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Abstract
Purpose: To investigate the antioxidant and phenolic profiles of methanol extracts from Rhizophora
mangle L, Krameria erecta, Lycium berlandieri Dunal, Vallesia glabra Link and Forchammeria watsonii
Rose.
Methods: The free radical 2, 2-diphenyl-1-picrylhydrazyl (DPPH) method was used for antioxidant
assay of methanol plant extracts. Phenolic compounds determination was carried out by high
performance liquid cromatography (HPLC) using an analytical C18 column eluting with acetonitrile on a
gradient program.
Results: Extract from Rhizophora mangle L and Krameria erecta displayed 5-fold higher antioxidant
capacity than ascorbic acid with DPPH reduction values of 95.71 and 91 %, respectively. Anti-radical
kinetic analysis and stoichiometric constant values suggest that the compounds responsible for
antioxidant activity are polyphenols and flavonoids with a free or mono-substituted catechol group.
Ferulic and vanillic acids had higher contents in Rhizophora mangle L (688.45 ± 18.21 and 7.13 ± 0.125
mg/g, respectively) and Krameria erecta (619.92 ± 28.16 mg/g and 22.29 ± 0.72 mg/g, respectively)
than the other constituents.
Conclusion: Rhizophora mangle and Krameria erecta possess five times the antioxidant activity of
ascorbic acid and also demonstrate high phenolic contents, which supports the beneficial properties
attributed to these plants in traditional medicine, and also justifies the use of the plants as alternative
medicines.
Keywords: Rhizophora mangle, Krameria erecta, Ferulic acid, vanillic acid, Antioxidant capacity,
Alternative medicines, Phenolics, Anti-radical kinetics
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INTRODUCTION
Plants produce a wide variety of antioxidant
compounds during their development as a result
of unfavorable environmental exposure or
mechanical processes, which are capable of

counteracting the negative effects of oxidative
damage [1]. Antioxidants are used in traditional
medicine to improve the human health [2]. The
extension on medicinal plant use in Mexico has
raised the importance of knowing the compounds
responsible of their therapeutic properties [3].
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More than two hundred plant species that exists
in Sonora are used for various purposes in
traditional medicine. Previous results in our
laboratory demonstrated that Sonora plants as
Forchammeria watsonii, Rhizophora mangle and
Lycium berlandieri possess antifungal activity
against Aspergillus niger and Aspergillus flavus,
as well as antibacterial activity against
Staphylococcus aureus and Streptococcus
pyogenes [Unpublished results].
One of the main problems working with plant
extracts is the large compound variation in plant
homogenate, which produce a background that
inhibits the screening of specific compounds.
Some studies proposed exponential decay
equations for kinetic analysis of citric juice
allowing antioxidant compounds identification [4].
Identification of antioxidant mechanism using
kinetic equations is a powerful tool to identify the
nature of bioactive compounds. Thus, the
present work focuses on the analysis and
identification of antioxidant activity of different
methanol extracts of medicinal plants from
Southern Sonora, Mexico in order to understand
the basis of the medicinal use of these plants in
this region.

EXPERIMENTAL
Plant materials
All plant materials were collected in the southern
region of the state of Sonora, Mexico, during
February 2011. Professor José Jesús Sánchez
Escalante at the Universidad de Sonora
Herbarium authenticated the plant samples and
voucher specimens were preserved in the
laboratory for future reference. The samples
consisted of barks of Rhizophora mangle L
(voucher No. 20392; location: 26° 42' 10.47" N,
109° 31´ 31.25´´ W), Krameria erecta (voucher
No. 20391; location: 26° 39' 50.68" N, 109° 19'
7.14" W) and Forchammeria watsonii Rose
(voucher No. 20393; location: 26° 47' 37.07" N,
109° 21' 7.25" W), leaf of Vallesia glabra Link
(voucher No. 20390; location: 26° 53' 56.65" N,
location: 109° 37' 56.17" W) and roots of Lycium
berlandieri Dunal (voucher No. 20388; location:
26° 53' 56.65" N, 109° 37' 56.17" W).
Preparation of extracts
All plants samples were dried at 25° C and
powdered using an electric mill (Thomas
Scientific 3383-L10). The sample was mixed with
methanol (10 % w/v) and stirred for 96 h at 25
°C. Methanolic extract was concentrated at 40-

48 °C and 30 rpm using a rotary evaporator
(Yamato RE 300).
Determination of antioxidant capacity
Antioxidant capacity of methanolic extract was
analyzed using the 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) method [5]. The reduction of the DPPH
radical absorbance was followed at 517 nm
(UV/Vis PerkinElmer LAMBDA 25). Distinct
methanolic extract concentration of each plant
was evaluated (3.25 - 100 µg/mL) in triplicate,
and ascorbic acid was used as control. The
results were expressed as a percent of DPPH
scavenging.
Antioxidant activity kinetics
Antioxidant activity kinetics was evaluated by
employing exponential decay equations to
describe the fast/low antioxidant kinetics and
coordinate with the compounds responsible of
anti-radical activity [4]. The stoichiometric
constant was obtained from the slope of the
DPPH reduction and methanolic extract
concentration plots. The stoichiometric constant
values were correlated with those obtained from
pure antioxidant compounds in order to clarify
the bioactive compounds present in plant
methanolic extracts [6]. Stoichiometric constant
was used for anti-radical activity determination
contrasted with the control (ascorbic acid). A
calibration curve with DPPH was assayed to
calculate the molar extinction coefficient.
Software Origin 8.0 (OriginLab, Northampton,
MA) was used for data fitting and kinetic
analysis.
Phytochemical screening
Phytochemical screening of plant extracts was
performed using 1 mg of each plant sample.
Meyer and Dragendorff reagents were used for
alkaloids detection. Polyphenols were detected
by the iron chloride test. Presence of terpenes
was evaluated by the Salkowski test. Baljet
reagent was used for sesquiterpene lactones
presence. Gelatin-tannin reaction was used for
those samples polyphenol positive. Flavonoids
were identified by the H2SO4 and Shinoda test.
Finally, Liebermann-Burchard test was applied
for sterols determination [7].
Determination of phenolic compounds
Determination of phenolic compounds was
carried out using an HPLC Perkin Elmer series
200 system equipped with LC pump, UV/Vis
detector
and
Vacuum
Degasser.
Chromatographic analysis was performed using
Trop J Pharm Res, September 2014; 13(9): 1488

Moran-Palacio et al

an analytical scale C18 column, 150 mm × 4.6
mm. Mobile phase A consisted of 0.1 %
trifluoroacetic acid (TFA) in water, and mobile
phase B 100 % acetonitrile on a gradient
program of A:B = 90:10 for 0-0.1 min, A:B =
90:10 for 0.1-50 min, A:B = 60:40 for 50-60 min
and A:B = 55:45 at 1.0 mL/min. The injection
volume for methanol extracts and standards was
20 µL, and absorbance was set up at 280 nm [8].
The standards used for phenolic compounds
profile in plant methanolic extracts consisted on
gallic acid, caffeic acid, ferulic acid, vanillic acid,
protocatechuic acid, chlorogenic acid and
benzoic acid.
Statistical analysis
All measurements were performed in triplicate for
each assay, and the results were expressed as
the mean ± standard deviation. Data were
analyzed by one-way analysis of variation
(ANOVA) procedures, and differences among
means were compared using Tukey and Fisher
test with a level of significance of p < 0.05. The
data were analyzed using Software Origin 8.0
(OriginLab, Northampton, MA) for Windows.

DPPH concentration appeared at prolonged
kinetic time evaluation. The slope of DPPH and
ascorbic acid correlation plot disclose a
stoichiometric constant (σ) of 1.17 (Fig. 1b).
The antioxidant activity of methanolic extracts
from wild plants of southern Sonora especially
Krameria erecta showed biphasic kinetics. The
first phase illustrates fast kinetics on DPPH
concentration decay at the beginning of reaction,
followed by a slower kinetics with a gradual
reduction of DPPH concentration (Fig 2a). Other
plants exhibited similar kinetics with amplitude
values proportional to antioxidant activity. The
slope of DPPH and Krameria erecta extract
correlation plot describes the stoichiometric
constant for fast and slow phase with high-quality
2
correlation (r = 0.99) and individual phase
stoichiometric match with total stoichiometric
constant (Figure 2b).
Ascorbic acid stoichiometric constant functioned
as control to assess antiradical activity of each
plant sample (Table 1). These results
demonstrate that Rhizophora mangle and
Krameria erecta exhibited the highest anti
radical-activity among the five plants evaluated.

RESULTS
Phytochemical screening
Antioxidant capacity
The antioxidant capacity of methanolic extract of
all plants was concentration dependent
displaying a maximal antioxidant capacity at 100
µg/mL. Contrasting with the positive control
ascorbic acid (100 %) the antioxidant capacity of
R. mangle (95.71 %) showed the most elevated
DPPH scavenging capacity, followed by K.
erecta (91 %), L. berlandieri (85.99 %) and V.
glabra (57.70 %). F. watsonii gave the lowest
value of DPPH scavenging (15.23 %). All
antioxidant capacity values were statistically
different (p ≤ 0.05).
Antioxidant activity kinetics
-4

The molar extinction coefficient of 1.26 × 10
-1
-1 2
Lmol cm (r = 0.999) for DPPH obtained on the
kinetic analysis compares with values reported
by others authors [9]. Using this coefficient
DPPH scavenging could be expressed as
-1
concentration (µmolL ). Antioxidant kinetics of
ascorbic acid showed a single phase DPPH
scavenging (Fig. 1a). Ascorbic acid kinetics
reduces the DPPH concentration at the
beginning of the reaction in a concentrationdependent manner. Moreover, no change on

The performance of phytochemical screening on
methanol extract allows kinetic results correlation
with specific organic compounds groups (Table
2). The results show that most samples yield
positive to polyphenols and terpenes tests.
Moreover, Rhizophora mangle and Krameria
erecta showed a similar phytochemical profile
and consistent with kinetic results indicating
presence of flavonoids. The phytochemical
screening results of plant extracts aided in
establishing the compounds analyzed in the
HPLC method. The antioxidant compounds in the
extracts suggested by our kinetic analysis have
been identified in other plants with antioxidant
capacity [6,10,11].
Phenolic compounds
The Rhizophora mangle and Krameria erecta
plants present the highest antioxidant activity
among plants reported in this study. In this
sense, the phenolic compounds detected in plant
methanolic extracts were gallic acid, caffeic acid,
ferulic acid, vanillic acid, protocatechuic acid,
chlorogenic acid and benzoic acid (Table 3).
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Figure 1: Kinetics of Ascorbic acid antioxidant activity (A) DPPH radical reduction (58 µmolL ) by ascorbic acid
at distinct concentrations (µM). (B) Graphic representation of DPPH reduction (Yo-Ys) at each ascorbic acid
concentration

-1

Figure 2: Kinetics of Krameria erecta antioxidant activity. (a) DPPH radical reduction (75 µmolL ) by Krameria
erecta at distinct concentrations (µg/mL). (b) Graphic representation of DPPH reduction (Yo-Ys) at each Krameria
erecta concentration. Fast phase kinetics (●●), slow phase kinetics (▲) and total kinetics (■)
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Table 1: Stoichiometric constants of methanolic extract from medicinal plants of southern Sonora, Mexico
-1

Plant
Rhizophora mangle
Krameria erecta
Lycium berlandieri
Vallesia glabra
Forchhammeria watsonii

Stoichiometric constant

Antiradical activity (µmolL
equivalents of ascorbic acid)

ms
5.26
5.02
0.643
0.379
0.225

At
13.487
12.872
1.649
0.972
0.577

m1
3.05
2.67
0.39
0.245
0.124

m2
2.21
2.34
0.252
0.133
0.1

A1
7.821
6.846
1.000
0.628
0.318

A2
5.667
6.000
0.646
0.341
0.256

Table 2: Phytochemical profile of methanol extracts of medicinal plants of southern Sonora, Mexico
Phytochemical
test
Alkaloids
Polyphenols
Terpenes
Sesquiterpenelactones
Gelatin-tannin
Flavonoids
Liebermann
Saponins

Rhizophora
mangle
+
+
+

Krameria
erecta
+
+
+

Forchammeria
watsonii Rose
+
-

Lycium
berlandieri
+
+
+

Vallesia
glabra
+
+
+
-

+
+
+

+
+
-

+
+

+
-

+
+
-

Table 3: Phenolic compound concentrations of Krameria erecta and Rhizophora mangle
Phenolic compound
Gallic acid
Caffeic acid
Chlorogenic acid

Krameria erecta
Rhizophora mangle
Concentration (mg/g of methanol extract ± SD)
-5
0.0086 ± 0.0003
0.00285 ± 7.75x10
0.012 ± 0.0005
0.035 ± 0.0007
0.310 ± 0.014
0.151 ± 0.0071

Vanillic acid

22.29 ± 0.7238

7.13 ± 0.125

Benzoic acid
Ferulic acid

0.148 ± 0.006
619.92 ± 28.165

0.011 ± 0.0004
688.45 ± 18.21

Protocatechuic acid

1.40 ± 0.077

0.360 ± 0.020

DISCUSSION
Rhizophora mangle presented a DPPH
scavenging of 43 % using 12.5 µg/mL extract
concentration. This result is consistent with an
earlier report on Rhizophora mangle from the
region of Caimito Beach (Havana, Cuba) [12].
Recently, a DPPH radical scavenging activity in
Krameria erecta from north-west Mexico was
reported with values of 92.74 % [13]. This result
is consistent with the DPPH scavenging values
obtained in this work.
The stoichiometric constant is a crucial
parameter for antioxidant activity because it
describes the number of radical molecules that
are stabilized from each antioxidant molecule.
Rhizophora mangle presents higher values in the
fast phase (m1) contrasting slow phase (m2).
This pattern implicates that antioxidant
compounds are capable of radical stabilization by

fast hydrogen transfer. In the other hand,
Krameria erecta had similar stoichiometric values
in fast and slow phases, suggesting that
hydrogen displacement occurs by fast or slow
mechanism in equal proportion. This behavior is
distinctive from free or mono-substituted catechol
antioxidant compounds.
The results were put side by side with
stoichiometric constant values of purified
antioxidant compounds [6,14]. This analysis
suggest that polyphenols as such as gallic acid,
epigallocatechin, chlorogenic acid and quercetin
are responsible for total antioxidant capacity in
Rhizophora mangle and Krameria erecta (m =
5.26, 5.02, respectively). These results agree
with those reported for Rhizophora mangle
collected from Camaguey (Cuba) which indicated
its main composition as epicatechin (8.44 %),
catechin (6.60 %) and chlorogenic acid (2.15 %)
[15].
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Ferulic and vanillic acid represent the main
phenolic acids in Rhizophora mangle and
Krameria erecta samples. These phenolic
compounds contribute to antioxidant activity due
to the arrangement of functional groups
(hydroxyl) about its nuclear structure for
hydrogen donation in order to stabilize radical
molecules [16].
The lowest phenolic concentration values in the
Rhizophora mangle and Krameria erecta
samples
correspond
to
gallic,
caffeic,
chlorogenic, benzoic and protocatechuic acids.
These concentrations are below the range of 10
to 30 mg/g reported for others medicinal plants
with antioxidant properties [17,18]. However,
compared with usual vegetables and fruits
(dietary plants) as banana (gallic acid 0.003
mg/g), apple (chlorogenic acid 0.0176 mg/g),
blueberry (gallic acid 0.0048 mg/g; caffeic acid
0.0216 mg/g), cherry tomato (gallic acid 0.0088
mg/g) and citrus (caffeic acid 0.0085 mg/g;
chlorogenic acid 0.0054 mg/g); Rhizophora
mangle and Krameria erecta possess 7 fold
higher concentrations of these phenolic acids
[19].
Vanillic acid content on Rhizophora mangle and
Krameria erecta is 300 and 800 fold higher than
other antioxidant plants. The vanillic acid
concentrations in other plants have distinct
values: Capparis spinosa (0.048 mg/g),
Geranium purpureum (0.02 mg/g), Phytolacca
americana (0.039 mg/g) and Styrax officinalis
(0.011 mg/g) [11]. The ferulic acid accumulation
on both samples is at least 500 fold higher than
those reported for other plants used on
ethnopharmacology [20]. In addition, ferulic acid
concentration on Rhizophora mangle and
4
Krameria erecta is 10 fold higher compared with
antioxidant fruits as papaya (0.0081mg/g) and
orange (0.0045 mg/g) [19]. Ferulic acid has
implications
on
antihyperglycaemic
and
antioxidant
properties
decreasing
lipid
peroxidation and enhancing glutathione and
antioxidant enzymes, reducing the severity of
diabetes [21]. The data obtained on this work
supports the beneficial properties attributed to
medicinal plants in folk medicine.

CONCLUSION
Southern Sonora plants, namely, Rhizophora
mangle and Krameria erecta, possess five times
the antioxidant capacity of ascorbic acid,
indicating that Sonora plants are a good source

of bioactive compounds for study and
application. In addition, most of the antioxidant
studies in plant samples are limited to antioxidant
capacity reports in terms of percent of radical
stabilization, but lack discussion of the
antioxidant activity responsible compounds. In
this work, we show that kinetic analysis
implementation
supports
prediction
of
metabolites responsible for antioxidant activity
and facilitate the experimental design of specific
assays for active compound isolation. Finally, the
high
antioxidant
activity
and
bioactive
compounds profile identified on Sonora plants
support the beneficial properties attributed to
these plants in traditional medicine, and
contribute to a better understanding of alternative
medicine.
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