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Abstract: The purpose of this work was to evaluate the antioxidant capacity of Prosopis pallida
(Fabaceae) fruits “algarrobo”, in addition to determine their main chemical components. Fruit purified
extracts from the regions of Tumbes, Piura, Lambayeque, and La Libertad (Peru) were evaluated using
infusion, decoction, and alcoholic extraction at concentrations of 45, 70 and 96%. To measure the
antioxidant capacity of the extracts, the determination of total phenolics content was performed, followed
by the antioxidant evaluation using DPPH, FRAP and ABTS. The chemical identification was carried out
through UHPLC-UV-MS/MS. The results showed that the decoction of the sample from the region of La
Libertad, as well as the ethanol extracts at 45% of the samples from Tumbes and Lambayeque presented
greater antioxidant capacity. Moreover, ten major substances of these extracts were identified: nine
phenolic derivatives (vicenin Il as the main constituent of the extracts) and one diterpene (7-
oxodehydroabietic acid).

Keywords: Prosopis pallida; Antioxidant capacity; Polyphenols; Vicenin Il; Chemical composition

Resumen: El prop6sito de este trabajo fue evaluar la capacidad antioxidante de frutos de Prosopis pallida
(Fabaceae) “algarrobo”, ademas de determinar sus principales componentes quimicos. Se estudiaron
extractos purificados de frutos de las regiones de Tumbes, Piura, Lambayeque y La Libertad (Per),
mediante infusion, decoccion y extraccion alcohélica en concentraciones de 45, 70 y 96%. Para medir la
capacidad antioxidante de los extractos, se realizd la determinacién del contenido de fenoles totales,
seguida de la evaluacion antioxidante mediante DPPH, FRAP y ABTS. La identificacion quimica se
realiz6 mediante UHPLC-UV-MS/MS. Los resultados mostraron que la decoccion de la muestra de la
region de La Libertad, asi como los extractos de etanol al 45% de las muestras de Tumbes y Lambayeque
presentaron mayor capacidad antioxidante. Ademas, se identificaron diez sustancias principales de estos
extractos: nueve derivados fendlicos (vicenin Il como componente principal de los extractos) y un
diterpeno (acido 7-oxodehidroabiético).

Palabras clave: Prosopis pallida; Capacidad antioxidante; Polifenoles; Vicenina Il; Composicion
quimica
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INTRODUCTION

Functional foods are increasingly recommended for
the maintenance of a healthy life, as they provide
additional pharmacological effects. Among these
types of foods, those of vegetable origin, show a high
content of specific secondary metabolites, such as
polyphenols, mucilages, alkaloids and terpenes
(Vattem & Maitin, 2020). Among these, polyphenols
which includes flavonoids, phenolic acids, and
tannins, are substances that have pronounced
antioxidant activity (Pandey & Rizvi, 2009). These
compounds can capture free radicals that can be
generated in the cells of the human body because of
the combination of many environmental factors,
including atmospheric pollution. When the increase
in the intracellular content of free radicals exceeds
the antioxidant defenses of the cell, oxidative stress
occurs, through which damage to biological
molecules such as lipids, proteins and nucleic acids is
induced. Oxidative stress occurs in various
pathological states in which cellular functionality is
altered, contributing, or feeding back into the
development of degenerative diseases such as
atherosclerosis,  cardiomyopathies,  neurological
diseases, and cancer (Avello & Suwalsky, 2006). The
consumption of foods rich in polyphenols has been
suggested to avoid these pathologies and some types
of fruits are known to have high contents of
polyphenols, as is the case of the genus Prosopis
(Fabaceae) (Patel et al., 2018; Sharifi-Rad et al.,
2019). Among the species of this genus, P. pallida,
popularly known in Peru as "algarrobo" (Figure No.
1), is one of the richest vegetable foods known for
their high concentration of starch and proteins, being
an important part of the diet of many indigenous
people. The pulp is sweet and is incorporated as flour
e.g., in soups, and being mixed with water to prepare
a drink called “atole”, or with milk, as it is considered
a rich food for children. Furthermore, the “algarrobo”
gum is used as a stabilizing agent, thickener, and
additive in different industrial fields (Tamayo et al.,
2008). However, chemical studies about the
secondary metabolites of this species and its
antioxidant potential are still scarce. Therefore, the
objective of this work was to measure the antioxidant
capacity of purified extracts of P. pallida fruits by
different mechanisms, as well as to evaluate its main
chemical components of pharmacological interest.

Chemical composition and antioxidant capacity of Prosopis pallida fruits

MATERIALS AND METHODS

Preparation of Extracts

Four samples of P. pallida fruits were collected from
the regions of Tumbes (04°05°39.3”°S - 80°41°28.9”
W) (Sample 1), Piura (05°10°43.7°’S - 80°37°09.8"’
W) (Sample 2), Lambayeque (06°28°32.6°S
79°42°12.29> W) (Sample 3) and La Libertad
(07°27°17.8>’S - 79°30°05.2>’W) (Sample 4) (Figure
No. 2), and were identified in the Herbarium
Truxillense (HUT) of the National University of
Trujillo (Numbers: HUT 59850, HUT 59858/59859,
HUT 59851 and HUT 59852/59853, respectively).
The fruits (pods) of P. pallida were dried at 40°C in a
stove with forced circulation air (Memmert®) oven
and the seeds were separated and pulverized until
obtaining homogeneous samples. The extracts were
prepared at 10% wi/v, using three hydroalcoholic
extracts (Ethanol 96%, 70% and 45%) and two
aqueous extracts (infusion and decoction) (Torres-
Guevara & Ganoza-Yupanqui, 2017). The extracts
were completely dried in a rotary evaporator
(Heidolph®), and then resuspended in distilled water
and brought to -80°C in a deep freezer (Artiko®); for
better stability, the water was removed using a freeze
dryer (Millrock Technology®) and were stored in
amber jars at 4°C (Zavala-Urtecho et al., 2018). The
resulting dry extracts were suspended using an
ultrasound bath in 15 mL of distilled water and then
mixed with an adsorbent resin (Amberlite® XAD-
7HP). The resin was washed with 1 L of distilled
water and eluted with 1 L of HPLC grade Methanol.
The eluate was concentrated under reduced pressure
and then stored at -20°C until use (Cattaneo et al.,
2014; Quispe et al., 2014).

Gallic Acid Calibration Curve and Quantification of
Phenolic Compounds

A 1 mg/mL solution of gallic acid (Merck®) in
ethanol was used as a standard, six dilutions were
prepared in a range between 0.02 and 0.16 mg/mL.
Then, 25 pL of each dilution was mixed with 125 pL
of the Folin-Ciocalteu (Sigma-Aldrich®) Reagent
10% and stirred for 20 minutes at 45°C. Then 100 pL
of 7% Na,COs; was added, it was left stand for 10
minutes in the dark and measured on a microplate
spectrophotometer  ultraviolet/visible  (UV/Vis)
(Fisher Scientific accuSkan GO®) at 760 nm
(Alarcon-Aguilar et al., 2018). Then, 10 mg of each
purified extract was weighed out and dissolved in 1
mL of its respective solvent. Then 25 pL was taken
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and proceeded in the same way as in standard
dissolutions. The values were expressed as
equivalents of gallic acid per g of lyophilized extract

Chemical composition and antioxidant capacity of Prosopis pallida fruits

(GAE/g), measurements were made in triplicate
(Alarcon-Aguilar et al., 2018; Ganoza-Yupanqui et
al., 2021).

G VAL AR GG S s

Antioxidant Capacity by Radical 2,2-diphenyl-1-
picrylhydrazyl Assay (DPPH)

A 1 mg/mL solution of Trolox (Sigma-Aldrich®) in
ethanol was used as a standard, six dilutions in a
range between 0.25 and 0.025 mg/mL were prepared.
Then, 10 pL of each dilution were mixed with 300
pL of DPPH reagent Sigma-Aldrich® 0.2 mM. The
solutions were then stirred for 15 minutes and
measured on a UV/vis spectrophotometer (Fisher
Scientific accuSkan GO®) at 517 nm using
microplate. In the end, the extracts were prepared at

7 Figu

2

re No. 1
Prosopis pallida “algarrobo”: Tree in its habitat (A), Inflorescence (B), Fruits (C)

10 mg/mL and measured under the same conditions.
The tests were carried out in triplicate and expressed
in mg of Trolox equivalents per gram of purified
extract (mg TE/g) (Alam et al., 2013; Ganoza-
Yupanqui et al., 2021). The correlation with total
phenolic content was made through the determination
of Pearson’s coefficient.

Ferric Reducing Antioxidant Power Assay (FRAP)
The FRAP reagent was prepared using acetate buffer
300 mM (pH 3.6), TPTZ solution (2,4,6-tris (2-
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pyridyl)-s-triazine) (Sigma-Aldrich®) 10 mM, HCI
40 mM and a FeCls.6H,0 (Sigma-Aldrich®) 20 mM
solution. Then, 25 mL of buffer was mixed with 2.5
mL of TPTZ solution and 2.5 mL of FeCls.6H,O
solution and incubated at 37°C. A 1 mg/mL solution
of Trolox (Sigma-Aldrich®) in ethanol was used as a
standard, six dilutions in a range between 0.013 and
0.13 mg/mL were prepared. Then, 8 pL of each
dilution reacted with 200 pL of the FRAP reagent for
30 minutes at 37 °C and was measured on a UV/vis
spectrophotometer (Fisher Scientific accuSkan GO®)
at 593 nm using microplate. After, the extracts were
prepared at 10 mg/mL and measured under the same
conditions. The tests were carried out in triplicate and
expressed in mg of Trolox equivalents per gram of
purified extract (mg TE/g) (Benzie & Strain, 1996;
Benites et al., 2019; Ganoza-Yupanqui et al., 2021).
The correlation with total phenolic content was made
through the determination of Pearson’s coefficient.

Chemical composition and antioxidant capacity of Prosopis pallida fruits

ABTS [2,2'-azino bis (3-ethylbenzothiazolin-6-
sulfonic)] radical scavenging assay (ABTS)

A 1 mg/mL solution of Trolox (Sigma-Aldrich®) in
ethanol was used as a standard, nine dilutions were
prepared in a range between 0.013 and 0.2 mg/mL.
Then, it was taken 10 uL of each dilution and 300 pL
of ABTS (Sigma-Aldrich®) solution with absorbance
0.7 a 750 nm, approximately, was added. Then, the
mix was stirred for five minutes and measured on a
UV/vis  spectrophotometer  (Fisher  Scientific
accuSkan GO®) at 750 nm using microplate. After,
the extracts were prepared at 10 mg/mL and
measured under the same conditions. The tests were
carried out in triplicate and expressed in mg of
Trolox equivalents per gram of purified extract (mg
TE/g) (Re et al., 1999; Seeram et al., 2006; Ganoza-
Yupanqui et al., 2021). The correlation with total
phenolic content was made through the determination
of Pearson’s coefficient.
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Figure No. 2
Map of Prosopis pallida collection sites in Peru
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Chemical Identification by UHPLC-UV-MS/MS

A 5 mg/mL solution was prepared using methanol.
This solution was passed through a 0.45 um PTFE
syringe filter before passing through the UHPLC-
UV-MS/MS system. The analysis was performed on
a Dionex Ultimate 3000 UHPLC system (Thermo
Fisher Scientific). Chromatographic separation was
achieved on a Kinetex 1.7 um EVO C18 column (50
x 2.1 mm, 1.7 um, 100 A, Phenomenex). Formic acid
0.1% (v/v) in H20 (A) and MeCN (B) mobile phases
were used. The gradient conditions were as follows:
0.0-13 min 5-25% B; 13-15 min 25-30% B; 15-20
min 30-50% B; 20.0-35.0 min 50-70% B; 35.0-40.0
min 70.0-90.0% B; 40.0-45.0 min 5% B. The flow of
the mobile phase was 300 pL/min and the injection
volume, 3 uL. The column temperature was kept at
30°C. UHPLC equipment coupled to a Q Exactive
Plus Orbitrap mass spectrometer (Thermo Fisher
Scientific) equipped with an electrospray ion source
(HESI) operated in positive and negative ionization
mode. The “spray voltage” was kept at 4000 V for
the positive mode and 4200 V for the negative mode.
The drying temperature was adjusted to 300°C and
the dry gas flow rate was adjusted to 10 L/min.
Nitrogen was used as the dry gas, nebulization gas
and collision gas. The collision energy was set at 35
eV. HRESIMS and MS/MS spectra were acquired in
the range m/z 200-2000.

RESULTS AND DISCUSSION

Antioxidant capacity

The determination of phenolic compounds was
carried out in the five purified extracts of samples
from the four regions (Table No. 1). The decoction
of Sample 4 presented the highest concentration of

Chemical composition and antioxidant capacity of Prosopis pallida fruits

phenolic compounds with a value of 90.65 mg
GAE/g (p<0.05) with respect to the other extracts
from the same region (La Libertad) and featured
among the best extracts from each region (Ethanol
45% extracts of Sample 1 and 3, as well as infusion
of Sample 2). Considering the fact that the decoction
of this sample presented the highest value in total
phenolics and the extract in 96% ethanol was the one
with the lowest concentration in relation to the other
samples, it is suggested that the total phenolics of
Sample 4 have greater polarity when compared with
the phenolic content of the other samples, so that the
highest relative percentage of alcohol (96%) reduced
the extractive power to obtain these components in
Sample 4. When compared with the study by Quispe
et al. (2014), which reported the phenolic value of
freeze-dried syrups from Prosopis species cultivated
in Piura and Lambayeque, all extracts evaluated in
this study had higher values (between 50 and 90 mg
GAE/qg), while the samples from the study by Quispe
showed values of 10.7 (Piura) and 2.43
(Lambayeque) mg GAE/g. However, this comparison
must consider the fact that, proportionally, the
samples of freeze-dried syrup have a higher amount
of sugar (Quispe et al., 2014). On the other hand, the
previous study with P. pallida fruits carried out by
Suérez-Rebaza et al. (2019) showed lower values of
total phenolics and antioxidant potential when
compared to the results of our study, as the extracts
obtained in the previous publication were not purified
through an adsorbent resin column, which aims to
concentrate the phenolic content (Suarez-Rebaza et
al., 2019).

Table No. 1
Phenolic compounds, expressed in gallic acid, from purified extracts of P. pallida fruits

Phenolic compounds (mg GAE/g £ SD)?

Purified Extract  Sample 1 Sample 2 Sample 3 Sample 4
(Tumbes) (Piura) (Lambayeque) (La Libertad)
Decoction 43.52 +0.51 50.39 £ 0.59 69.11 £ 2.96 90.65 + 1.70°
Infusion 63.68 + 0.50 61.94 +1.88° 69.58 +1.30 81.04 +£1.58°
Ethanol 45% 68.70 +1.43° 56.84 £ 0.40 85.35+1.87° 70.77 £0.64
Ethanol 70% 56.85 + 0.58 61.65 +0.52 76.05 +0.37 64.29 + 0.86
Ethanol 96% 63.98 £ 0.61 60.97 £0.51 64.67 £0.74 4455 +1.01

amg GAE/g = SD: Average milligrams of gallic acid equivalents per gram of sample + standard deviation
(n=3); Pextract with higher concentration of phenolic compounds, p<0.05 (Tukey HSD post hoc test)
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Table No. 2

Antioxidant capacity, using 2,2-diphenyl-1-picrylhydracil assay (DPPH),
from purified extracts of P. pallida fruits

DPPH (mg TE/g + DS)?

Purified Extract Sample 1 Sample 2 Sample 3 Sample 4
(Tumbes) (Piura) (Lambayeque) (La Libertad)
Decoction 12.67£1.74 31.79+0.62° 4360 +1.49° 37.03+1.50°
Infusion 2454 +1.83 22.77+0.22 27.18+1.06  35.25+0.87
Ethanol 45% 24.40 £0.34 18.15+0.28 36.39+1.72 29.49+245
Ethanol 70% 18.69 £0.10 22.64 +3.05 3497+044  29.73+1.12
Ethanol 96% 19.51+£2.10 23.12+1.01 27.37+1.39  20.57 +1.03

amg TE/g + SD: Average milligrams of Trolox equivalents per gram of sample + standard deviation (n=3)
bextract with higher concentration of phenolic compounds, p<0.05 (Tukey HSD post hoc test)
Pearson’s coefficient: 0.7271

The antioxidant capacity of the purified extracts was
expressed in Trolox equivalent milligrams for the
three methods used. In the DPPH method (Table No.
2), the extract with the highest antioxidant capacity
was the decoction of Sample 3, with a value of 43.60
mg TE/g. It should be noted that in Samples 2 and 4,
the decoctions also presented the highest antioxidant
capacity, showing a positive correlation between the

concentration of phenolic compounds and antioxidant
capacity, with a Pearson’s coefficient of 0.7271. In
addition, the FRAP method allows to determine the
antioxidant capacity of polyphenols with hydrophilic
characteristics, so that the reaction is generated with
the formation of the complex [Fe(I1)(TPTZ).]** (blue)
(Shalaby & Shanab, 2013). In this assay, the FRAP
method showed the best Pearson’s coefficient (0.935)
and the greatest significant difference among the

p<0.05. Despite

(p<0.05), compared to the other extract types and to
the other regions. While it was determining the
antioxidant capacity using the radical cation ABTS, it
was found that the Ethanol 45% extracts of Samples
1 and 3 presented the highest antioxidant capacity
(95.85 and 82.54 mg TE/g respectively) (Table No.
4), in comparison to the extracts of Sample 4, where
the highest antioxidant capacity was determined at
the decoction (76.54 mg TE/g), with a significance
these

results, the Pearson’s

coefficient (0.1126) for the ABTS method in this
study was not so high in comparison with the other
methods. This is explained by the fact that other
substances besides phenolic compounds contribute to
the antioxidant mechanism due to the good solubility
of both lipophilic and hydrophilic compounds in
ABTS assay (Floegel et al., 2011; Kuskoski et al.,

extracts was found in the decoction of Sample 4 2005).
(Table No. 3), with a value of 69.82 mg TE/g
Table No. 3

Antioxidant capacity, using the Ferric Reducing Antioxidant Power Assay (FRAP),
from purified extracts of P. pallida fruits

FRAP (mg TE/g  DS)?

Purified Extract ~ Sample 1 Sample 2 Sample 3 Sample 4
(Tumbes) (Piura) (Lambayeque) (La Libertad)
Decoction 28.29£0.10 31.25+1.22 51.97£2.11  69.82+1.62°
Infusion 47.70 £ 2.48 37.07 £0.92 48.36+2.20 63.62+2.27
Ethanol 45% 55.83 £2.19° 32.03+1.02 62.35+3.94° 39.97+1.40
Ethanol 70% 39.70 +1.52 4229+ 1.16 5260+042  43.46 +0.65
Ethanol 96% 43.34 +0.74 43.12+1.01 36.62+£0.87 22,90 +1.06

2mg TE/g = SD: Average milligrams of Trolox equivalents per gram of sample + standard deviation (n=3)
bextract with higher concentration of phenolic compounds, p<0.05 (Tukey HSD post hoc test)
Pearson’s coefficient: 0.9350
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Table No. 4
Antioxidant capacity, by assay with 2,2"'-azinobis (3-ethyl-benzothiazolline-6-sulfonic acid) (ABTS),
from purified extracts of P. pallida fruits

ABTS (mg TE/g £ DS)?

Purified Extract  Sample 1 Sample 2 Sample 3 Sample 4
(Tumbes) (Piura) (Lambayeque) (La Libertad)
Decoction 66.44 £ 2.92 72.10 £0.59 62.10 £ 2.86 76.54 +4.47°
Infusion 77.30+£2.83 82.67 +1.30 52.35+0.89 36.27 + 3.86
Ethanol 45% 95.85 +0.99° 80.40+1.31 8254 +172° 49.26 +4.53
Ethanol 70% 82.45+0.49 81.68 +2.16 70.68 £ 3.70 49.40 +4.84
Ethanol 96% 82.41 £0.22 80.12+1.01 47.87 +£3.31 21.65+1.50

amg TE/g £ SD: Average milligrams of Trolox equivalents per gram of sample £ standard deviation (n=3)
bextract with higher concentration of phenolic compounds, p<0.05 (Tukey HSD post hoc test)
Pearson’s coefficient: 0.1126

Chemical Identification by UHPLC-UV-MS/MS

Ten substances were identified by UHPLC-UV-
MS/MS (Table No. 5): eight flavonoids, one phenolic
acid and one diterpene. The most intense signal
(Figure No. 3) was referent to vicenin Il (2) [M-H] at
m/z 593, a C-glycoside-flavone, showing the
fragment m/z 395 [M-H-glucose] and other
characteristic fragments: m/z 473, 383 and 353,
according to the literature and software database
(Quispe et al., 2014; Patel et al., 2018; Gonzales-
Barron et al., 2020). This flavonoid possess several
biological activities, including anti-inflammatory, by
suppression of the production of tumor necrosis
factor-a (TNF-a) and the activation of nuclear factor-
kB (NF-kB) induced by LPS (Kang et al., 2015),
antidiabetic activity by strong inhibition of a-
glucosidase and protein tyrosine phosphatase 1B, and
suppression of protein-oxidative mechanisms (Islam
et al, 2014), as well as anticarcinogenic,
hepatoprotective, renal-protective, and wound healing
activities (Lee & Bae, 2020; Lee et al., 2020; Tan et
al., 2020; Li et al., 2021). The other two C-glycoside-
flavones identified in P. pallida were schaftoside (3)
and isoschaftoside (4). Both flavonoids presented [M-
H] at m/z 563, generating the following main
fragments: [M-H-90] corresponding to the loss of an
arabinose unit m/z 473, [M-H-120] corresponding to
the loss of a glucose unit m/z 443, and [M-H-210]
corresponding to the fragmentation of sugar moiety
m/z 353. The two substances have already been
reported for Prosopis species (Colombo et al., 2006;
Colombo et al., 2008; Quispe et al., 2014; Gonzales-
Barron et al., 2020). As in the case of Vicenin II,
Schaftoside  has  intense  antioxidant,  anti-

inflammatory, anti-melanogenic, neuroprotective, and
hepatoprotective activities (De Melo et al., 2005; Du
et al., 2011; Materska, 2015; Kim et al., 2018; Zhou
et al., 2019; Liu et al., 2020) and is also a strong
inhibitor of pancreatic lipase (Fernando et al., 2019).
Isoschaftoside also showed antioxidant, antiparasitic,
and antitumor activities, but has in addition
significant  antimicrobial and antihypertensive
properties (Bendini et al., 2006; Hooper et al., 2010;
Du et al., 2011; Gomes et al., 2014; Zhang et al.,
2015).

The flavonoids vitexin (5) and isovitexin (6)
are common compounds in the genus Prosopis and
were also identified in P. pallida, (Sharifi-Rad et al.,
2019). These substances presented [M+H] at m/z 433
and generated their characteristic fragments [M+H-
C4H3g04], corresponding to the fragmentation of sugar
moiety (m/z 313), and [M+H-C4HsO4-CH-0],
corresponding to the following loss of the carbon
attached an OH function, derived from the sugar (m/z
283) (Yan et al., 2013). The biological effects of
these two flavonoids have been broadly studied.
Vitexin has attracted increased attention due to its
wide range of pharmacological activities, including
antioxidant,  anticarcinogenic,  anti-hyperalgesic,
antidiabetic, anti-inflammatory, neuroprotective, and
endocrinous effects, whereas isovitexin showed
antioxidant, anti-inflammatory, antidiabetic, and
neuroprotective activities (He et al., 2016).

The flavanol naringenin (9) was an identified
flavonoid aglycone in the extract of P. pallida. In the
ESI negative mode analysis, it was possible to
identify the quasi-molecular ion [M-H] at m/z 271.
The most characteristic fragments were m/z 253,
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related to a loss of water; m/z 151, corresponding to
the A ring and the carbonyl group of C ring; and m/z
119, related to the ring B and two carbons of the C
ring. As the other flavonoids mentioned above,
naringenin has a large broad of biological activities.
According to Salehi et al. (2019), these activities
include anticarcinogenic (melanoma, glioma, liver,
prostate.  and  breast cancer), antidiabetic,
antihyperlipidemic, anti-inflammatory, antiasthma,
antimicrobial, antioxidant, antiplatelet, antioxidant,
cardioprotective, expectorant, immunomodulatory,
laxative, and hepatoprotective effects; as well as
more specific mechanisms, such as anti-Hepatite C,
anti-Chikungunya, and anti-Dengue  activities,
antiaging and neuroprotective effects (including anti-
Alzheimer, anticonvulsant, and anti-stroke damage
activities); in addition to observed effects on eye
protection, promotion of male and female fertility,
weight loss and protection against radiations (Salehi
etal., 2019).

Finally, two methoxy-flavonols with [M-H]
at m/z 769 (7) and 623 (8) were observed in the
extract analysis. The compound 7, tamarixetin-3-O-
rhamnosyl-rhamnosyl-glucoside, showed a methoxy-
flavonol aglycone connected with a hexoside,
verified by the loss of m/z 162 and two hydrogens
[M-H-162-H2], presenting a m/z 605, and with a
rhamnosylrhamnoside residue, verified by the loss of
m/z 291 from the previous fragment, that generated a
fragment of m/z 314, relative to a methyl-flavonol
aglycone with phenolic-hydrogen loss. Rhamnosyl
was also observed by the presence of fragment m/z
357, corresponding to the aglycone connected to the
branch portion of the rhamnosyl residue. The loss of
the methyl group of aglycone is explained by the
fragment m/z 299. The compound 8, tamarixetin-3-O-
rutinoside, had a methoxy-flavonol connected with a
rutinoside, verified by the loss of rutinoside residue
[M-H-rutinose] that generated the fragments of m/z
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314 and 299, corresponding to an aglycone form
from methoxy-flavonol. Generally, the presence of
methoxy-flavones is characteristic of Prosopis, as
observed in previous results to this study and
corroborated in the literature by the presence of
isorhamnetin and tamarixetin aglycones in different
species of this genus (Saad et al., 2017; Delgado-
Nufiez et al.,, 2020). Tamarixetin presents anti-
inflammatory activity, so that reduces the secretion of
various inflammatory cytokines by dendritic cells
after activation with LPS, in addition to enhance the
secretion of the anti-inflammatory  cytokine
interleukin (IL)-10 and specifically increase the
population of IL-10-secreting immune cells in LPS-
activated splenocytes (Park et al., 2018).

The phenolic acid, feruloyl-O-dihexoside (1)
with [M-H] at m/z 517, presented as the main
fragments m/z 337 [M-H-hexoside-H,O], m/z 193
[ferulic acid-H], m/z 175 [ferulic acid-H-H20], m/z
160 [ferulic acid-H-H,O-CHs] and m/z 89 [CsHO
ring]. Phenolic acid and some of its derivatives are
known for their anti-microbial, anti-inflammatory,
antioxidant,  anticarcinogenic,  hepatoprotective,
neuroprotective, anti-diabetic, anti-cholesterolemic,
and UV-protective activities (de Paiva et al., 2013).
The encountered diterpene 7-oxodehydroabietic acid
(10), belongs to the chemical class of aromatic
abietane diterpenoids, which have previously been
reported in the genus Prosopis (Elmezughi et al.
2013). This substance with [M+H] at m/z 315
presented fragments related to the loss of a methyl
group m/z 300 and the loss of the characteristic
branch attached to the aromatic ring m/z 272, as well
as the fragmentation profile observed in abietane
diterpenoids m/z 272 to m/z 243 and m/z 205 to m/z
177 (Azemard et al., 2016). 7-oxodehydroabietic acid
is best known for playing a defensive role against
herbivorous insects via insect endocrine-disrupting
activity (Oh et al., 2017).

Table No. 5
Identified substances from Prosopis pallida by UHPLC-UV-MS/MS
Rt Main Fragments v
Substances . M-H M+H g absorption References
(min) (m/z)
(hm)
A . 337(4), 193(86),
Feruloyl %g"hexos'de 630 517 175(100), 218, 325 NA
160(14), 89(10)
N 473(26), 395(7), 215, 271, Quispe et al., 2014
Vicenin 11 (2) 720 593 383(61), 353(100) 334 Patel et al., 2018
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473(16), 443(17),
425(13), 413(10),

217, 271,

Colombo et al., 2006

Schaftoside (3) 8.93 563 305(7), 383(86), 333 Colc_)mbo et <|';1I., 2008
353(100) Quispe et al., 2014
473(33), 443(47), 217 271 Colombo et al., 2006
Isoschaftoside (4) 9.03 563 425(6), 413(13), 3’39 ’ Colombo et al., 2008
383(74), 353(100) Quispe et al., 2014
415(14), 397(40),
o 367(19), 337(27),
Vitexin (5) 10.49 433 313(100), NA Yan et al., 2013
283(51), 217(5)
397(5), 379(15),
. 361(15), 337(38),
Isovitexin (6) 11.14 433 313(69), NA Yan et al., 2013
283(100), 271(6)
357(0.8), 315(31),
Tamarixetin-3-O- 314(100),
rhamnosyl-rhamnosyl-  11.22 769 299(25), 271(4), NA Del a?j?i(lj\litﬁilz”e%g}? 2020
glucoside (7) 243(2), 179(2), g g
151(2)
315(67),
" 314(100),
Tamarixetin-3-O- Saad et al., 2017
. 13.17 623 300(11), 299(22), 267, 352 N R
rutinoside (8) 271(4). 243(2). Delgado-Nuriez et al., 2020
179(1), 151(3)
271(48), 227(2),
Naringenin (9) 19.82 271 177(13), 169(10), NA Salehi et al., 2019
151(100), 119(43)
i I 301(2), 300(32),
! OXOS;Zyarg)ab'et'c 27.20 315  296(1), 272(0.2), NA Azemard et al., 2016
70(0.5), 53(0.2)
Rt = Retention Time; NA = not avaliable
CONCLUSION identify the main phenolic substances present in the

In the present study it was observed that the
decoction of the sample from the region of La
Libertad, followed by the extracts of Ethanol 45% of
the samples from the regions of Tumbes and
Lambayeque presented the highest absolute results of
antioxidant capacity using the FRAP and ABTS
methods. This demonstrated correlation with total
phenolic content. Furthermore, it was possible to

extracts, including Vicenin 11 as the major
constituent, in addition to the presence of diterpene 7-
oxidehydroabietic acid. These findings contribute to
the chemical and biological knowledge of P. pallida
and a better understanding of its actions as a
functional food/additive, which can direct at the
development of new formulations based on its
extracts for medicinal use.
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Figure No. 3
General UHPLC-MS/MS chromatogram from Prosopis pallida decoction purified extract obtained from the
Sample 4 showing their main compounds: vicenin Il (2), schaftoside (3), isoschaftoside (4) and 7-
oxodehydroabietic acid (10)
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