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Summary

Introduction: Okra (Abelmoschus esculentus (L.) Moench) is a widely consumed vegetable valued for its rich
nutritional content and diverse bioactive compounds.

Objective: The objective of this study was to evaluate the extraction yield, phenolic composition and
antioxidant capacity of hydro-ethanolic extract of fresh fruit pericarp of late-maturity okra from six
accessions grown in Biskra (South Algeria) where the pericarp is considered as an agricultural by-product.

Methods: Total phenolic and flavonoids contents were analysed by Folin Ciocalteu and aluminum chloride
assays, respectively. Antioxidant capacity was studied in vitro by using DPPH radical scavenging activity,
ABTS and phenanthroline assays. Phenolic compounds were analysed by LC-ESI-MS/MS.

Results: The hydroethanolic extract from the BA accession collected from Beni Abbes region had the highest
extraction rate at 17.91+0.37%. The GH accession collected from Ghardaia region exhibited the highest
values of total phenolic contents (38.77+2.6 ug GA/mgDE). This accession showed the highest activity in
the DPPH assay (IC, =372.99+2.84 ug/ml). The extract from BI1 accession (collected from Biskra) showed
a higher capacity to scavenge the ABTS* radical (IC, =187.02+7.00 pg/ml). The extracts from the AD
accessions collected from Adrar region demonstrated strong antioxidant capacity in reducing metallic ions
(A, values=159.75+17.32 pg/ml). Ten distinct phenolic compounds were identified, with most of these
compounds being reported for the first time. Notably, p-coumaric, caffeic, 0-coumaric, and salicylic acids
were found in the extracts of all accessions.

© 2026 Lahmadi S. et al.
This is an open access article licensed under the Creative Commons Attribution-NonCommercial-NoDerivs
License (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Conclusion: Okra fruit pericarp at late-stage maturity is considered an important and diverse source of

medically phenolic compounds.

Key words: Abelmoschus esculentus (L.) Moench), antioxidant activity, fruit pericarp, LC-ESI-MS/MS,

phenolic compounds, plant accessions

Stowa kluczowe: Abelmoschus esculentus (L.) Moench), aktywnos¢ przeciwutleniajgca, owocnia, LC-ESI-

-MS/MS, zwigzki fenolowe, pochodzenia roslin

INTRODUCTION

The diversity of inputs in crop species is crucial
to improve productivity and thus enable the
development of new and more valuable agricultural
products [1]. However, the intraspecific diversity in
crops is due to environmental factors and genetic
variability [2]. Okra is extensively cultivated in
tropical and subtropical regions [3], and its optimal
temperature for growth is approximately 30°C [4].
It is an annual vegetable crop with a strong, erect,
branched stem ranging in height from 50 to 400 cm
[5]. Additionally, cultivation methods, pedoclimatic
variables, and genotype all affect fruit size and pod
characteristics. According to [6], the length of dry
mature fruit is 15 cm in the long green fresh fruit
accession and 11.69 cm in the short red fresh fruit
accession. Okra is a multipurpose crop that is widely
recognized for its genetic diversity and its diverse
nutritional value and bioactive components. These
components include dietary fibre, vitamins, sugars,
polyphenols, proteins, and fatty substances, which
are present in the fresh leaves, buds, flowers, fruits,
stems, and seeds of the plant [6-8]. In addition,
okra is a native crop of the south of Algeria, where
it is grown to make young okra fruits that are
usually used in soups. To our knowledge, studies
conducted on Algerian okra accessions focused on
morphological, fibre and mineral characteristics
of different parts of okra (stem, fruit, pericarp and
seed) [6]. Unexpectedly, no studies have examined
the phytochemical constituents of Algerian okra
accessions in the literature review.

On the other hand, in south Algeria okra
fresh pod production is usually available from
March to December, with its peak production
season occurring during the summer months
(personal observation and communication with
local growers). However, summer temperatures in
these regions can sometimes exceed 47°C in July
and August [9] resulting in soil water deficiency,
especially when irrigation doses and frequency are
inadequate. Water shortages also increase the crude
fibre content of okra fruits, making them woody

and inedible [10], which is considered a late-stage
maturity ripening. The elimination of these fruits
is necessary to maintain a good production of
fresh fruits and therefore, it can be considered an
agricultural by-product. According to [11] some
such by-products have been found to be effective
sources of phenolic antioxidants. In order to clarify
the matter and to increase the value of secondary
agricultural products derived from okra fruits, the
investigation has been restricted to stems [12].

The objective of this investigation was to assess
the antioxidant capacity of hydroethanolic extracts
from the pericarp of six okra accessions at the final
stage of maturity, which were harvested from Biskra
region in Algeria. Subsequently, the identification
and quantification of phenolic compounds were
conducted using LC-ESI-MS/MS. To our knowled-
ge, there are no published reports on the evaluation
of the phenolic compounds of the okra pericarp
using LC-ESI-MS/MS.

MATERIAL AND METHODS

Plant material

This study was conducted in three phases: collection,
seeding, and sample preparation. In the first phase,
local okra seeds were gathered from various
locations across Algeria’s arid regions, including
four major districts (Table 1).

Seeds collected were kept at 4°C in the Plant
Physiology and Bioactive Molecules Laboratory at
the Scientific and Technical Research Center for
Arid Areas (CRSTRA) in Biskra, Algeria.

In the second stage, the collected biological
material was sown in field plots at the CRSTRA Bio-
Resources experimental station on April 19, 2022,
following a completely randomized design. The soil
is a loam-clay soil with less than 3% organic matter.
No organic fertilizer was used.

In the third stage, okra fruits were harvested
from the plants on July 21, 2022. A voucher
specimen (fruit) of this harvest was disposed in
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Table 1.

Geographic location of okra seeds collected

City Code Longitude Latitude Collection date  Altitude [m.s.d]
Ghardaia GH 31°58'42.25"N 3°44'51.04"E 2021 426
Beni Abbes BA 30°7'45.76"N 2°10'34.38"W 2022 407
Biskra BI1 34°42'27.71"N 5°53'13.54"E 2021 25
Biskra BI2 34°47'11.14"N 5°49'30.37"E 2021 59
Biskra BI3 34°49'43.84"N 5°54'56.67"E 2021 118
Adrar AD 27°51'44.78'N 0°18'16.48"W 2022 328

the herbarium of the Laboratory of Biosystematic,
Scientific and Technical Research Center for Arid
Areas (CRSTRA), Biskra, Algeria under number
(020.CRSTRA.0001). After being dried in the shade
at room temperature, the seeds were removed. For
this study, only the pericarps (fruits without seeds)
were used. These pericarps were then cleaned and
ground using a mechanical grinder.

Ultrasound-assisted extraction

Ultrasound-assisted extraction was carried out
using a Bandelin Sonorex Digetec model (Type:
DT 514, Germany), operating at 250 W power and
a frequency of 35 kHz. Separate 3 g samples were
placed in beakers and extracted for 40 min with
100 ml of a 70:30 v/v ethanol-water mixture at a
constant temperature of 60°C. The extract solution
was filtered through filter paper, and the solvent was
removed from the extracts by vacuum evaporation
at 40°C using a rotary evaporator (R215, BUCHI
Labortechnik AG, Flawil, Switzerland). The resulting
dry extracts were then collected and stored in the
dark at 4°C.

Extraction yield of total phenols content (TPC)
calculation

The extraction yield of the samples was calculated

as dividing the weight of the extract by the weight of
the sample, then multiplying the result by 100.

Total phenols content (TPC)

A 96-well microplate reader (Thermo Scientific
TMMultiskan Sky, Singapore, ref: 5111700DP)

was used to analyse the total phenolic content of
the extracts according to the method of [13]. The
protocol was based on mixing 20 ul sample with
100 ul Folin Ciocalteu reagent and 75 ul (7.5%)
sodium carbonate. Absorbance was measured at
740 nm after 2 h incubation in darkness at a room
temperature. Results were expressed in micrograms
of gallic acid equivalents per milligrams of dry
extract (ug GAE/mg DE). The calibration curve for
the determination of total phenols was as follows:
y =0.002 x + 0.010 (R* = 0.989).

Total flavonoids content (TFC)

Total flavonoid content was assessed according
to the method of [14] with slight modifications
to enhance accuracy. 20 pul of each diluted extract
solution was mixed with 10 ul of 10% aluminium
nitrate, 10 ul of potassium acetate (1 M) and 130 ul
of methanol. After 40 min incubation at room
temperature, the absorbance was measured at
415 nm. The flavonoid content was expressed as
micrograms per milligram of quercetin equiva-
lents of dry extract (ug QE/mg DE). The calculation
was based on a calibration curve with the equation
y =4.63x - 0.0516 (R* = 0.9988).

LC-ESI-MS/MS analysis

Bioactive compounds in six hydro-ethanolic
extracts were identified and quantified using LC-
ESI-MS/MS analysis, conducted on an Agilent
1260 Infinity II LC System connected to a tandem
mass spectrometer. The method had a flow rate of
0.4 ml/min, with a total run time of 30 min, and
the oven temperature was maintained at 25°C.
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Chromatographic separation was performed using
a reversed-phase Agilent Poroshell120 EC-C18
analytical column (100 mm x 3.0 mm, 2.7 ym).
Eluent A, comprising water with 5 mM ammonium
formate, and eluent B, consisting of acetonitrile
with 0.1% formic acid, were used as mobile phases
under isocratic conditions with a composition of
75% A and 25% B. Mass spectrometry was performed
using an Agilent 6460 Triple Quadrupole Mass
Spectrometer System with electrospray ionization
(LC-ESI-MS/MS) to detect the compounds. The
acquisition was carried out in both positive and
negative ionization modes. Agilent Mass Hunter
Software was used to perform data analysis.
A multiple reaction monitoring (MRM) method
was employed to precisely identify and quantify
the phytochemical compounds. Collision energies
were optimized to ensure optimal fragmentation
and transmission of the target ions. The mass
spectrometer was operated with a nitrogen (N2)
drying gas flow of 15 ml/min, a nitrogen nebulizing
gas flow of 11 ml/min, a capillary voltage of 4 kV,
and a gas temperature set at 350°C. As stated by [15],
the validation parameters for the method, such as
the limit of detection (LOD), limit of quantification
(LOQ), and linearity range, were examined and
determined. The samples were prepared using the
method of [16] with slight modifications. A 50 mg
portion of hydroethanolic extracts was dissolved
in a mixture of 1 ml ethanol and 1 ml hexane in
a 2 ml Eppendorf tube. The solution was vortexed
for 2 min at 4°C using a Bioprep-24 homogenizer
and then centrifuged at 9.000 rpm for 10 min at
4°C using a Hettich Universal 320R centrifuge
(Germany). A 100 ul sample was collected from
the separated methanol phases and diluted with
distilled water at 900 pl. The final samples were then
filtered through a Captiva premium syringe filter,
featuring a polypropylene shield, a 25 mm diameter
nylon membrane with a pore size of 0.45 ym, and
an injection volume of 5.12 ul. The gradient elution
was optimized with the following steps: 0-5 min,
10-20% A; 5-10 min, 20-30% A; 10-15 min,
30-50% A; 15-20 min, 50-70% A; 20-25 min,
70-90% A; 25-30 min, 90-50% A; and 30-35 min,
returning to the initial conditions. The bioactive
compounds in each extract were identified based
on their retention times, mass-to-charge ratios
(m/z), and characteristic fragmentation patterns
obtained by LC-ESI-MS/MS analysis. The acquired
MS/MS spectra were compared with data from
the literature and, when available, with reference
spectral databases.

Antioxidant activity evaluation

DPPH free radical-scavenging capacity

The microplate reader analysis of DPPH" scavenging
activity of hydro-ethanolic extracts was evaluated
using the method of [17]. About 40 ul of each
methanolic extract concentrations (18.75, 37.5,
75, 150, 300, 600 and 1200 ug/ml) was added to
160 pl of methanolic DPPH solution (6 mg DPPH
dissolved in 100 mg methanol). The mixture was
shaken vigorously and left at a room temperature in
the dark for 30 min. The experiment was performed
in triplicate and the absorbance was determined at
517 nm by using a 96-well microplate reader. The
ability to scavenge the DPPH radical of each extract
concentrations was calculated using the following
equation [1]:

DPPH scavenging effect (%) = [(A0 - A1/A0)] x 100 [1],

where A0 was the absorbance of the negative
control and A1 was the absorbance of the sample at
30 min. The obtained inhibitions were plotted with
the concentrations of the samples. These resulting
plots were then utilized to determine the IC_  values,
which represent the concentration of the samples
necessary to reduce DPPH by 50%.

ABTS radical scavenging assay

The microplate reader analysis of ABTS* sca-
venging activity was assessed using the method
described by [18]. The ABTS* was obtained by
mixing 19.2 mg of 7 mM ABTS solution and 3.3 mg
of 2.45 mM potassium persulphate solution, this
emulsion was stored for 16 h at room temperature
in the dark. Subsequently, the ABTS** was diluted
with ethanol to the absorbance of 0.750 (+0.020) at
734 nm. Then, 160 ul of ABTS** solution was added
to 40 ul of sample solution in methanol at different
concentrations (18.75, 37.5, 75, 150, 300, 600 and
1200 pg/ml) and these mixtures were homogenized.
The experiment was done in triplicate and the
absorbances were recorded at 734 nm by using a 96-
well microplate reader. After 10 min, the inhibition
percentage of each concentration was calculated
relative to a blank absorbance (methanol), following
the equation [1].

Phenanthroline activity

Fe?*-phenanthroline reduction was conducted
following the method of [19]. In a 96-well microplate,
10 ul of the tested extract at various concentrations
(37.5, 75, 150, and 300 ug/ml) was combined with
50 ul of FeCl, (0.2%), 30 ul of 1,10-phenanthroline
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(0.5%), and 110 yul of methanol. The mixture was
incubated at 30°C for 20 min, after which the
absorbance was measured at 510 nm. The results
are expressed in absorbance and in A, (ug/ml)
corresponding to the concentration indicating ab-
sorbance 0.50.

Statistical analysis

Data were analysed using Statistix 6 for ANOVA,
regression and co-relation analyses. Probabilitylevels
(p<0.05). were considered to analyse the difference
among treatment means. Analysis of one-way
variance (ANOVA) was performed and significant
differences among means were determined using
Newman-Keuls Multiple Range test (p<0.05).

RESULTS AND DISCUSSION

The extraction was carried out using an ultrasound-
assisted extraction method with ethanol/water
solvent. Due to its efficiency, this method has
become increasingly popular for extracting natural
compounds, necessitating less solvent and energy.
Additionally, it is regarded as a sustainable “green”
technology [20]. However, the choice of solvent plays
a crucial role in determining the types of molecules
extracted [21, 22]. Several studies have employed a
combination of different solvents in different ratios
to enhance the extraction of phenolic compounds
[23, 24]. Additionally, a number of studies have

emphasized the use of hydroethanolic solvents for
phenolic compound extraction [25, 26], since this
solvent is thought to be safe for human consumption
and to be useful in natural medicinal applications
[27].

Extraction yields, TPC and TFC contents of okra
fruit pericarp accessions

The extract yield TPC and TFC contents of six
accessions of okra fruit pericarp obtained by the
ultrasound-assisted extraction techniques using
ethanol and water at v/v ratios of 70:30 is illustrated
in Table 2. BA accession extract yield gave the
highest extraction yield by 17.91+£0.37% followed
by accession from GH (14.53+0.55%) in the second
group, and AD with BI3 accessions in the third
group (12.94+1.15% and 12.49+0.45%, respectively).
Contrarily, the lowest yields were observed in BI1
and BI2 accessions (12.50+0.40% and 11.18+1.67%,
respectively). Although the accessions in this study
were cultivated under identical conditions, the okra
fruits were harvested on the same day and at the
same stage of maturity with the extraction process
being standardized. However, significant differences
in extract yield were observed across the various
accessions. Similarly, [28] observed variability in
extraction yields from the rhizomes of ten Curcuma
aeruginosa accessions, which were grown under
the same conditions and extracted using the same
method. This suggests that genetic factors are likely
responsible for the variation in extract yields.

Table 2.

Extraction yields, total phenol and total flavonoid contents in okra fresh fruit pericarp at late-stage maturity

Okra Extraction yields [%] TPC TFC
Accessions [ug GAE/mg DE] [ug QE/mg DE]
AD 12.94+1.15% 14.07+1.21¢ -
BA 17.91+0.37¢ 21.29+1.83° -
BI1 12.50% 0.40¢ 17.85+1.42¢ -
BI2 11.18+1.67¢ 16.00+2.03 -
BI3 12.49+0.45" 13.52 + 0.84¢ -
GH 14.53+0.55° 38.77+2.6° -

The values are presented as mean +SD (n=3). AD refers to okra accessions from the Adrar region, BA represents okra accessions from the Beni
Abbes region, BI1, BI2, and BI3 accessions from different sites in the Biskra region, and GH refers to okra accessions from the Ghardaia region. TPC
stands for total phenolic content, TFC for total flavonoid content, g GAE/mg DE: microgram gallic acid equivalent per milligram of dry plant extract.
ug QE/mg DE: microgram quercetin equivalent per milligram of dry plant extract. Letters indicate statistical differences among means (p<0.05).
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The amounts of total polyphenols varied
significantly between the fruit pericarps of okra
accessions. GH accession showed maximum
quantity of TPC (38.77+2.6 ug GAE/ mg DE) follo-
wed by the BA accession (21.29+1.83 ug GAE/
mg DE). While, BI2 and AD accessions (13.52+0.84,
14.07+1.21 ug GAE/mg DE, respectively) had the
lowest TPC. A similar finding was reported by [29],
who observed variation in the phenolic content
of five okra fruit skin cultivars collected in China.
This variation was significantly affected by genotype
factors [30]. The total flavonoid content was not
detected in all extracts. This absence of detectable
total flavonoid content in the hydro-ethanolic
extracts may be attributed to the low absorbance
recorded during spectrophotometric analysis,
as previously reported [31]. Another plausible
explanation is the limited affinity between flavonoid
compounds and the extraction solvent used. As is
well known, the efficiency of compound extraction
is strongly influenced by solvent polarity [32].

Furthermore, flavonoid distribution within okra
isknown to vary significantly depending on the plant
organ, developmental stage, and environmental
conditions. In the present study, the analysis focused
on the pericarp of okra fruits harvested at the final
maturity stage, which may contain lower flavonoid
levels compared to other tissues such as seeds, leaves,
or flowers reported in earlier studies. In addition,
thermal stress and growth conditions may further
influence flavonoid biosynthesis and accumulation.

To the best of our knowledge, comprehensive
studies specifically investigating flavonoid content
in okra fruits using hydro-ethanolic or semi-
polar solvent extracts remain limited. This lack of
available data makes direct comparison difficult
and highlights the originality of the present work,
while also suggesting that future studies employing
a wider range of solvents and analytical approaches
may be necessary to fully elucidate the flavonoid
profile of okra fruit tissues.

LC-ESI-MS/MS results

Using chromatographic methods, earlier research
has documented the phenolic content of various
okra tissues. In a separate study, the identification
and quantification of isoquercitrin, protocatechuic
acid, quercetin-3-O-gentiobioside, quercetin, and
rutin were achieved through the use of HPLC-DAD/
ESI-MS to analyze a methanol extract of fresh okra
fruit [33]. Additionally, quercetin derivatives and
kaempferol derivatives were identified and quantified
in hydroethanolic extracts of fresh okra fruits [8].

Similarly, the phenolic compounds in methanolic
extracts of okra fruits were analysed by HPLC-
DAD. The study identified and quantified quercetin-
3-O-gentiobioside, quercetin-3-O-glucoside (iso-
quercitrin), rutin, a quercetin derivative, pro-
tocatechuic acid, and a catechin derivative [34].
In a separate study, [35] determined the phenolic
compounds in the ethanolic extract of fresh okra
skins and seeds using HPLC/DAD. The results
indicated that the seeds are primarily composed
of oligomeric catechins and flavonol derivatives,
while the skins are primarily composed of hydroxy-
cinnamic acids and quercetin derivatives. Another
study also demonstrated that flavonoid glycosi-
des, including quercetin-3-O-gentiobiopyranoside,
quercetin-3-O-[B-D-xyl-(1 > 2)]-B-D-glucopyrano-
side and quercetin-4”-O-methyl-3-O-B-D-glucopy-
ranoside are common compounds in okra peel,
seed, leave, and flower [7]. Also, research has
indicated that quercetin 3-m-diglucoside, quercetin
3-m-glucoside, and quercetin-3-m-gentiobiose are
especially abundant in okra seeds [36, 37]. This
study is the first to use LC-ESI-MS/MS to report
on the phenolic compound profiles in the pericarp
of fresh okra fruits, expanding on the body of
existing knowledge. The hydroethanolic extract
from the pericarp of fresh okra fruits harvested
at the final maturity stage was analyzed using
LC-ESI-MS/MS analysis, as illustrated in Table
3. A total of seven phenolic acids were identified,
namely  protocatechuic, caffeic, p-coumaric,
salicylic, trans-ferulic, o-coumaric, and vanillic
acids. Also, two phenolic aldehydes, vanillin and
hydroxybenzaldehyde, as well as a flavonoid,
isoquercitrin, were detected. In general, the presence
or absence of these phenolic compounds varied
across the different okraaccessions. Specifically, three
phenolic acids; caffeic, salicylic, and o-coumaric
acids, were detected in all six okra accessions.
Hydroxybenzaldehyde was identified in all acces-
sions except for BA accession. Vanillic acid was
found in all accessions except for the BI3 accession,
while trans-ferulic acid was present in all accessions
except for the AD accession. Protocatechuic acid
was only detected in the BA and GH accessions and
was absent in the other accessions. P-coumaric acid
was present only in AD and BI1 accessions and was
absent in all accessions. Vanillin was not detected in
the BA and GH accessions. Isoquercitrin was only
absent in the BI3 and BI2 accessions. According to
the studies mentioned above, in the present work,
protocatechuic acid and isoquercetin were also
identified in some okra accessions. In the same
vein, the okra pericarp was the site of the first report
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Table 4.

Antioxidant capacity of the methanolic extracts in okra fresh fruit pericarp at late-stage maturity by the DPPH assay.

Inhibition [%]

Concentration
[ug/ml] AD BA BI1 BI2 BI3 GH
18.75 - - 3.53+2.99 . - -
37.5 1.3141.09 - 7.01+6.63 , - 10.91+4.34
75 4.02+2.31 3764277 8.30+0.85 . - 13.18+3.55
150 13.1142.01 11914334  19.07+1.98 040+422 1424378 22254233
300 32.2041.71 30.16+4.50  35.41+2.47 31804539 16024273  50.34+6.48
600 53.0142.10 52174581  46.20+1.04 45084950  25.76+13.55  65.55+6.81
1200 62.76+2.60 59.16+3.43  52.10+1.31 55544562  42.85+2.55 -
IC, (ug/ml)  565.41£1.94" 539.52+34.14" 1078%8.67° 1063.57+53.57° >12000  372.99+2.01°

Values expressed as mean +SD (n=3). In the last line followed by a different letter (a-c) are significantly different (p<0.05). AD: okra accessions from
the Adrar region, BA: okra accessions from the Beni Abbes region, BI1, BI2, and BI3: accessions from different sites in the Biskra region, GH: okra

accessions from the Ghardaia region

of all other compounds. Moreover, most of these
compounds were detected also in the ethanolic
extract of Physalis acutifolia areal parts, which are
protocatechuic acid, hydroxybenzaldehyde, caffeic
acid, vanillin, o-coumaric acid, salicylic acid and
isoquercitrin [38].

In terms of quantity, the concentration of
these compounds ranged between accessions from
0.004 mg/g to 0.794 mg/g. The vanillic acid content
ranged from 0.223 mg/g to 0.794 mg/g, while
salicylic acid levels varied between 0.171 mg/g
and 0.300 mg/g, with these two compounds being
the most abundant. In contrast, isoquercitrin and
p-coumaric acid were found in minimal quantities
across all accessions containing these compounds,
with levels ranging from 0.004 mg/g to 0.006 mg/g.
Vanillin was present in low amounts in BI2 and
AD accessions (0.009 mg/g and 0.006 mg/g,
respectively). Caffeic acid was detected in small
quantities in BI2 and GH accessions (0.008 mg/g)
and hydroxybenzaldehyde present in small amounts
in GH accession (0.007 mg/g). Similarly, under
identical agricultural conditions, several studies have

reported that variation in the quantity and quality of
phenolic compounds is influenced by cultivars and
accessions [39-41]. Therefore, this variation is likely
driven by genetic factors [42]. A closer examination
of the identified compounds reveals several bioactive
molecules of notable pharmacological interest.
Caffeic acid, o-coumaric acid and salicylic acid are
important phenolic compounds in fruits and grains
and are known for their therapeutic effects [43, 44].
Then, salicylic acid (aspirins precursor) plays also
an important role in mitigating abiotic stresses, such
as drought resistance [45]. This could suggest that
the accessions were exposed to water stress, possibly
due to the excessive heat in July [46]. Vanillic acid is
known for its potential as a nutritional supplement to
help prevent Alzheimer’s disease [47]. Additionally,
trans-ferulic acid is of particular interest due to its
potential uses as an antioxidant in edible products,
a food preservative, and a health supplement. It is
also recognized for its therapeutic applications,
including in the treatment of diabetes and cancer
[48]. Hydroxybenzaldehyde exhibits its antioxidant
and antibacterial properties [49]. Moreover, vanillin,
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Table 5.

Antioxidant capacity of the methanolic extracts in okra fresh fruit pericarp at late-stage maturity by the ABTS assay

Inhibition [%]

Concentration
[ug/ml] AD BA BI1 BI2 BI3 GH
18.75 17.65+1.01 9.93+037  13.36+1.14  14.95+0.20 874+1.00  11.81+16.15
375 2036+121 1803229 2301173 22104173  13.68+138  16.75+15.5
75 27204195 24741263 32744192 0L go6i016 29.19422.73
150 41234058 39.16+271  39.91+10.88  47.16+0.86  40.17+2.66 ,
300 58954207 56524029  66.0041.24 65644295 56424214  65.50+2.99
600 86.69+1.63  87.87+2.20 - 80.6047.58  81.91+5.98 -
1200 87.84+3.54 - - 83.3142.75 - -

IC, [ug/ml]  230.52+11.12° 242.64+12.51"  187.02+4.95* 192.51+12.03* 236.88+10.68" 202.31+25.07°

Values expressed as mean + SD (n=3). In the last line followed by a different letter (a-b) are significantly different (p<0.05). AD: okra accessions from
the Adrar region, BA: okra accessions from the Beni Abbes region, BI1, BI2, and BI3: accessions from different sites in the Biskra region, GH: okra

accessions from the Ghardaia region.

a safe-for-use food flavouring agent, has anti-
metastatic potential and decreases the invasiveness
of breast cancer cells, with great potential for use as
cancer treatment [50]. Additionally, the small amount
of p-coumaric acid detected should not be ignored
because the synergistic effects of different compounds
can affect the overall biological activity of plant organs
[51]. From a broader phytochemical perspective, the
presence of isoquercetin in okra pericarp aligns with
findings reported in other species of the same genus
[52]. At the family level, the detection of p-coumaric
acid is consistent with reports in Malva parviflora L.
leaves [53]. further supporting the relevance of these
phenolic compounds within the Malvaceae family.
Other, the isolation and purification of these bioactive
molecules and the assessment of their therapeutic
potential open new scientific perspectives for future
studies.

Antioxidant capacities evaluation

The experimental data of DPPH free radical sca-
venging capacity of hydroethanolic extracts shown

in Table 4. DPPH" scavenging ability increased
with an increase in concentrations between 18.75
and 1200 pg/ml and the inhibition percentage of
DPPH" radical in GH accession was the highest
with a low IC,  value (372.99+2.84 ug/ml) which
indicated a high potency of this extract followed
by BA and AD accessions (IC_=539.52+48.28 and
565.41+2.74 ug/ml, respectively). Conversely, the
BI3 accession exhibited the lowest scavenging
percentages (>1200 ug/ml). The ABTS* scavenging
effect percentages of okra pericarp extracts in-
creased with increasing concentrations, similar
to the DPPH" test results (Table 5). All okra skin
accessions had a stronger capacity to quench ABTS™*
at concentrations > 300 ug/ml. Therefore, BI1 and
BI2 extracts exhibited higher capacity to scavenging
the ABTS"* radical than the author accessions (A .=
187.02+7.00 and 192.51+12.03 pg/ml). Variation in
DPPH radical scavenging activity and ABTS assay,
among fresh okra fruit cultivars grown in China has
also been reported by [29].

In the phenanthroline assay (Table 6), an
increase in absorbance indicated a greater capacity
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Table 6.

Antioxidant capacity of the methanolic extracts in okra fresh fruit pericarp at late-stage maturity by the
phenanthroline activity.

. Absorbance
Concentration
[ug/ml] A BA BI1 BI2 BI3 GH

37.5 0.25+0.01 - - - - 0.24+0.002
75 0.43+0.03 0.38+0.01 0.37+0.01 0.32+0.01 0.34+0.03 -

150 0.47+0.05 0.43+0.02 0.47+0.03 0.42+0.03 0.39+0.02 0.44+0.060
300 0.52+0.12 0.49+0.05 0.39+0.03 0.46+0.06 0.46+0.00 0.55+0.022
IC50 [‘ug/ml] 159.75+17.32 >300¢ >300°¢ >300¢ >300¢ 255+2.83"

Values expressed as mean +SD (n=3). In the last line followed by a different letter (a-d) are significantly different (p<0.05)

for reducing ability and a stronger antioxidant
potential. The AD extract was found to exhibit the
highest reducing capacity (A ,= 159.75+17.32). No
studies were found in the literature that investigated
the phenanthroline activity of okra fruit.

CONCLUSION

This study demonstrated that the hydroethanolic
extract of fresh okra fruit pericarp, harvested at the
late stage of maturity from six different accessions,
exhibited significant extraction yields total phenol
andflavonoid contents,aswell asantioxidant capacity.
The LC-ESI-MS/MS analysis revealed considerable
variability among the accessions at a quantitative and
qualitative level. A total of ten phenolic compounds
ware detected including; protocatechuic, caffeic,
p-coumaric, salicylic, trans-ferulic, o-coumaric, and
vanillic acids, vanillin, hydroxybenzaldehyde and
isoquercitrin. This work offers important insights
into food chemistry, waste valorization, and variety
selection, providing a foundation for further studies
on the agropharmaceutical properties of okra. Our
research strongly supports the preservation and
development of local food crops in arid regions.
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