotide search with a
maximum E-value of 0.005).

2.5. Preparation of Extracts

The extraction procedure was realized by following the conditions of decoction opti-
mized in a recent study developed by our research group [29]. The procedure was briefly
realized on a stirrer (Velp Scientifica, Usmate Velate MB, Italy) at 90 ◦C, using 1 g/100 mL
of sample/solvent ratio, for 30 min. The resulting extracts were left to cool down to room
temperature. In order to avoid polyphenols oxidation, the extracts were immediately taken
in order to perform the chemical characterization and antioxidant assays, or protected from
light and stored at −20 ◦C until experimentation.

2.6. Chemical Analysis
2.6.1. Total Phenolic Content (TPC)

TPC measurement was conducted following the protocol optimized by
Zeghbib et al. [29]. A mixture of 200 µL of extract and 1 mL of Folin-Ciocalteu reagent
(0.1 N) was preincubated for 5 min in the dark, then 800 µL sodium carbonate (7.5%) was
added. After incubation in the dark for 5 min at 50 ◦C, the absorbance of the reaction
product was measured at 760 nm with a spectrophotometer (Uviline 9400, Alès, France).
The standard curve for TPC quantification was obtained using different concentrations
of gallic acid (GA), prepared in the same solvent as the extracts (y = 9.8838x − 0.0144,
R2 = 0.9989, where “y” refers to the absorbance and “x” refers to the concentration). TPC
was expressed as mg of Gallic Acid Equivalents (GAE) per 100 g of Dry Matter (DM). Results
were expressed as mean ± standard deviation (SD) of at least five independent assays.

2.6.2. Total Flavonoid Content (TFC)

TFC measurement was assessed according to the Surana et al. [30] protocol, with
slight modifications. A mixture composed of 250 µL of extract, 750 µL ethanol, 50 µL of
CH3CO2K (1 M in ethanol), 50 µL of AlCl3.6H2O (10 % w/v in H2O), and 1.4 mL of H2O
was incubated for 40 min at room temperature, in the dark. The absorbance of the reaction
product was measured at 415 nm, and the results were expressed as mg of Quercetin
Equivalents (QE) per 100 g of DM. The standard curve for TFC quantification was obtained
using different concentrations of quercetin, prepared in the same solvent as the extracts
(y = 4.0291x − 0.0113, R2 = 0.9991, where “y” refers to the absorbance and “x” refers to the
concentration). Results were expressed as mean ± SD of at least five independent assays.

https://ngphylogeny.fr/
http://tree.bio.ed.ac.uk/software/figtree/
https://v3.boldsystems.org/index.php/IDS_OpenIdEngine
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2.7. Antioxidant Potential
2.7.1. Trolox Equivalent Antioxidant Capacity (TEAC)

The TEAC assay was realized as previously referred to by Re et al. [31], with slight
modifications. 100 µL of extract was mixed with 1 mL of an ethanolic ABTS radical (ABTS•+)
solution (7 mM of ABTS reagent mixed potassium persulfate at 2.4 mM 1:1 v/v). After
incubation for 7 min at room temperature, in the dark, the absorbance of the reaction
product resulting from ABTS•+ decolorization was measured at 734 nm. The results were
expressed as µmole of Trolox Equivalents (TE) per 100 g of DM. The standard curve for
TEAC quantification was obtained using different concentrations of Trolox, prepared in
the same solvent as the extracts to be tested (y = −8.6533x + 0.5023, R2 = 0.9979, where “y”
refers to the absorbance and “x” refers to the concentration). Results were expressed as
mean ± SD of at least five independent assays.

2.7.2. Reducing Power (RP)

The RP method was performed according to Oyaizu [32], with slight modifications.
Having been incubated for 20 min at 50 ◦C, the mixture of 500 µL of extract, 1.25 mL
of phosphate buffer (0.2 M, pH = 6.6), and 1.25 mL potassium ferricyanide (1 % w/v)
was mixed with 1.25 mL of trichloroacetic acid 10 % w/v, and centrifuged (1000 g for
10 min) (NüveNF200, Ankara, Turkey). An aliquot of 1.25 mL of supernatant was added to
1.25 mL of distilled water and 250 µL ferric chloride (0.1%). The absorbance was measured
at 700 nm. Ascorbic acid was used as a standard, and the results were expressed in mg of
Ascorbic Acid Equivalents (AAE) per 100 g of DM. The standard curve for quantification
was obtained using different concentrations of ascorbic acid, prepared in the same solvent
as the extracts (y = 5.8557x + 0.0191, R2 = 0.9991, where “y” refers to the absorbance and
“x” refers to the concentration). Results were expressed as mean ± SD of at least five
independent assays.

2.7.3. Phosphomolybdenum Antioxidant Activity (PMA)

The PMA assay was used to assess the antioxidant potential of plant extracts through
the evaluation of the reduction in Mo (VI) to Mo (V). The assay was carried out according
to Prieto et al. [33]. 100 µL of extract was mixed with 1 mL of a solution composed of
sulfuric acid (0.6 M), sodium phosphate (28 mM), and ammonium molybdate (4 mM). After
incubation at 90 ◦C for 90 min, the absorbance of the reaction product was measured at
695 nm, and the results were expressed in mg of AAE per 100 g of DM. The standard curve
for quantification was obtained using different concentrations of Trolox, prepared in the
same solvent as the extracts (y = 4.2625x + 0.0436, R2 = 0.9922, where “y” refers to the
absorbance and “x” refers to the concentration). Results were expressed as mean ± SD of
at least five independent assays.

2.7.4. Ferric Reducing Antioxidant Power (FRAP)

The FRAP assay is widely used to measure the antioxidant potential of foods and
seeds and is based on the reduction in ferric-tripyridyltriazine (Fe3+-TPTZ) to ferrous-
tripyridyltriazine complex (Fe2+-TPTZ), with an intense blue color, with maximum absorp-
tion at 593 nm. The FRAP assay was realized according to Benzie and Strain [34]. 200 µL of
extract was mixed with 3.8 mL of FRAP reagent [10 parts of sodium acetate at 300 mM, pH
3.6, 1 part of TPTZ at 10 mM, and 1 part of ferric chloride (FeCl3.6H2O) at 20 mM solutions].
After incubating at 37 ◦C for 30 min in the dark, the absorbance was measured at 593 nm
and the results were expressed as µmole of TE per 100 g of DM. The standard curve for
FRAP quantification was obtained using different concentrations of Trolox, prepared in
the same solvent as the extracts (y = 7.5314x − 0.087, R2 = 0.9988, where “y” refers to the
absorbance and “x” refers to the concentration). Results were expressed as mean ± SD of
at least five independent assays.
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2.7.5. Hydrogen Peroxide Scavenging Activity

Hydrogen peroxide (H2O2) is a non-radical reactive oxygen species. Although it is
not very reactive itself, H2O2 is highly important due toits ability to penetrate biological
membranes and give rise to the highly reactive hydroxyl radical (•OH) within the cells.
The H2O2 scavenging activity was performed according to Mukhopadhyay et al. [35]. A
mixture of 750 µL of extract and 125 µL of ferrous ammonium sulfate (1 mM) was added to
31.25 µL of H2O2 solution (5 mM), and then incubated for 5 min at room temperature, in the
dark. Next, 750 µL of 1,10-phenanthroline solution (1 mM) was added, and a subsequent
incubation was carried out for 10 min in the dark. A control without extract was performed,
together with the samples, and taken as representative of 0 % scavenging. The absorbance
of the reaction product was measured at 510 nm against a blank sample (without H2O2),
and the percentages of scavenging were calculated according to the following equation:

% Scavenging =

(
Abs extract
Abs control

)
× 100

The results were expressed as the maximum percentage of H2O2 scavenging observed
for the maximum extract concentration tested of 3.88 mg of dry plant/mL (mean ± SD of
at least five independent assays).

2.7.6. Hydroxyl Radical (•OH) Assay

The •OH is the most reactive of the biological radicals and, consequently, its neutraliza-
tion takes a prominent importance from the biological point of view. The •OH scavenging
activity of the extracts was determined according to the protocol proposed by Smirnoff
and Cumbes [36]. 500 µL of extract was mixed with 500 µL of iron sulfate (1.5 mM), 350 µL
of H2O2 (6 mM), and 150 µL of sodium salicylate (20 mM). After mixing and incubating
at 37 ◦C for 1 h in the dark, the absorbance of the reaction product was measured at
562 nm against a blank, and the results were expressed as percentages, according to the
following equation:

% Scavenging =

(
Abs control − Abs extract

Abs control

)
× 100

The results were expressed as the maximum percentage of •OH scavenging observed
for the maximum extract concentration tested of 3.33 mg of dry plant/mL (mean ± SD of
at least five independent assays).

2.7.7. Nitric Oxide Radical (•NO) Assay

The nitric oxide (•NO) radical scavenging assay was realized according to the slightly
modified protocol of Saravanakumar et al. [37]. 500 µL of extract was mixed with 1 mL
of SNP solution (10 mM), and then incubated under the light, at 30 ◦C for 120 min. A
volume of 500 µL from the previous solution was mixed with the same volume of freshly
prepared Griess reagent, and incubated in the dark at 30 ◦C for 30 min. A control without
extract was performed together with the samples. The absorbance of the reaction product
was measured at 546 nm, and the percentages of scavenging were calculated according
to the previous equation. The results were expressed as the maximum percentage of
•NO scavenging observed for the maximum extract concentration tested of 1.5 mg of dry
plant/mL (mean ± SD of at least five independent assays).

2.8. Statistical Analysis

The results were compared using Statistica 7.1 software, through the analysis of the
variance (ANOVA / MANOVA), and the differences among means were determined
using the LSD (Least Significant Difference) test. The level of statistical significance was
set at p < 0.05. The principal component analysis (PCA) was performed using IBM SPSS
statistics software (IBM Corporation, New York, NY, USA, 2015). The relationship among
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the extracts was established by computing the data matrix, consisting of the measured
phytochemical compounds and the antioxidant activities evaluation. All results were
reported as mean ± SD of five determinations.

3. Results and Discussion

Following vast archeological evidence, Opuntia cacti are among the plants with a
greater recognition in quotidian life, being part of population’s nourishment, livestock
feed, and as a natural home barrier. The literature has reported a multitude of phenolic
compounds in all Opuntia species, known for their efficient antioxidant activity and ability
to protect human organisms from the deleterious effects of free radicals through diverse
mechanisms of action. As for other plant species, the Opuntia sp. chemical profile and
biological activities are dependent on several biotic and abiotic factors, such as genus,
species, ripeness, cultivar, growth region, and a kind of plant tissue [3]. In this regard, it is
worth exploring the different Opuntia sp. varieties, with a view to a sustained exploitation
of the different varieties based on scientific evidence.

Some physico-chemical characteristics of both fruits are presented in Table 2. A
significant difference (p ≤ 0.05) in the chemical composition of both Opuntia fruits was
observed, with higher brix and moisture values found for the cultivated fruit (11.48 ± 0.03
and 86.48 ± 0.10%, respectively), when compared with the wild fruits (10.10 ± 0.10 and
83.14 ± 0.14% for brix and moisture, respectively). Concerning the ash content, higher
values where found for the wild fruit (0.53 ± 0.09%) compared to the cultivated one
(0.32 ± 0.03%). The values found for Brix and moisture were close to those found by
Andreu et al. [11], who recorded between 10.70–15.40 and between 79.00–84.40%, respec-
tively, for six Spanish cultivars of OFI fruits. In another study, Dehbi et al. [38] recorded an
average of 0.286–0.613% for ash content in nine Moroccan prickly pears (OFI) juices.

Table 2. Physico-chemical characteristics of cultivated and wild Opuntia fruits.

Opuntia Species Weight (g) Moisture (%) ◦Brix Ash (%)

Cultivated fruit 65.62 ± 18.09 a 86.48 ± 0.10 a 11.48 ± 0.03 a 0.32 ± 0.05 b

Wild fruit 21.93 ± 1.93 b 83.14 ± 0.14 b 10.10 ± 0.10 b 0.53 ± 0.09 a

Differences between the samples were designed with different letters from the most significant (letter a) to the
lowest significant (letter b) (p ≤ 0.05, ANOVA).

De wit et al. [39] presented a study on the effect of the variety and location on the
quality of prickly pear fruits. Our results for the brix are in accordance with the values found
by the authors (between 8.00–14.67), with the highest content found in lower altitude. The
location also influences the Brix: Brix values tend to be lower in fruits derived from regions
with a higher intensity of rainfall (observed particularly in high altitude). Regarding
the fruits’ weight, the values reported here are lower than those found by the authors
(between 96.17–154.89 g), with a higher size found in lower altitude, which coincided
with the samples studied herein. However, other factors may influence this parameter,
such as genetic factors, as concluded by Felker et al. [40]. Despite these, other studies
have reported that the size and weight of the fruits were influenced by environmental
factors, such as season and locality [41,42]; hence, it can be presupposed that several factors
may act together to influence Opuntia species growth, including the altitude, edaphic,
environmental, and genotype factors.

3.1. Taxonomic Identification

The phylogenetic analysis showed that both rcbL and ITS gene regions can be used to
identify the genus of our samples (Opuntia). The obtained branch support value of 0.84 for
the Opuntia genus branch of the rcbL gene tree, which included both the commercial and
wild type sequences. The gene tree of ITS presented a support value of 0.94 for the branch
that included the wild type samples of Opuntia and other species of the genus Opuntia
(Figure 2). The sequences included in the obtained ITS gene tree branch were very similar,
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which did not allow for the identification of the species. The identification of the genus of
the sequences for the gene regions COX-3, 18S and matk was not possible using the gene tree,
which was mainly derived from the low diversity observed between Opuntia phylogenetic
closest genera. The COX-3, 18S and matk alignments showed, respectively, pairwise identity
values of 99.6%, 83.0%, 84.7%, which is in accordance with the low diversity in these genes
region for the Cactaceae family [19,43]. Taking into consideration that the analysis of all
Opuntia gene regions was performed using the intra and inter-specific variation of the
DNA sequences through the Cactaceae family, our methodology can correctly identify the
Opuntia genus when using the rcbL and ITS regions, even if the phylogenetic closest genera
are included.
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Figure 2. PHYML phylogenetic tree section of the ITS gene region, considering one of the Op-
untia sp. branches (red) with a support value of 0.94 and both the comercial (CS1_ITS) and
wild (WF1_ITS) sequences.

The BOLD identification system allowed the identification of the genus Opuntia for the
matk gene region, as shown in Table 3, with a similarity value of 100% (E-value = 0). The
rcbL analysis retrieved a similar result with the identification of the sample as belonging
to the genus Opuntia (E-value = 0, similarity = 99.85). The results of the Geneious BLAST
search for the COX-3 showed that the samples presented no differences in the nucleotides
sequence when compared to all species of the genus Opuntia identified in the results with a
higher bit-score (E-value = 0 and 100% identical sites). Although our previous phylogenetic
analysis identified our sequenced sample in a branch with other closely related genera,
the BLAST result allowed the assignment of the COX-3 sequence to the Opuntia genus. A
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similar result was also obtained for the ITS gene region with identical sites values higher
than 97% for the first 200 hits (E-value = 0), which allowed us to confirm that the samples
belonged to the Opuntia genus. The ITS gene region result analysis also showed that a
match to the species Opuntia ficus-indica is present in the top three bit-scores. The 18S gene
region was the only region with BLAST results that did not allow for the identification of
the sequenced sample genus, producing several hits from different genera.

Table 3. The BOLD identification system results table for the matk gene region.

Match
Rank Phylum Class Order Family Genus Species Subspecies Score Similarity E-Value

1 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia ficusindica 874 100 0

2 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia ellisiana 874 100 0

3 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia
engelmannii
var. lind-
heimeri

874 100 0

4 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia
engelmannii
var. lin-

guiformis
874 100 0

5 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia orbiculata 874 100 0

6 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia dillenii 874 100 0

7 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia ficusindica 874 100 0

8 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia magnifica 874 100 0

9 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia phaeacantha 874 100 0

10 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia setispina 874 100 0

11 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia stricta 874 100 0

12 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia dillenii 874 100 0

13 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia ficusindica 874 100 0

14 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia engelmannii var.
engelmannii 874 100 0

15 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia martiniana 874 100 0

16 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia pailana 874 100 0

17 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia ellisiana 873 100 0

18 Magnoliophyta Magnoliopsida Caryophyllales Cactaceae Opuntia engelmannii var.
engelmannii 873 100 0

The combination of the global results considering the five different gene regions al-
lowed an assignment of our sequences to the genus Opuntia. Nevertheless, a cautions
analysis of each result should be performed taking into consideration the interspecific varia-
tion detected in our phylogenetic analysis considering the family Cactaceae. This is of major
relevance considering that the Opuntia genus branch of the phylogenetic tree for the COX-3,
18S rRNA, and matk, included other closely related genera inside the Cactaceae family.

3.2. Total Polyphenols and Total Flavonoids Content

Fruits and vegetables are rich sources of many phytochemicals, particularly polyphe-
nols, which represent a group of metabolites generally found in high amount, with a wide
variety of structures, and that are able to protect humans against several diseases [44,45].
Many reports have mentioned the importance of flavonoids as the most common and
widely distributed group of plant phenolic compounds; moreover, they point out their
implication in a variety of health-promoting effects, and their indispensable role in a variety
of nutraceutical, medicinal, cosmetic, and pharmaceutical applications [46,47].

Polyphenols are the main contributor to plants’ antioxidant capacity [48]; thus, it is
highly rational to determine their total amount in plant extracts. The statistical analyses
confirmed a significant difference in the TPC between both species (cultivated and wild) of
fruits and their fractions (Figure 3a). The highest phenolic content was found in the wild
Opuntia sp.; which fruit (WF) presented 700.54 ± 13.07 mg GAE/100 g DM, significantly
higher than the value of the cultivated variety (CF), with 453.27 ± 6.80 mg GAE/100 g
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DM (p ≤ 0.05). Regarding the fruit fractions, for both wild and cultivated varieties, the
pulp was richer in total phenols than the seeds (Figure 3a). For the wild pulp (WP),
TPC was 1140.86 ± 11.85 mg GAE/100 g DM, while for the cultivated variety (CP) a
significantly lower content of 429.39 ± 18.95 mg GAE/100 g DM was found (p ≤ 0.05). It is
interesting to note that the seeds of both species contained a low amount of phenols (around
285 mg GAE/100 g DM) when compared with the pulp, but did not significantly differ
among species.
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Within the vast group of polyphenols, the flavonoids family represents the most
important due to its high antioxidant capacity, which mainly results from the variable
number and position of hydroxyl groups in the molecules [49]. The TFC was significantly
different (p ≤ 0.05) between the two varieties and their fractions (Figure 3b). As for TPC,
the highest value was recorded in the wild Opuntia sp., with 90.09 ± 4.96 mg QE/100 g DM,
face to the 61.30 ± 5.44 mg QE/100 g DM of the cultivated variety (p ≤ 0.05). Regarding the
fruit fractions, for both wild and cultivated varieties, the pulp was richer in total flavonoids
than the seeds (Figure 3b). The pulp from the wild variety (WP) presented the highest TFC
(155.62 ± 6.47 mg QE/100 g DM), significantly higher than the value obtained with the
cultivated variety (CF), where the TFC did not surpass 42 mg QE/100 g DM. Contrary to the
observation of the TPC, the seeds of both varieties presented significant differences in terms
of total flavonoids (p ≤ 0.05), with the cultivated variety being richer (48.40 ± 3.24 face to
35.49 ± 3.04 mg QE/100 g for the wild Opuntia sp., respectively).

Several studies have reported the presence of different classes and amounts of phenolic
compounds according to the Opuntia species and their tissues. Through the available reports
undertaken with the Opuntia genus, the species OFI appear to be the most widespread,
with many scientific investigations undertaken on it, in comparison to the other cacti.
Moreover, from the studies found in the literature, different classes of phenols with different
concentrations can be found in Opuntia sp. depending on the species, vegetative part
(seeds, flower, pulp, peel, and cladodes), ripening stage, and other abiotic and geographic
factors such as temperature, soil and altitude [5]. For some authors, ferulic acid was the
most common phenolic acid found in seeds of Opuntia microdasys (Lehm.) N.E. Pfeiffer
and Opuntia macrorhiza Engelm [50], while Amrane-abider et al. [51] found chlorogenic
acid as the most prevalent in OFI seeds. Zenteno-Ramírez et al. [15] found a highest
abundance of gallic acid and of the flavonoid epicatechin in the pulps of different Opuntia
sp., while in different varieties of OFI peels, piscidic acid and isorhamnetin derivates were
the most representative [52]. The most common phenols in Opuntia dillenii (Ker Gawl.)
Haw. cladodes were quinic acid and myricetin, while piscidic acid and isorhamnetin
derivates were found to be the most common in OFI [53–55]. Regarding the flowers,
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Ammar et al. [56] reported quinic acid and quercetin derivates as the most abundant in OFI,
while for the same species, Ouerghemmi et al. [57] found a higher abundance of ferulic
acid and quercetin.

In the quantitative profile, Andreu et al. [11] reported an average of 780.00 mg
GAE/100 g in the pulp of six Spanish OFI cultivars, the values of which followed the
same order of magnitude as those obtained herein. Saravanakumar et al. [37] reported a
high content in TPC and TFC, with 300.88 mg GAE/100 g DM and 21.24 mg QE/100 g DM,
respectively, in a methanolic extract of OFI fruits collected in the summer season. These
values are significantly lower than those obtained in our study; despite the geographic vari-
ation and differences among abiotic factors to which species are exposed, these differences
may be explained by the differences in the solvent used to prepare the extracts. Moreover,
Chaalal et al. [58] reported that TPC ranged between 286.29 and 316.46 mg GAE/100 g
DM, and TFC varied from 19.19 to 27.20 QE/100 DM, in seeds of three Algerian varieties
of OFI. These differences may be attributed to many factors, such as the species, cultivar,
geographical location, cultivation practices, and extraction conditions, which could highly
influence bioactive compounds recovery, more particularly the extraction solvent chosen,
the polarity of which had probably improved the recovery of polyphenols and flavonoid
compounds in the present study.

3.3. Antioxidant Activity Evaluation

Antioxidant activity is one of the best known and important biological activities that
all plant extracts are endowed with. This property is directly related to the high coun-
tenance and variability of plants secondary metabolites, including alkaloids, vitamins,
carotenoids, betalains, flavonoids, and polyphenols. The antioxidant potential of plant
extracts may have positive implications on humans’ health through the direct scavenging
of deleterious free radicals or the modulation of their production, thus delaying the estab-
lishment and improving the recovering of several oxidative stress-associated diseases, such
as atherosclerosis, cancer, neurodegenerative disorders and cardiovascular diseases [11,59].

The antioxidant activity of extracts may be evaluated by several methods; since both
hydrophilic and lipophilic compounds are implicated, many antioxidant mechanisms are
available, and a different reactivity of antioxidant compounds could be evaluated against
each reactive species [60]. Thus, seven in vitro methods were used to access the antioxidant
potential of both Opuntia sp. and their different fractions.

The TEAC is one of the most popular spectrophotometric assays to measure the antiox-
idant capacity of foods, and it is based in the reduction ability of antioxidant compounds
found in extracts towards the synthetic blue-green chromophore ABTS [61]. This assay’s
main advantage is the ability to measure both lipophilic and hydrophilic antioxidant
components, making it more appropriate in comparison to the well-known anti-radical
scavenging method of DPPH [62]. The results for TEAC (Figure 4A) showed that both Opun-
tias’ fruits presented the same antioxidant potential, with almost 2600 µmole TE/100 g DM.
Regarding the fractions, it was found that the pulps of both species had a better potential
(4076.95 ± 97.94 and 2694.11 ± 246.81 µmole TE/100 g DM for WP and CP, respectively)
when compared to seeds that did not present significant differences among the species, with
almost 1500 µmole TE/100 g DM for both cultivated and wild Opuntia sp. A significant
positive correlation (p ≤ 0.001) was observed between TEAC and both TPC and TFC (0.92
and 0.85, respectively), suggesting that these compounds contributed to the antioxidant po-
tential displayed by Opuntia sp. extracts. The ABTS assay undertaken by Andreu et al. [11]
with the pulp of six OFI cultivars reported a range between 640.00 and 3060.00 µmole
TE/100 g DM; the authors also found that peels possessed a higher antioxidant potential
(1470.00–3690.00 µmole TE/100 g DM) than those recorded for cladodes (1580–2840 µmole
TE/100 g DM). The TEAC values reported herein for both Opuntia sp. seeds were higher
than others found in the literature, such as those found by Chaalal et al. [58], with 1067.00
to 1129.00 µmole TE/100 g DM for OFI seeds, and by Kolniak-Ostek et al. [63] for seeds of
different sorts of the same species, with an ABTS•+ scavenging power ranging between
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708.00 to 1149.00 µmole TE/100 g DM. The values obtained herein were more promising
than those reported in the literature, especially for the wild pulp and seeds, highlighting
the importance of exploring the wild Opuntia sp. from the biological and economic point
of view.
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Figure 4. Antioxidant potential of different Opuntia sp. fractions. (A) Trolox equivalent antioxidant
capacity; (B) Reducing power; (C) Ferric reducing antioxidant power; (D) Phosphomolybdenum
antioxidant activity; (E) Hydrogen peroxide scavenging activity; (F) Hydroxyl radical inhibition assay;
(G) Nitric oxide radical scavenging assay. TE, Trolox Equivalents; AAE, Ascorbic Acid Equivalents;
H2O2, Hydrogen Peroxide; •OH, Hydroxyl Radical; •NO, Nitric Oxide Radical; DM, Dry Matter.
Results are expressed as mean ± SD corresponding to the maximum percentage of inhibition of
Opuntia sp. extracts, determined by at least five independent assays. Significant differences between
the samples were designed with different letters from the most significant (letter a) to the lowest
significant (letter f) (p ≤ 0.05, ANOVA).

The RP is an assay developed to measure the compounds able to reduce the fer-
ric (Fe3+) ions to the reduced ferrous (Fe2+) forms; more precisely, this assay allows
us to measure the reductant compounds that can react with potassium ferricyanide to
form potassium ferrocyanide [64]. The results for RP (Figure 4B) showed a significantly
higher potential for the wild Opuntia sp. extracts than for the cultivated one, with
WF demonstrating 335.91 ± 4.25 mg AAE/100 g DM and CF having 170.94 ± 2.81 mg
AAE/100 g DM. Regarding the fractions, it was found that WP and WS had the best
reduction capacity (625.54 ± 3.54 and 179.28 ± 1.43 mg AAE/100 g DM for WP and WS,
respectively); for the cultivated fraction, a higher activity was found for the seeds, with
144.65 ± 4.42 mg AAE/100 g DM, followed by the pulp with 125.86 ± 1.87 mg AAE/100 g
DM. As previously observed for TEAC, a significant positive correlation (p ≤ 0.001) be-
tween the RP and TPC and TFC was observed herein (0.96 and 0.94, respectively). The
study undertaken by Chougui et al. [65] in seeds of four OFI cultivars reported RP values
ranging from 32.30 to 51.30 mg AAE/100 g DM. Elsewhere, Arró-Díaz et al. [60] recorded
an excellent reducing potential for ellagic acid and the ethanol extract of Gymnanthes lucida
Sw leaves when compared to the ascorbic acid solution. The authors consequently deduced
that a higher amount of free hydroxyl groups in the evaluated compounds could be directly
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related to a higher reducing power of sample extracts. As for TEAC, the values reported
herein are also more promising than the ones found in the literature.

FRAP is a widely used method to measure the total antioxidant potential of several
foods and plant extracts; it is principally based on the reduction of ferric 2,4,6-tripyridyl-s-
triazine complex ([Fe3+-(TPTZ)2]3+) to the intensely blue-colored ferrous complex [Fe2+-
(TPTZ)2]2+ at low pH [14]. The results from the FRAP assay, confirmed by ANOVA analysis
(Figure 4C), showed higher values for the wild fruit, with 3388.80± 169.76 µmole TE/100 g
DM, than for the cultivated fruit (1844.40 ± 88.00 µmole TE/100 g DM). Concerning
the fractions, WP displayed an antioxidant capacity almost six times higher than CP
(5905.46 ± 181.05 µmole TE/100 g DM for WP vs. 1491.75 ± 62.95 µmole TE/100 g DM for
CP), while the fraction of the seeds of both Opuntia sp. had a similar antioxidant potential,
with less than 2300 µmole TE/100 g DM. As before, both total phenols (0.92, p ≤ 0.001) and
flavonoids (0.95, p ≤ 0.001), in particular, seem to contribute to this biological activity. It
was interesting to note that there were no significant differences between seeds of both
Opuntia sp. fruits, which showed an even higher antioxidant capacity than the pulp of
cultivated species. This may be due to the difference in bioactive compounds present in
both fractions. In addition, CF had slightly higher potential than CP when compared to the
WF; these results were in line with the polyphenols and flavonoids content, which were
found to be higher in CF than in CP. The FRAP results obtained for WP were better when
compared to the results obtained by Andreu et al. [11]. The authors reported a reducing
capacity ranging between 1500 and 3230 µmole TE/100 g DM for the pulp of six OFI
cultivars; this difference may also be explained by the differences between the Opuntia sp.
studied. Moreover, Kolniak-Ostek et al. [63] reported a range between 367 and 889 µmole
TE/100 g DM in seeds of six OFI varieties.

PMA is another assay developed to determine the total antioxidant activity of ex-
tracts, and is based in the evaluation of the reduction in molybdate ions from Mo6+ to
Mo5+ in acidic conditions [61]. The statistical analysis of PMA showed a higher potential
for cultivated Opuntia sp. (7000.84 ± 178.09 mg AAE/100 g DM) than for the wild one
(4904.81 ± 121.15 mg AAE/100 g DM) (Figure 4D). The pulp’s fraction in both species re-
vealed a higher activity than that recorded for seeds (9242.24± 124.50 and 8524.81 ± 235.86 mg
AAE/100 g DM for WP and CP, respectively, vs. 1071.93 ± 41.07 and 720.25 ± 56.99 mg
AAE/100 g DM for CS and WS, respectively). As before, both total phenols (0.67, p ≤ 0.001)
and flavonoids (0.57, p ≤ 0.001) seemed to contribute to PMA. To our knowledge, there
is only one report on PMA with Opuntia sp., developed by Shan et al. [66], who reported
that PMA varied between the different fruits studied. The value found by the authors
for O. dillenii fruits was almost 26.42 mg AAE/100 g of fresh weight. Once the values
were presented in different units, comparisons with the present study were not possible
to establish.

Effect on Physiological Reactive Species

Oxidative stress describes a condition of oxidative damage occurring in cells, and
resulting from an imbalance between the pro-oxidant system and antioxidant defenses.
The pro-oxidant system is reinforced by the excess of some molecular species, which can be
classified into radical and non-radical reactive species. Free radicals are defined as species
containing an unpaired electron in their outer shell, such as: •OH, superoxide (O2

•–), •NO,
and nitrogen dioxide (•NO2) radicals. This makes these species unstable, hence they tend
to trap an electron from adjacent molecules to compensate for their electron deficiency. The
non-radical reactive derivatives, also called oxidants, encompass molecules such as H2O2,
ozone (O3), singlet oxygen (1O2), hypochlorous acid (HOCl), and nitrous acid (HNO2).
These species are more stable than free radicals but can easily lead to free radical reactions
in living organisms. Both radical and non-radical reactive species are produced from
cell metabolism or generated from external sources, such as pollution, cigarette smoke,
radiation, and medication. Although free radicals can have an important role in biologic
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processes, when present in low amounts, their uncontrolled production and accumulation
is at the root of oxidative stress and harmful effects [67–69].

H2O2 may occur in the body through the environment, by inhalation of vapor, or mist,
and through eye or skin contact; otherwise, it can also be generated inside the body by
several enzymes, such as superoxide dismutase (SOD) and amino-acid oxidases. H2O2 is a
nonradical reactive species of oxygen (ROS). Even if it is considered to be poorly reactive
due to its weak oxidation capacity, H2O2 can cross the cellular membrane easily, and
once inside the cell, it can generate the •OH, which is considered to be the most reactive
ROS for the body [14,61]. The results of H2O2 inhibition (Figure 4E) showed a difference
between both Opuntia sp. fruits, with 29.69 ± 0.95 and 23.46 ± 0.58% of inhibition for
CF and WF crude extracts, respectively, for the highest concentration tested of 3.33 mg of
DM/mL. As for the pulps, which showed a better efficiency than seeds, WP demonstrated
two-times more effectiveness than that recorded for CP (72.34 ± 0.98 and 31.26 ± 0.16%
for WP and CP, respectively), while seeds of cultivated Opuntia sp. had 24.42 ± 0.42% of
scavenging potential, better than that found for WS (12.71 ± 0.36%). Through the literature,
Chougui et al. [70] reported that H2O2 inhibition was between 76 and 96% for crude
ethanolic extracts of seeds of OFI cultivars. The authors also found that this antioxidant
effect was positively correlated with phenolic compounds, well-known to be good electron
donors, allowing to accelerate the conversion of H2O2 into H2O. Saravanakumar et al. [37]
found that the ripening stage and extraction solvent influenced the antioxidant activity of
OFI fruit, with the highest H2O2 scavenging reaching 70% for the methanolic extract of
fruit collected in summer, at 100 µg of dry extract/mL, while the water extracts of fruits
presented approximately 43% of inhibition at the same concentration. The results obtained
for the seeds and fruits fractions evaluated herein were lower when compared with the
cited authors, which may be related to the bioactive compounds found in the extracts.
Moreover, it should be noticed that for Saravanakumar et al.’s (2015) study, the aqueous
extracts of OFI fruit gave much lower inhibition potential for H2O2 when comparing to the
methanolic ones.

•OH is one of the most potent ROS in biological systems [71], and is well known for its
extreme reactivity, attacking most cellular compounds, such as amino acids, carbohydrates,
lipids and nucleic acids [72]. The results for •OH scavenging (Figure 4F) revealed more
activity for the wild Opuntia sp. than for the cultivated one, with higher activity observed
for WF, with 72.07 ± 2.28% than for CF (16.74 ± 1.44%), for the highest concentration
tested of 3.88 mg of DM/mL. Concerning the fractions, Opuntia sp. pulps’ were better,
with 92.12 ± 0.50 and 21.41 ± 1.82% for the WP and CP, respectively, while WS exhibited
27.30 ± 0.92% and CS 16.55 ± 0.71% of inhibition. The results obtained with the wild fruits
were more promising than those obtained by Saravanakumar et al. [37], who found a •OH
scavenging capacity of 60% for OFI fruit methanolic extracts (100 µg/mL of dry extract).
In addition to the concentration tested, the difference found can also be attributed to the
chemical composition of Opuntia species, which can highly influence their antioxidant
potential. As expected, a significant positive correlation was observed between H2O2 and
•OH scavenging and TPC (0.89 and 0.93, p ≤ 0.001, respectively) and TFC (0.88 and 0.91,
p ≤ 0.001, respectively).

•NO is a pleiotropic mediator in the body, mainly generated from an enzymatic
pathway involving the nitric oxide synthase (NOS) and its isoforms. This free radical is
implicated in many physiological processes, such as neurons signalization, smooth muscle
relaxation, regulation of the immune system, and so forth [30,73]. However, when it
is found in large excess, •NO, with its brief second lifetime, is highly reactive, and can
react with oxygen and other molecules to generate reactive nitrogen species (RNS), which
can interact with many molecular targets within the cell and cause multiple deleterious
effects [74]. The results of •NO scavenging are displayed in Figure 4G. The cultivated fruit
presented a significantly better ability to scavenge •NO (55.22 ± 1.56%), almost two times
higher than that found for the wild one (28.41± 2.36%), for the highest concentration tested
of 1.50 mg of DM/mL. Regarding the fractions, seeds of both Opuntia sp. exhibited a better
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•NO scavenging potential than their pulps, with 37.27± 1.94 and 32.58± 1.77% for WS and
CS, respectively, in comparison to the 32.44 ± 2.74 and 28.92 ± 0.69% found for WP and
CP, respectively. It is worth mentioning that there was no significant difference between
WP and CS fractions. Contrary to what was observed for the previous assays, a statistical
correlation between •NO scavenging and the phenolic compounds analyzed herein was
not established, possibly suggesting that Opuntia sp. phenols are more prone to scavenge
free radicals of oxygen than free radicals of nitrogen. The involvement of other bioactive
compounds present in the extract of •NO scavenging should also not be disregarded. The
results obtained for the seeds and fruit extracts were similar to some previous studies,
which recorded a •NO scavenging around 56% for methanolic extract of OFI fruits (100 µg
of dry extract/mL), and from 21.51% to 34.67% for crude acetonic seeds extract of OFI,
respectively [37,58]. Otherwise, when comparing the results obtained between both species
studied herein, it can be hypothesized that the fruit of cultivated species possessed more
compounds that were able to scavenge •NO than the fruit of the wild species.

In order to better scrutinize the correlation between the studied extracts and the biolog-
ical activities displayed by them, a principal component analysis (PCA) was applied. The
results obtained from the measured phytochemical compounds and antioxidant activities
were reduced from the multivariate data to a two-dimensional presentation, as shown
in Figure 5.
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Figure 5. Projection of Opuntia sp. extracts (A) [variables: Wild seeds (WS), Cultivated seeds
(CS), Wild pulp (WP), Cultivated pulp (CP), Wild fruit (WF), Cultivated fruit (CF)] and loadings
(B) by chemical composition and bioactivities [variables: total phenolic content (TPC), total flavonoid
content (TFC), Trolox equivalent antioxidant capacity (TEAC), reducing power (RP), Ferric reduc-
ing antioxidant power (FRAP), Phosphomolybdenum antioxidant activity (PMA), Hydrogen per-
oxide scavenging activity (H2O2), Nitric oxide scavenging (•NO), Hydroxyl radical scavenging
(OH)] into the plane composed by the principal components PC1 and PC2 containing 89.41% of the
total variance.

As can be observed, the cumulative variance was about 89.41% of the variability,
explained by the first principal component (PC1) accounting for 73.79% of the variance,
and the second (PC2) with 15.62%. According to the PCA, it can be concluded that, with
the exception of •NO scavenging, the other activities are positively correlated, being posi-
tioned in the positive axis of PC1. TPC and TFC appear superimposed, as expected, once
flavonoids contained in phenolic compounds are also determined in the TPC assay. These
compounds do not explain the activity measured for •NO, appearing in opposite quadrants
of the PCA, but are positively correlated with the remaining assays. These observations
are in accordance with the literature, with several studies reporting a positive correla-
tion between polyphenols and the antioxidant capacity of plants [58,75–78]; moreover,
Dong et al. [79] found that polyphenols from oat improved a range of metabolic syndromes
in high-fat-diet-fed mice, including an improvement of oxidative stress in liver cells, by
reducing lipid peroxidation and increasing the activity of some antioxidant enzymes (cata-
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lase, superoxide dismutase, and glutathione-peroxidase), which contributed to enhancing
the liver protection from oxidative damage. Regarding Opuntia sp. cultivars and extracts,
both wild and cultivated seeds appear very close, demonstrating that, in a general way, they
are very similar, both in terms of chemical composition and biological activities. Regarding
the other tissues, there is not a clear correlation between them, although, those from wild
Opuntia sp. were more active than those from the cultivated group, and the wild pulp
presented the strongest correlation with the radicals scavenging evaluated in this study.

In summary, the differences obtained between both species and their tissues should not
be limited to the amount of phenolic compounds present in the extracts, but also extended to
their profile, as well as to other secondary metabolites endowed with antioxidant potential.
Regarding phenols, various studies have demonstrated positive correlations between
antioxidant activity and the enrichment in phenolic acids, especially those which were
highly associated with radical scavenging, such as ferulic acid, caffeic acid, apigenin and
luteolin, also reporting the prebiotic effect of these compounds [80]. In relation to other
compounds, Koss-Mikołajczyk et al. [81] reported that vitamin C and betalains were among
the main contributors to the total antioxidant capacity of prickly pears; they also reported
a better antioxidant efficiency for betacyanins, rather than betaxanthins. Furthermore,
according to Kalinowska et al. [82], the differences in the results could also be related
to the mechanism of action, as well as to the reactionary environment specific to each
method, such as the pH and the type of solvent, which may influence the ionization state of
biomolecules present in the extract and, therefore, the rate of their antioxidant mechanism.

4. Conclusions

This study was conducted for the first time in a wild Opuntia species grown in Bejaia,
Algeria. The results showed that phenolic compounds and flavonoids were present in all
fractions of both Opuntia species, with a significantly higher amount in the pulp of the
wild species (1140 mg GAE/100 g vs. 429 mg GAE/100 g for the cultivated Opuntia). The
different antioxidant assays realized prove the potential of both species to prevent oxidative
stress. However, the wild species demonstrated a more significant antioxidant potential,
and particularly its pulp, with the phenolic compounds highly correlated with the radical
scavenging (p ≤ 0.001). Overall, the results clearly provide evidence that both Opuntia
species can be of great benefit for human health, with the potential to prevent consumers
from oxidative stress-related diseases. The wild Opuntia sp. stood out, emphasizing its
potential application in the areas of nutraceuticals, cosmetics, and as a non-pharmacological
approach, with application in different kinds of states where oxidative stress has a promi-
nent role. Moreover, the exploitation of wild Opuntia sp. can have huge importance for the
economy of Algeria, where this undervalued species is very abundant.
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