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A B S T R A C T

Moringa oleifera is a rich source of polyphenols, but its content and profile may vary according to environmental
conditions, harvest season, and plant tissue. This study was carried out in order to determine the phenolic
compounds by HPLC/MS, as well as, the in vitro antioxidant activity of extracts from leaflets and petioles of
Moringa oleifera planted in three locations. The content of total polyphenolic compounds was estimated. In
addition, hydrolyzable polyphenols were determined using the Folin-Ciocalteu technique, while, condensed
polyphenols were estimated employing the butanol-HCl method. These chemical compounds were identified by
high-performance liquid chromatography coupled to masses spectrometry (HPLC/MS). In vitro antioxidant ac-
tivity of the extracts was evaluated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2-azino-bis-3-ethylene-
benzothiozoline-6-sulfonic acid (ABTS) and the ferric reducing antioxidant power (FRAP) methods. The poly-
phenolic compounds were found mainly in the leaflets. The HPLC/MS allowed the identification of 15
compounds of the hydroxycinnamic acid, anthocyanin, flavonols, methoxyflavone, tyrosol, dihydrochalcones,
flavones, and methoxyflavone families. The ethanolic extracts showed high antioxidant activity for DPPH, ABTS,
and FRAP, especially, those obtained from the leaflets produced at Ramos Arizpe, Coahuila. The amounts of
condensed were higher than those of hydrolyzable polyphenols in the moringa grew at three environments.
While the highest amount of condensed polyphenols was observed in moringa grew at Ramos Arizpe. Thus, the
presence of these polyphenol compounds may explain the great antioxidant activity (98.45% inhibition) showed
with the ABTS radical, in the moringa ethanolic extracts from Ramos Arizpe. These results indicate that moringa
may have great potential as a natural antioxidant agent.

1. Introduction

The chemical products obtained from medicinal plants are a source
of raw material for the production of pharmaceutical medicines, which
are used by man to relieve certain sufferings that affect human health
(Mohammadhosseini et al., 2019a, 2019b, 2019c). Medicinal plants
have been of great importance to human beings since remote years,
thanks to their antioxidant natural healing properties (Wansi et al.,
2018), since bioactive phytochemical compounds are found within
plants, which act in a wide range of diseases neurodegenerative. There
is currently much research concerning the isolation of these bioactive
(Mohammadhosseini et al., 2019a, 2019b, 2019c), resulting in the

discovery of new drugs of natural origin through modern techniques.
It is known that antioxidants play an important role in health since

they deactivate the free radicals produced by stress, decreasing in this
way, namely oxidative deterioration (García-Alonso et al., 2004;
Prakash et al., 2012). Plant extracts are used as an alternative against
diverse diseases therapies (Borbone et al., 2007; Borrelli et al., 2009),
due to their pharmacological activities, economic viability, and low
toxicity, in comparison with synthetic antioxidants, since these may
have secondary effects on human health (Pracheta et al., 2011). These
extracts contain natural polyphenolic compounds, which prevent cer-
tain diseases, and are related with oxidative stress since polyphenols are
associated with their antioxidant activity (Mohammed et al., 2015),
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while in cancer cells, they have a pro-oxidant action (Martínez-Flórez
et al., 2002; Procházková et al., 2011).

Moringa is a plant native of the Himalayan region of Northeastern
India, with a tropical and subtropical climate. It is the only genus of the
Moringaceae family, having 13 species, being the most known Moringa
oleifera, which is cultivated in the dry tropics and semi-arid areas of
Mexico since colonial times (Olson and Alvarado-Cárdenas, 2016; Olson
and Fahey, 2011). It has been proven that Moringa oleifera is a rich
source of polyphenols and that those polyphenols are mainly found in
their leaves (Leone et al., 2015), they have a high antioxidant activity
(Marrufo et al., 2013; Mohammed et al., 2015), antimicrobial and an-
tifungal activity (Marrufo et al., 2013; Nikkon et al., 2003; Oluduro
et al., 2010; Walter et al., 2011), anticancer (Baghel et al., 2012), and
provide protection against cardiovascular diseases (Parrotta, 2009),
diabetes, inflammation (Abass et al., 2015), and DNA damage
(Romanová et al., 2001), prevention of liver damage (Buraimoh et al.,
2011), etc. Some of the phytochemical compounds reported in moringa
are flavonoids, quercetin, luteolin, triterpenes, tannins, glycosides, etc.
(Cabrera-Carrión et al., 2017; Castillo-López et al., 2017; Gúzman-
Maldonado and Díaz-Fuentes, 2017; Marrufo et al., 2013; Mohammed
et al., 2015; Okiki et al., 2015; Rajamanickam and Sudha, 2013), as
well as, some inhibitors of proteases, lectins, and saponins. However, it
is known, that the content and profile of metabolites of a plant, as well
as, its antioxidant activity varies according to environmental condi-
tions, harvest season, and plant tissue (Iqbal and Bhanger, 2006; Ming-
Chih et al., 2011). The objective of this study was to evaluate the effect
of the growing location and plant tissue, on phenolic compounds con-
tent and to assess the in vitro antioxidant activity of ethanolic extracts
from moringa leaflets and petioles.

2. Materials and methods

2.1. Plant material

Moringa was planted at The Zaragoza Experimental Station-
UAAAN, which is located at the geographical coordinates of -100° 55’
West longitude and 28° 33’ North latitude and at a height on a sea level
of 350m. The climate of the region is dry, semi-warm, extreme, with
intermediate rains between summer and winter. The average tem-
perature is 22 to 24 °C and an average annual rainfall of 300–400mm.
The annual frequency of frost is from 0 to 2 days and hailstorms from 1
to 2 days, (hereinafter referred to as Zaragoza). The Ejido “Las Norias”
belongs to the municipality of Ramos Arizpe, Coahuila, it is located at a
West longitude of -100°57’2” and North latitude of 25°32’26”, and
height at sea level of 1100m (Pérez, 1964). The climate of the region is
very dry: semi-warm (50%), semi-arid (30.8%), semi-dry temperate
(13%), dry temperate (6%), and sub-humid temperate with scarce rains
throughout the year (0.2%) with an average temperature range
12–22 °C, and precipitation 100–600mm per year (INEGI, 2010),
(hereinafter this locality will be mentioned as Ramos Arizpe). The
geographic coordinates of the Experimental Field of Buenavista, Salt-
illo, Coahuila, are North latitude of 25°22’41” and a West longitude of
-101°22’ and a height of 1743 masl. The climate of the region is very
dry, semi-warm, cool winter, extreme, with rains in summer (García,
1986). The average annual rainfall is 350–400mm and the average
annual temperature is 19.8 °C, (hereinafter this locality will be men-
tioned as Saltillo). For this study, leaves were collected from moringa
planted at these three locations, then, collected leaves were transported
in brown paper bags and allowed to dry in the shade at room tem-
perature for five days. Leaflets and petioles were manually separated,
which were dehydrated at 60 °C for 6 h to remove traces of moisture,
finally, the samples were milled and sieved.

2.2. Reagents and materials

All reagents used in this study were of analytical grades with high

purity.
Folin-Ciocalteu´s phenol reagent, gallic acid, catechin, 2,2-diphenyl-

1-picrylhydrazyl (DPPH), 2,2-azino-bis-3-ethylenebenzothiozoline-6-
sulfonic acid (ABTS 98% HPLC), 2,4,6- Tri(2-pyridyl)-s-triazine (TPTZ
98%), and 6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxilic acid
(Trolox® 97%) were purchased from Sigma-Aldrich. Sodium carbonate,
butanol-HCl (99%), absolute ethanol (99%), potassium persulfate
(99%), ferric chloride (97%), and sodium acetate (99%) were pur-
chased from Jalmek. Iron reagent (hydrochloric acid and ferric am-
monium sulfate 98.5%) and acetic acid were purchased from J.C. Baker,
Fayu Lab, and BioBasis, respectively.

2.3. Extraction of polyphenolic compounds from the leaflet and petiole in
moringa

The ethanolic extracts were obtained by mixing 1 g of sample with
7mL of solvent (distilled water: absolute alcohol, 1: 1). Samples were
placed in an ultrasonic bath for 20min; with a frequency of 60 HZ,
then, centrifuged at 419 g for 10min; after that, the supernatant was
recovered.

2.4. Determination of total hydrolyzable polyphenols

Quantification of hydrolyzable polyphenols from moringa leaflets
and petiole were determined using the Folin-Ciocalteu technique
(Ascacio-Valdés et al., 2014). Briefly, 400 μL of the moringa extract
(1:50 dilution) were mixed with 400 μL of the Folin-Ciocalteu reagent
(left for 5min to rest), then, 400 μL of sodium carbonate Na2CO3 at
0.01M and 2.5mL of distilled water were added. Its absorbance was
read at 790 nm using a UV/Vis. spectrometer. The experiment was
performed by triplicate; the content of hydrolyzable polyphenols was
expressed as gallic acid equivalents (GAE) according to the calibration
curve prepared with the same standard.

2.5. Determination of condensed polyphenols

The content of condensed polyphenols of moringa leaflet and petiole
were quantified using the butanol-HCl technique (Swain and Hillis,
1959). In this case, 500 μL of moringa extract without dilution was
placed in test tubes, 3 mL of butanol-HCl (1:9) and 100 μL of ferric
reagent were added. The tubes were closed and placed into a metabolic
bath (100 °C) for 1 h, cooled to room temperature and their absorbance
was read at 460 nm. The experiment was performed by triplicate; the
content of condensed polyphenols was expressed as catechin equiva-
lents (EQ) according to the calibration curve that was prepared by di-
luting 10mg of catechin in 10mL of distilled water (1 g/L).

2.6. Identification of polyphenolic compounds by HPLC/MS analysis

Identification of phenolic compounds was carried out with an HPLC-
MS as follows: The obtained extracts (supernatants) were filtered with
nylon membranes of 0.45 μm and placed in vials of 1.8 mL, to be ana-
lyzed by HPLC-MS. A Denali C18 column (150mm x 2.1mm, 3 μm
Grace USA) was used, with a temperature of 30 °C, using as eluent
formic acid (0.2% v/v solvent A) and acetonitrile (solvent B). A 3% B
gradient was applied; 0.5 min, 9% linear B; 5–15min, 16% linear B;
15–45min, 50% linear B. The average flow rate was maintained at
0.2 mL/min and the elution was monitored at 245, 280, 320 and
550 nm. The entire effluent was injected (0.2 mL/min). Mass analysis
was performed using a Varian 500-MS ion trap equipment, negative
mode ([M−H] – m/z), with a capillary voltage 90 V, electrospray io-
nization (ESI), and mass acquisition range100-2000 m/z. The extraction
was designed to recover polyphenolic compounds. A specialized data-
base was used for the identification of polyphenolic compounds, Varian
MS Workstation version 6.9 (Varian, Palo Alto, California, USA).
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2.7. DPPH (2,2-diphenyl-1-picrylhydrazyl) antioxidant assay

A 60min kinetic analysis was performed, where the absorbance was
read every 10min. According to the technique proposed by Molyneux
(2004), a stock solution of the DPPH radical was prepared with absolute
ethanol at a concentration of 60 μM. Briefly, 7 μL of the extract were
mixed with 193 μL of the DPPH solution, and finally, the absorbance
was read using a UV/Vis. spectrophotometer at 517 nm. The results
were expressed in % of inhibition of DPPH according to equation 1:

=reduction of DPPH Ac Am
Ac

% ( ) *100 (1)

where Ac is the control absorbance and Am is the absorbance of the
sample.

2.8. ABTS (2,2-azino-bis-3-ethylenebenzothiozoline-6-sulfonic acid)
antioxidant assay

The kinetic analysis was 60min where the absorbance was read
every 10min. According to Re et al. (1999) technique, a stock solution
of 7mM ABTS and 2.45mM potassium persulfate (2:1) was prepared,
leaving it to rest for 12 h at room temperature. Later, it was adjusted
with absolute ethanol until it reached an absorbance of
0.700 ± 0.002 nm. Briefly, 5 μL of the sample and 195 μL of the ABTS
solution were placed in a tube, homogenized, and maintained for one
min at room temperature in absolute darkness, then, its absorbance was
read at 734 nm. The results were expressed in % of inhibition of ABTS
according to equation 2.

=reduction of ABTS Ac Am
Ac

% ( ) *100 (2)

where Ac is the control absorbance and Am is the absorbance of the
sample.

2.9. Ferric reducing antioxidant power (FRAP)

This assay was performed according to Torres-León et al. (2017),
FRAP reagent was prepared by mixing TPTZ (10mM), FeCl3 (20mM),
and acetate buffer (0.3M, pH 3.6) in a proportion of 1:1:10. Then, 10 μL
of the sample was mixed with 290 μL of the FRAP reagent. The mixture
was homogenized and incubated at 37 °C for 15min. Finally, the ab-
sorbance was read at 593 nm with 60min kinetics at 10min intervals.
The results were calculated according to equation 3 and were expressed
as Trolox equivalents taking into account the calibration curve pre-
pared with the same standard, in this case the regression equation
y=0.1946+ 0.0029x with a determination coefficient of r2 = 0.99
was obtained.

=FRAP value of sample uM Abs sample FRAP value of std uM
Abs std

( ) ( ) ( )
( )

where Abs (sample) is the sample absorbance and Abs (std) is the ab-
sorbance of the standard.

2.10. Statistical analysis

The analysis of the categorical data was performed with the chi-
square test, with the purpose to detect if there is an association of lo-
calities, with the number of chemical compounds in the different plant
parts, besides, stratified analysis by location was performed. Principal
components and dendrogram analysis for phytochemicals was carried
out using Info-Gen software (version 2011). The statistical analysis of
antioxidant test results were performed by ANOVA and when it was
significant, treatment means were compared employing the Tukey
multiple ranges (α=0.05) with the statistical program SAS (9.0 v). In
addition, the standard deviation was determined for those values ob-
tained in polyphenolic compounds and antioxidants tests.

3. Results and discussion

3.1. Determination of hydrolysable and condensed polyphenols

In this study, significant differences for polyphenol content in
moringa leaflets and petioles were found, as well as, among moringa
tissue collected from different localities. Table 1 shows that the con-
densed tannins were observed in higher concentrations in leaflets
(Zaragoza, 4.106 ± 0.05; Ramos Arizpe 7.149 ± 1.74; Saltillo
4.082 ± 0.02mg QE/g) and in petioles (0.456 ± 0.04, 0.644 ± 0.06,
and 0.380 ± 0.06mg QE/g, for Zaragoza, Ramos Arizpe and Saltillo,
respectively), than those values of hydrolyzable tannins, but with low
values compared with other reports (Oluduro et al., 2010; Pakade et al.,
2013).

The hydrolyzable tannin contents found in this study were minimal
in leaflets (1.756 ± 0.36, 4.494 ± 0.32, and 2.179 ± 0.24mg GAE/
g, for Zaragoza, Ramos Arizpe and Saltillo, respectively), but not in the
petioles (0.542 ± 0.08, 0.683 ± 0.12, and 0.627 ± 0.01mg GAE/g,
for Zaragoza, Ramos Arizpe and Saltillo, respectively) where was found
more than the condensed ones (Table 1).

These results are lower than those reported by Castillo-Lopez et al.,
(2017), in two variants of Moringa oleifera; long sheath 76.63 and short
sheath 71.08mg GAEg−1; in the same way, than, those reported by
García and Bernal (2017), who reported higher values in samples from
Galicia Spain and Guinea. They used different types of solvents for
compounds extraction (Galicia and Guinea): methanol 80%,13.851 and
10.554; acetonitrile 24.468 and 16.83; distilled water 23.015 and
17.966mg GAE/g PS, respectively); Makkar and Becker (1996), re-
ported 34 mgg−1; Linares-Rivero et al. (2018), reported higher values
with different extraction methods and similar to Rocchetti et al. (2019),
tested different extraction methods and solvents, obtaining results of
35.19mg/g to 5.62mg/g dry matter of total phenolic content, being
these last results lower to those reported in the present investigation.
Pakade et al. (2013), report 24.4 gkg−1 dry weight of these compounds;
and even comparing them with other vegetables such as cauliflower,
spinach, cabbage, broccoli, and peas, the hydrolyzable tannins found in
the present study are smaller. This may be due to the diverse en-
vironmental conditions, harvest season, plant tissue used (Iqbal and
Bhanger, 2006; Ming-Chih et al., 2011), extraction method (Linares-
Rivero et al., 2018; Rocchetti et al., 2019; Vongsak et al., 2013a, 2013b)
or type of solvent used for the extraction (Borbone et al., 2017; Borrelli
et al., 2009). Torres-Castillo et al. (2013) only detected the presence of
total phenols and flavonoids by colorimetric tests and qualitative
comparison.

3.2. Identification of polyphenolic compounds by HPLC/MS analysis

The HPLC characterization of moringa extracts allowed the identi-
fication of a total of 15 phytochemical compounds, separated by their

Table 1
Hydrolysable and condensed polyphenols in leaflet and petioles from Moringa
oleifera grown at three different Coahuila locations.

PP/Localitya Hydrolysable polyphenols
(mg GAE/g dry extract)b

Condensed polyphenols
(mg QE/g dry extract)c

Leaflet-Zaragoza 1.756±0.36 4.106±0.05
Petiole-Zaragoza 0.542±0.08 0.456±0.04
Leaflet-Ramos

Arizpe
4.494±0.32 7.149±1.74

Petiole-Ramos
Arizpe

0.683±0.12 0.644±0.06

Leaflet-Saltillo 2.179±0.24 4.082±0.02
Petiole-Saltillo 0.627±0.12 0.380±0.06

aPP part of the plant.
bmg/g GAE• g−1mg gallic acid equivalents per g dry weight.
cmg/g EQ• g−1mg quercetin equivalents per g dry weight.
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molecular mass and according to their retention time (Table 2) using
the database Varian MS Workstation version 6.9.

Compounds identification was carried out using negative ionization
as MS operating conditions. The present study showed a higher pre-
sence of flavonoids (none compounds) compared with soluble phenols
(five compounds), and terpenes (one compound). Flavonoids such as
phenolic acids were found in both plant tissues from the three locations,
while terpene (3,4-DHPEA-EA) was found only in the locality of Ramos
Arizpe in both tissues of moringa. In this regard, flavones were the most
frequent compounds (apigenin 6, 8-di-C-glucoside, apigenin arabino-
side-glucoside, and apigenin 6-C-glucoside) followed by anthocyanins
(Fig. 1) (cyanidin 3,5-O-diglucoside and peonidin 3-O-(6”-acetyl-glu-
coside)), flavonols (quercetin 3-O-glucoside), methoxyflavones (si-
nensetin) was only found in moringa leaflet from Saltillo locality and
the petiole from the Zaragoza locality; methoxyflavonols (5,3’,4’-tri-
hydroxy-3-methoxy-6:7-methylenedioxyflavone 4’-O-glucuronide) was
only found in moringa petiole from Ramos Arizpe locality and

dihydrochalcones (phloretin 2’-O-xylosyl-glucoside) appeared in mor-
inga leaflets from the three locations and in the petiole from Zaragoza
locality.

The second most frequent class of compounds was phenolic acids
such as hydroxycinnamic acid (Fig. 2) (caffeic acid 4-O-glucoside, 1-
caffeoylquinic acid, 3-p-coumaroylquinic acid, 3-caffeoylquinic acid,
and 3-feruloylquinic acid). These compounds were identified in both
plant tissues from all locations.

The bioactive chemical compounds identified in moringa leaflets
and petioles have economical and health importance. Flavonoids such
as quercetin 3-O-glucoside belongs to the flavonol family, it is reported
as hypoglycemic compound Middha et al. (2012), antibacterial, anti-
inflammatory, antioxidant, hepatoprotective, analgesic, vasodilator,
and anti-rheumatoid (Anwar et al., 2007; Arora et al., 2014; Nouman
et al., 2014; Oluduro et al., 2010; Promkun et al., 2010). Also, flavonols
have been reported for treatments against typhoid, and malaria, for
stomach problems, and dysentery by amoebiasis (De Melo et al., 2009;

Table 2
Main phytochemical compounds identified by HPLC/MS in extract from Moringa oleifera.

RTa (min) Molecular
weight

Compounds Family Zaragoza Ramos Arizpe Saltillo

Leaflet Petiole Leaflet Petiole Leaflet Petiole

3.90 341 Caffeic acid 4-O-glucoside Hydroxycinnamic acid + + – – + +
4.12 377 3,4-DHPEA-EA Tyrosol – – + + – –
14.84 369.9 Phloretin 2'-O-xylosyl-glucoside Dihydrochalcones + + + – + –
18.34 352.9 1-Caffeoylquinic acid Hydroxycinnamic acid + + + + + +
21.67 336.9 3-p-Coumaroylquinic acid Hydroxycinnamic acid + + + + + +
23.8 352.9 3-Caffeoylquinic acid Hydroxycinnamic acid + – + – – –
22.87 366.9 3-Feruloylquinic acid Hydroxycinnamic acid – – – – + –
25.44 611.9 Cyanidin 3,5-O-diglucoside Anthocyanins + + + + + +
27.05 592.9 Apigenin 6,8-di-C-glucoside Flavones + – + + + +
29.56 562.9 Apigenin arabinoside-glucoside Flavones – – – + + +
31.52 371 Sinensetin Methoxyflavones – + – – + –
32.64 430.9 Apigenin 6-C-glucoside Flavones – – – + – +
33.41 462.9 Quercetin 3-O-glucoside Flavonol + + + + + +
34.77 504.9 Peonidin 3-O-(6”-acetyl-glucoside) Anthocyanins + + + + + +
37.72 518.9 5,3',4'-Trihydroxy-3-methoxy-6:7-methylenedioxyflavone 4'-O-

glucuronide
Methoxyflavonols – – – + – –

a RT Retention times (min); (+) = presence; (-) = abscence.

Fig. 1. Mass chromatograms of 1-Caffeoylquinic acid in its retention time.
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Maguro and Lemmen, 2007). In the family of hydroxycinnamic acids,
anti-inflammatory and antioxidant properties, lipid reduction in
plasma, and liver and acute lung damage are reported (Sashidhara
et al., 2009; Vongsak et al., 2013a, 2013b) as well as the prevention of
stomach cancer. Sinensetin a methoxyflavone, was found only in

moringa petiole from Zaragoza and leaflet from Saltillo, and is asso-
ciated with anti-inflammatory (Laavola et al., 2012; Shin et al., 2012)
and antipyretic (Yam et al., 2009) properties, thereby helping to pre-
vent obesity. The fact that some chemical compounds such as si-
nensetin, 5,3 ', 4'-trihydroxy-3-methoxy-6: 7-methylenedioxyflavone 4'-
O glucuronide and 3,4-DHPEA-EA have only appeared in some locality
or type of tissue is probably due to the geographical and soil conditions
(Olson and Alvarado-Cárdenas, 2016), as well as, climatic and season
conditions, where moringa was growing (Iqbal and Bhanger, 2006;
Ming-Chih et al., 2011), which could affect tissue final composition
(Nouman et al., 2016; Saucedo-Pompa et al., 2018), since, stressful
environments stimulate a greater quantity and production of secondary
metabolites.

The analysis of categorical data for the presence of chemical com-
pounds by localities and plant tissue, showed a Q value of 0.4806, while
the QP value is 1.3314, so, it is clear that there is no association between
the localities and the presence of chemical compounds in the different
plant tissues. The presence of these chemical compounds in the moringa
tissues is independent of localities since they do not depend on the
environment in which the plant is grown. Likewise, the values of
0.1216, 0.1207 and 0.0860 of the Coefficient Phi, Coefficient of
Contingency and V of Cramer, respectively, obtained by the chi-square
analyzes of Mantel-Haenszel, indicated a total Independence between
localities and presence of chemical compounds in two plant tissues, but
no inside the same locality, since, significant differences were observed
between leaflets and petioles.

The lack of association found in the categorical analysis among lo-
calities, tissues, and chemical compounds suggests that Moringa oleifera
is a species that has high contents of bioactive compounds, regardless of
the locality and the plant tissue (petiole, leaflet) where the sample is
collected.

The principal components analysis indicated that only 20% of the
chemical compounds identified in leaflets from moringa grew at
Saltillo, were not found in the other localities, so there are no differ-
ences between localities. In Fig. 3, two main components are observed;
CP1 explains 42.6% of the total variance and CP2 explains 28.6%,
which together represent 71.2% of the total variance.

Fig. 2. Mass chromatograms of cyanidin 3,5-O-diglucoside in its retention time.

Fig. 3. Biplot of principal component analysis. Ordering produced by chemical
compounds content of different tissue of Moringa oleifera grown at three loca-
tions. 1= caffeic acid 4-O-glucoside, 2=1-caffeoylquinic acid, 3= 3-p-cou-
maroylquinic acid, 4= 3-caffeoylquinic acid, 5= 3-feruloylquinic acid,
6=cyanidin 3,5-O-diglucoside, 7= peonidin 3-O-(6′'-acetyl-glucoside),
8=quercetin 3-O-glucoside, 9=sinensetin, 10=5,3′,4′-trihydroxy-3-methoxy-
6:7-methylenedioxyflavone 4′-O-glucuronide, 11=3,4-DHPEA-EA, 12= api-
genin 6,8-di-C-glucoside, 13= apigenin arabinoside-glucoside, 14=apigenin 6-
C-glucoside, and 15= phloretin 2′-O-xylosyl-glucoside.
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The chemical compounds 1-caffeoylquinic acid, 3-p-coumar-
oylquinic acid, cyanidin 3,5-O-diglucoside, peonidin 3-O-(6”-acetyl-
glucoside), and quercetin 3-O-glucoside, were found positively corre-
lated, since, they were identified in moringa from the three localities, as
well as, in both plant tissues. Caffeic acid 4-O-glucoside and sinensetin
are positively correlated because both chemical compounds were
identified in Zaragoza and Saltillo; caffeic acid 4-O-glucoside is present
in both plant tissues, whereas sinensetin is only found in moringa pe-
tioles. At the same time, these chemical compounds are negatively
correlated with 3,4-DHPEA-EA and this chemical compound was only
found in the locality of Ramos Arizpe, both in moringa leaflet and pe-
tiole. Apigenin 6-C-glucoside is positively correlated with the chemical
compounds 5,3',4'-trihydroxy-3-methoxy-6:7-methylenedioxyflavone
4'-O-glucuronide, 3,4-DHPEA-EA, and apigenin 6,8-di-C-glucoside and
apigenin arabinoside-glucoside, and they were identified in the petioles
from Ramos Arizpe; also, apigenin 6,8-di-C-glucoside and apigenin
arabinoside-glucoside are found in petiole from Saltillo where apigenin
6-C-glucoside is present. This chemical compound is negatively corre-
lated with phloretin 2'-O-xylosyl-glucoside, because it is not found in
moringa petioles from Ramos Arizpe and Saltillo, where apigenin 6-C-
glucoside is present. The chemical 3-feruloylquinic acid was only
identified in leaflets from the Saltillo locality and is positively corre-
lated with caffeic acid 4-O-glucoside, sinensetin, and apigenin arabi-
noside-glucoside, these chemical compounds are also present in this
tissue and locality. The 3-caffeoylquinic acid was identified in moringa
leaflets from Zaragoza and Ramos Arizpe and is positively correlated
with the chemical compounds 3,4-DHPEA-EA, apigenin 6,8-di-C-glu-
coside, and phloretin 2'-O-xylosyl-glucoside, since, these were found
only in moringa leaflets from these locations.

The most chemical compounds were identified in the moringa tissue
from Saltillo. These leaflets were characterized by the presence of caf-
feic acid 4-O-glucoside, 1-caffeoylquinic acid, 3-p-coumaroylquinic
acid, 3-feruloylquinic acid, cyanidin 3,5-O-diglucoside, peonidin 3-O-
(6”-acetyl-glucoside), quercetin 3-O-glucoside, sinensetin, apigenin 6,8-
di-C-glucoside, apigenin arabinoside-glucoside, and phloretin 2'-O-xy-
losyl-glucoside. Petioles were characterized by the presence of caffeic
acid 4-O-glucoside, 1-caffeoylquinic acid, 3-p-coumaroylquinic acid,
cyanidin 3,5-O-diglucoside, peonidin 3-O-(6”-acetyl-glucoside), quer-
cetin 3-O-glucoside, apigenin 6,8-di-C-glucoside, apigenin arabinoside-
glucoside, and apigenin 6-C-glucoside. In the dendrogram (Fig. 4), it is
shown that according to the phytochemical profile found in moringa

tissue, formed three groups.
Surprisingly, Zaragoza petioles and Saltillo leaflets were the most

similar according to their chemical composition, because they joined to
a less distance than the rest of the groups. Another group was formed by
Zaragoza and Ramos Arizpe leaflets, where their chemical compounds
were 80% similar; these two groups joined at a greater distance, since,
they share profiles at 53.84% in the leaflets of Ramos Arizpe and
Saltillo, as well as, in 70% in the leaflets and petioles of Zaragoza. A
third group was formed by Ramos Arizpe and Saltillo petioles and they
share 72.72% of their chemical compounds. These three groups joined
at the greatest distance, since the similar chemical compounds were
only 33.33%, in moringa from the three localities as well as, in both
tissues of the plant. The groups identified in the dendrogram, confirm
the groupings showed by the principal component analysis. The den-
drogram suggested that compounds found in leaflet and petiole of the
moringa cultivated in Zaragoza, Ramos Arizpe, and Saltillo are very
similar since they share most of the chemical compounds (86.7%).

3.3. DPPH, ABTS antioxidant assay and ferric reducing antioxidant power

According to the kinetic behavior of absorbance, the greater anti-
oxidant activity (DDPH, ABTS, and FRAP) was presented at 60min. In
Table 3 is shown results of antioxidant activity for DPPH, ABTS, and
FRAP, where differences among localities and plant parts were appre-
ciated, being the tissue samples collected at Ramos Arizpe and leaflets,
those that showed the greater antioxidant activity according to the
three tests (DPPH 76.35% inhibition, ABTS 98.45% inhibition, and
FRAP 1055.46mg/L Trolox equivalents). In Table 3 the significant
differences in DPPH and FRAP for localities and tissue are shown, while
for ABTS there were no significant differences observed. The highest
average of antioxidant activity was in leaflets and samples from Ramos
Arizpe.

Although the polyphenolic compound contents in the moringa ex-
tracts of this study were lower than those reported by other investiga-
tions, they showed higher antioxidant activity with the radical ABTS in
both types of tissue (Table 3) than for the other tests. For the anti-
oxidant capacity of DPPH, lower values were obtained than those re-
ported by Castillo-López et al. (2017) and Torres-Castillo et al. (2013),
but no for those values mentioned by Fitriana et al. (2016) who ob-
served values lower than those determined in the present study. These
Scientifics used ethyl-acetate and dichloromethane as solvents. This
type of solvent has a low polarity, which is a negative factor for ob-
taining polyphenolic compounds. In the ABTS assays, antioxidant ac-
tivity values were higher than those reported by Fitriana et al. (2016).
In the present study, up to 98.45% inhibition was obtained, apparently
one of the highest percentages reported in the literature, and even
higher than DPPH in which a value of 76.35% inhibition was obtained,
using the same tissue and the same locality than ABTS, confirming that
obtained by other researchers (Martins et al., 2015; Sashidhara et al.,
2009; Thaipong et al., 2006) which also obtained higher values of an-
tioxidant activity of ABTS than the DPPH radical. This suggests that the

Fig. 4. Dendrogram obtained by the chemical compounds content from dif-
ferent parts of the Moringa oleifera grown at three locations. *ZF=Zaragoza-
leaflets, ZP= Zaragoza- petioles, SP= Saltillo- petioles, RP=Ramos- petioles,
SF= Saltillo- leaflets, and RF=Ramos- leaflets.

Table 3
Antioxidant activity of ethanolic extracts from leaflets and petioles of Moringa
oleifera grown at three different locations of Coahuila State, Mexico.

Extract DPPHa %
Inhibition

ABTS %
Inhibition

FRAPb mg/L
ET• g−1

Leaflet-Zaragoza 66.95±6.92 97.20± 2.24 453.80± 9.63
Petiole-Zaragoza 59.97±1.08 75.47± 14.34 165±6.53
Leaflet-Ramos Arizpe 76.35±1.37 98.45± 0.82 1055.46± 22.62
Petiole-Ramos Arizpe 61.25±2.35 87.27± 5.67 189.07± 15.37
Leaflet-Saltillo 65.67±4.32 95.13± 7.08 537.04± 14.09
Petiole-Saltillo 47.01±2.96 89.65± 0.47 147.04± 7.72

a % Inhibition Inhibition of DPPH and ABTS radicals.
b mg/L ET• g−1 mg/L Trolox equivalents per g dry weight.
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ABTS radical is a more sensitive compound since it reduces more ra-
pidly than DPPH in the presence of antioxidants. Maybe, antioxidant
activity is affected by the method of extraction (Linares-Rivero et al.,
2018; Vongsak et al., 2013a, 2013b), crop conditions, harvest time,
storage conditions (Föster et al., 2015), variation in the leaves-age
during collection, leaf state of development, and plant tissue (Ming-
Chih et al., 2011; Shih et al., 2011), decreasing the number of chemical
compounds, as well as, its antioxidant activity.

4. Conclusions

The results obtained in this study showed that both moringa leaflets
and petioles from Ramos Arizpe locality contained the highest number
of total phenolic compounds, flavonoids, and terpenes, with a great
antioxidant potential, mainly those values found from leaflets in the
three antioxidant assays (DPPH, ABTS, and FRAP) and may be due to
presence of these bioactive compounds with therapeutic properties, for
which, it should be considered in the food and pharmaceutical industry
for treatment of certain diseases.
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