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Abstract

Anredera cordifolia (Ten.) Steenis is a vine species native to Brazil that is considered an unconventional food plant
and a medicinal species whose phenolic compounds exert antioxidant activity. Since the production of metabolites is
determined by environmental factors and leaf maturity, it is important to track these changes in order to determine
the best time to harvest. This study aimed to verify whether leaf phenology and seasonality cause variations in
the amount of phenolic compounds and in the antioxidant activity of this species. The leaves were collected in
different seasons between September 2018 and April 2019, and separated according to maturity: young, mature,
and senescent. Daily atmospheric temperature and rainfall data were used to characterize the collection period. The
total phenolic content (TPC), determined by Folin-Ciocalteu method, was significantly higher in the young leaves
collected in winter, a season of lower temperatures. These leaves showed 54.4 mg of gallic acid equivalents per
100 g of dry matter (mg GAE 100 g' DM). Other results averaged 25.6 mg GAE 100 g'' DM. The highest antioxidant
activity, assessed via the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method, regardless of leaf phenology, was observed
in leaves harvested in autumn (73.7%) and winter (71.1%), seasons with lower rainfall. Leaves harvested in summer
and spring had lower antioxidant action rates (54.3 e 37.5%, respectively). There was no significant correlation
between the total phenolic content and antioxidant activity. Thus, the phenolic composition of A. cordifolia, and
consequently its activity on free radicals, varies seasonally in response to temperature and rainfall, and may or
may not interact with the age of the leaves.
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Resumo

Anredera cordifolia (Ten.) Steenis é uma trepadeira nativa do Brasil considerada uma planta alimenticia ndo
convencional e uma espécie medicinal, cujos compostos fenélicos exercem agdo antioxidante. Como a produgdo
de metabdlitos é determinada por fatores ambientais e pela maturidade das folhas, é importante acompanhar
essas mudangas a fim de determinar a época de colheita. Neste estudo objetivou-se verificar se a fenologia foliar
e a sazonalidade ocasionam varia¢do na quantidade de compostos fenélicos e na agao antioxidante dessa espécie.
As folhas foram coletadas em diferentes estagdes, entre setembro de 2018 e abril de 2019, e separadas conforme
a maturidade: jovens, maduras e senescentes. Os dados diarios de temperatura atmosférica e pluviosidade foram
usados para caracterizar o periodo de coleta. O contetido de fenélicos totais (TPC), determinado pelo método
Folin-Ciocalteu, foi significativamente maior nas folhas jovens coletadas no inverno, periodo caracterizado por
temperaturas mais baixas. Estas folhas apresentaram 54,4 mg equivalentes de acido galico por 100 g de matéria seca
(mg GAE 100 g' DM) . A média dos outros resultados foi de 25,6 mg GAE 100 g'' DM. A maior agdo antioxidante,
avaliada pelo método do radical livre 2,2-difenil-1-picrilhidrazil (DPPH), foi observada em folhas colhidas no
outono (73,7%) e inverno (71,1%), independentemente da fenologia foliar. Nestes periodos a pluviosidade foi menor.
Folhas colhidas no verdo e na primavera apresentaram menores percentuais de agdo antioxidante (54,3 e 37,5%,
respectivamente). Ndo houve correlacdo significativa entre o contetido de fendlicos totais e a atividade antioxidante.
Conclui-se que a composicdo fendlica de A. cordifolia e, consequentemente, sua agdo sobre radicais livres, varia
sazonalmente em resposta a temperatura e pluviosidade, podendo ou ndo interagir com a idade das folhas.
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1. Introduction

Anredera cordifolia (Ten.) Steenis (Basellaceae) is a
non-endemic vine native to Brazil that grows in the
phytogeographic domains of the Cerrado, the Atlantic
Forest, and the Pampas, and is popularly known as “bertalha,
trepadeira-mimosa, bertalha-coracdo, and folha-gorda”
(Souza and Lorenzi, 2019). This species has a wide tropical
distribution, and can be found throughout India, America,
Australia, China, Malaysia, Pacific Islands, and South Africa.
In Indonesia and other neighboring regions, it is known
as “binahong”, and Australians call it “madeira vine”.
Anredera cordifolia can often be found in forest edges
and in vacant lots in urban areas. In Brazil, mainly in the
southern region, it is considered an unconventional food
plant and a medicinal herb. In the state of Rio Grande
do Sul, its fresh leaves are used to treat burns, wounds,
onychomycosis, and also against insect bites, skin lesions
and circulatory system disorders (Alba et al., 2020).
Its leaves and aerial tubes are eaten in varied forms.
The tubers can be eaten either cooked or fried (Kinupp
and Lorenzi, 2014), and the leaves have high nutritional
value for bread-making, serving as an excellent source of
proteins and fibers (Martinevski et al., 2013). This species
has also been used as a medicinal plant throughout the
world, mainly to treat inflammatory skin diseases, wounds,
fungi, and other types of infections. Many in vitro and
in vivo pharmacological studies have been conducted
with this species. Regarding the chemical composition,
phytochemical screening evidenced the presence of
alkaloids, flavonoids, saponins, steroids, and terpenoids
in A. cordifolia extracts. Flavonoids as vitexin, isovitexin,
morin, myricetin, and 3,5,3’,4’-tetrahydroxyflavon, in
addition to sapogenins such as ursolic acid were isolated.
The probable presence of p-coumaric acid, lupeol, and
B-sitosterol was researched (Alba et al., 2020).

The pharmacological properties of plants are directly
related to the compounds they produce, especially those
originating from secondary metabolism. Plant secondary
metabolites are chemical bioactive compounds commonly
synthesized as a defense against physiological and
environmental stimulators, and are known to play a critical
role in the adaptation of plants to their environment
(Ramakrishna and Ravishankar, 2011). In addition to plant
protection, these compounds have extensive applicability
in human health.

Because of its many health benefits, phenolic compounds
are one of the most researched secondary metabolite
groups. The major treatment targets for phenolic
compounds include cardiovascular diseases, cancer,
obesity, diabetes, and infectious diseases (Rasouli et al.,
2017). They also have antioxidant and anti-inflammatory
properties that could have preventive and therapeutic
effects for cardiovascular and neurodegenerative diseases
(Cory et al., 2018).

Since several pathophysiological conditions can be
related to an excessive amount of free radicals in the
body causing oxidative stress, the interest in studies on
antioxidant substances is rapidly increasing. Free radicals
are atoms or molecules containing one or more unpaired
electrons in their external orbitals, which makes them
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extremely reactive (Meo and Venditti, 2020). Phenolic
compounds have the ability to reduce the reactive oxygen
species that cause oxidative stress (Osorio-Tob6n, 2020), and
they can be produced by plants under stressful conditions.
Studies have highlighted the effect of environmental
conditions on the phytochemical profile (Lin et al.,
2020), and on the phenolic content and antioxidant
activity of several plant species (Ben Ahmed et al., 2017;
Dalmagro et al., 2018; Hrichi et al., 2020; Ko et al., 2018;
Ribeiro et al., 2020).

Considering that the content of secondary metabolites
in plant extracts can vary depending on leaf age
and environmental conditions, this study tested the
hypothesis that young, mature, and senescent leaves of
A. cordifolia, harvested in periods with distinct patterns
of air temperature and rainfall, vary in their phenolic
composition and antioxidant activity. Through this analysis,
we can establish the most suitable conditions for obtaining
extracts with higher phenolic content and antioxidant
activity from the species.

2. Material and Methods

2.1. Plant materials

The samples were collected in Sarandi, a municipality
located in northern Rio Grande do Sul, Brazil (27°58'11.90" S;
52054'29.78" W), between September 2018 and April 2019.
The municipality is located at an altitude of 433 m and
has a humid subtropical climate, with hot summers and
monthly precipitation (Wrege et al., 2012). The leaves
came from an A. cordifolia specimen that grew freely in a
vacant lot, surrounded by sparse herbaceous vegetation
and a few trees. The area where the species was harvested
was chosen due to its remote location, with few passersby
and animals, and its proximity to the residence of one of
the authors. This preserved the area from any external
intervention capable of compromising the experiment or
directly interfering in the specimens under study. The plant
was growing in the shade. The material was identified in
the RSPF Herbarium, at the University of Passo Fundo (state
of Rio Grande do Sul, Brazil), and a voucher specimen was
deposited under number 14413.

The leaves were collected in the mornings, stored in
plastic bags, and then separated into three categories,
according to a visual indication of maturity: young, mature,
and senescent (Figure 1). The young leaves, which were
collected near the apical bud at the apex of the branches,
were narrower and light green in color; the mature (adult)
leaves were retrieved from the intermediate and basal part
of the branches, and had a dark green color and leathery
thickness; the senescent leaves were those that showed
signs of aging, such as yellowish color and apical necrosis,
in addition to signs of fungal spots. Each batch was dried
separately in a hot air circulation oven at 45 °C.

2.2. Characterization of collection times

The daily data on maximum temperature, minimum
temperature and rainfall for the period in which the
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Figure 1. Anredera cordifolia leaves separated according to leaf age: young (A), mature (B), and senescent (C). Scale bars, 1 cm.

collections were made were obtained from the Cooperativa
Triticola Sarandi Ltda, located in the municipality of Sarandi.
To define the weather pattern, the average maximum
and minimum temperatures were considered, as well as
the total and average rainfall in the 45 days immediately
before the day of collection.

2.3. Reagents and equipment

All solvents and reagents used were analytical grade.
The 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
was obtained from Sigma-Aldrich and the Folin-Ciocalteu
reagent from Merck. Gallic acid from Sigma-Aldrich was
used as the standard. The samples were analyzed through
a visible spectrophotometer (Kasuaki, [I-227).

2.4. Preparation of samples

About 1 g of dried and ground leaves, precisely weighed,
were extracted by shaking for 20 minutes with 50 mL of
methanol:water (1:1). The extract obtained was filtered
into a 50.0 mL volumetric flask and made up to volume
using the extraction solvent. Each solution thus obtained
was considered a stock solution, and for each collection
period, solutions were obtained from the young, mature,
and senescent leaves, totaling 12 stock solutions that were
used for TPC analysis.

For the antioxidant activity assay, the samples were
prepared from about 1 g of the leaves, precisely weighed, and
extracted by shaking with 5 mL of methanol for 20 minutes.
The solution was filtered and the volume made up to 5.0 mL
using methanol to obtain sample (1), with 200 mg mL™" of
dry matter. Sample (1) was then diluted to obtain three
other samples: (2) 120 mg mL"'; (3) 80 mg mL"'; (4) 40 mg
mL". These samples were obtained for the young, mature,
and senescent leaves, at all four concentrations and four
collection times, totaling 48 samples.

2.5. Total phenolic content

The total phenolic content (TPC) was determined by
the modified Folin-Ciocalteu method (Sousa et al., 2007).
A 1.0 mL portion of each stock solution was transferred
to 10.0 mL volumetric flasks. Subsequently, 500 pL of
Folin-Ciocalteu reagent and 2 mL of 14% aqueous sodium
carbonate solution were added, and the volume was
completed with distilled water. After incubation for
2 hours at room temperature, absorbance was measured
at 750 nm against a blank that was prepared with all
reagents except the sample. The assay was performed
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in triplicate. The results were derived from a calibration
curve (y =0.107x + 0.0754; R? = 0.9995) of standard gallic
acid and expressed as mg of gallic acid equivalents (GAE)
100 g of dry matter (DM).

2.6. DPPH radical scavenging assay

The evaluation of the free radical scavenging activity
of 2,2-diphenyl-1-picrylhydrazyl (DPPH) was performed
according Sousa et al. (2007), with modifications. Initially,
dilutions of 35, 30, 25, 20, 15, 10, 5, and 1 pg mL"* from a
stock methanolic solution of DPPH at the concentration
of 40 pg mL' (0.1 mM) were obtained (in triplicate), and
absorbances were read at 516 nm, using methanol as
blank. The calibration curve of DPPH was built using the
absorbance results.

For the analysis, aliquots of 0.3 mL of each sample, at
four different concentrations, and 2.7 mL of the DPPH stock
solution (0.1 mM) were used. Methanol (0.3 mL) and DPPH
0.1 mM (2.7 mL) were mixed and used as control. Each
sample generated one blank that consisted of 0.3 mL of
sample and 2.7 mL of methanol. All solutions were stored
away from any light sources, and the absorbances were
read at 515 nm, 30 min after addition of DPPH. The assays
were carried out in triplicate.

For each sample, the percentage of antioxidant activity
(% AA) was calculated through the Equation 1:

% AA = {[Abscontrol— (Abssample - Absblank)] ><100} | Abscontrol (])

The percentage of remaining DPPH was also estimated
by the following equation (Equation 2):

% DPPH =[ DPPH |, /[ DPPH ] x100 (2)

[DPPH],,: the concentration of DPPH after reaction with
the samples

[DPPH],: the initial concentration of DPPH (40 pg mL*)
Based on an exponential curve graph between the
percentage of remaining DPPH and the concentration
of the sample, the effective concentration of the
antioxidant (mg mL') necessary to reduce the initial
DPPH concentration by 50% (EC50), within 30 min,
was obtained. Therefore, the lower EC50, the higher
antioxidant capacity.
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2.7. Statistical analysis

Results of the daily rainfall in the 45 days before each
collection were submitted to analysis of variance (ANOVA).
The results of the daily maximum and minimum temperatures
were also submitted to analysis of variance, followed by
comparison of means by Tukey’s test at 5% significance level.

The results of TPC and the effective sample concentration
necessary to decrease the initial concentration of DPPH
by 50% (EC50) were submitted to analysis of variance in a
4 (collection season) x 3 (leaf maturity) two-tailed model,
with comparison of means by Tukey’s test at 5% significance
level. Subsequently, Pearson’s correlation analysis was
performed to verify a possible association between the
chemical and biological results and the environmental
variables. The results were expressed as mean * standard
deviation (SD). Statistical analyses were performed using
IBM SPSS version 20.0 software.

3. Results

3.1. Rainfall and atmospheric temperature

Total and average rainfall and temperature data
(maximum and minimum) in the 45-day period prior to
each collection are shown in Table 1. Average rainfall did
not vary significantly in any of the seasons (p = 0.502);
however, the total rainfall in the analyzed period was lower
in autumn and winter. During winter, both maximum
and minimum temperature averages were also recorded
significantly lower than the other seasons.

3.2. Effect of seasonality on total phenolic content

The results of TPC showed that seasonality influences
the production of these compounds in young, mature,
and senescent leaves of A. cordifolia. The highest level
of phenolic compounds was found in the young leaves
collected during winter (54.4 + 7.36 mg GAE 100 g-' DM)
(Figure 2).

Figure 2A shows the TPC results in each season and
the corresponding total precipitation, comparing young,
mature, and senescent leaves. In those collected during
winter and summer, young leaves (winter 54.4 + 7.36;
summer 35.2 +2.14) showed significantly higher TPC results
than mature (winter 32.9 +2.23; summer 26.3 + 1.73) and

senescent leaves (winter 27.5 + 1.51; summer 23.8 + 6.47).
In those collected during autumn, TPC results did not vary
by leaf age, showing no significant differences between
young (25.3 £ 5.10), mature (19.2 £ 0.97), and senescent
(18.9 + 1.30) leaves. Spring was the only season in which
mature leaves showed higher TPC (29.2 +0.11). This result did
not differ significantly from senescent leaves (22.3 + 1.87),
which in turn did not differ from young leaves (21.5 + 1.78).

Figure 2B presents the TPC results at each leaf age,
comparing winter, spring, summer, and autumn. The TPC
was higher in winter for all leaf ages, being significantly
higher for young leaves. Mature and senescent leaves
did not differ significantly between winter, spring, and
summer, with the lowest TPC values observed in autumn.

3.3. Antioxidant activity

The DPPH radical scavenging activity of the samples,
expressed in terms of EC50 values (mg mL), in each
collection season, is shown in Table 2. Young leaves
collected in autumn, as well as mature and senescent
leaves collected in winter, showed the lowest EC50 values,
and thus the highest antioxidant activity.

From the analyses performed for each leaf age and
in each season, with samples at concentrations of 40,
80, 120, and 200 mg mL"' dry matter, the percentage of
antioxidant activity and remaining DPPH were calculated.
Figure 3 presents the percentage of antioxidant activity for
A. cordifolia leaves at the concentration of 200 mg mL,
regardless of phenology, and the total rainfall in each
season. Hence, considering all leaf ages, leaves collected
in autumn and winter showed the highest percentages of
radical-scavenging activity (73.7% and 71.1%, respectively).
In these two periods, total rainfall was much lower, which
may be considered periods of water stress.

3.4. Correlation between TPC and antioxidant activity

The correlation between total phenolic content and
DPPH scavenging activity was calculated and found to be
r=-0.152 (p = 0.384), thus it was not significant.

4. Discussion

In plant-environment interactions, phenolic compounds
play an important role. The amount of polyphenols can

Table 1. Characterization of the 45-day period immediately prior the collections regarding rainfall and atmospheric temperature in

Sarandi, Rio Grande do Sul, Brazil.

Rainfall (mm)

Temperature (°C)

Collection season  Day of collection

Total Mean * SD (anz)a(:ntuSnDl) (xir;inmtusr;l))
Winter 14 Sept 2018 209 46+15.0a" 195+44c¢ 82+35¢c
Spring 5 Dec 2018 335 74+16.0a 28.7+35ab 149+28b
Summer 20 Jan 2019 314 70+141a 29.6+32a 189+31a
Autumn 2 April 2019 161 36+100a 270+3.2b 163£25b

N =45; SD: standard deviation. *Values followed by the same letter do not differ according to Tukey’s test at 5% probability.
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Figure 2. Total phenolic content (TPC) in young, mature and senescent Anredera cordifolia leaves, collected during winter, spring,
summer and autumn in Sarandi, Rio Grande do Sul, Brazil. Results grouped by season, with the corresponding total precipitation (2A);
results grouped by leaf age (2B). Each value represents the mean of three experiments. The lines in the bars refer to standard deviation.
Different letters (within each group) indicate significant differences by ANOVA and Tukey’s post test (p < 0.05).

Table 2. Effective concentration (mg mL™") of young, mature and senescent A. cordifolia leaves, collected during winter, spring, summer
and autumn in Sarandi, Rio Grande do Sul, Brazil, necessary to reduce the initial DPPH concentration by 50% (EC50), within 30 min.

Maturity of leaves Young Mature Senescent

Collect season

Winter 241.0 +12.1 70.5 +10.1 96.8 £22.5
cB aA aA

Spring 709.1 £56.3 2475+64 2751+454
dB cA cA

Summer 167.2£8.5 128.8+6.8 843.2+8.9
bA bA dB

Autumn 56.8 +12.2 1701 £75 170.9 + 10.4
aA bB bB

Each value represents the mean * SD of three experiments. Means followed by the same lowercase letter in the column, and uppercase letter
on the line, don’t differ by ANOVA and Tukey'’s post test (p < 0.05).
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Figure 3. Radical scavenging activity (%) of Anredera cordifolia leaves, in a concentration of 200 mg mL"', and total precipitation (mm)

during winter, spring, summer and autumn.

change according to phenological and developmental
stages of the plants and the environmental conditions.
In A. cordifolia leaves, the seasonal effect led to a variation
in phenolic content and antioxidant activity. In accordance
to recent studies that have demonstrated a higher phenolic
content in plant species collected in winter, the TPC found
in this study was higher in winter, differing significantly
from the other seasons. This was a period of thermal stress,
with significantly lower average temperatures. In extracts
of Convolvulus althaeoides L. leaves, the phenol compounds
were also predominant in winter (Hrichi et al., 2020).

Susanti (2019) determined the TPC and the antioxidant
activity by DPPH of hexane, chloroform and methanol
extracts of A. cordifolia, and obtained values of 8.54 + 0.49,
17.30 + 0.47 and 32.5 + 1.11 mg GAE g of dry extract.
The values of ES50 (EC50) extracts were 583.601 + 2.533,
446.219 +2.268 and 237.683 £ 13.373 pg mL-". Our values
varied from 18.9 £ 1.30 to 54.4 + 7.36 mg GAE 100 g* of dry
matter for TPC and from 56.8 £ 12.2 to 843.2 + 8.9 mg mL"' for
EC50. Considering that there were different methods of
obtained extracts, a comparison between these values might
be difficult to make. In Susanti’s research, each extract
was concentrated and dried by using a rotary evaporator.
In our research, due to the large number of samples tested,
the obtained extracts were not concentrated in rotary
evaporator. Therefore, they were expressed as mg of gallic
acid equivalents (GAE) 100 g of dry matter (DM) for TPC
and in terms of EC50 values (mg mL"') for antioxidant
activity. The TPC values from our study can be compared
with those of Kumar et al. (2020). The study of callus
cultures of Basella rubra showed that the highest TPC value
was 74 mg GAE 100 g of fresh weight. Our results can also
be compared to some TPC values of Basella alba leaves, that
varied from 779.58 to 29.14 mg GAE 100 g (Jayswal et al.,
2021). Regarding the chemical composition, the isolation
and identification of flavonoids in A. cordifolia supports
our findings on the total phenolic content and, in turn,
the antioxidant action of the plant.
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Anredera cordifolia leaves showed a higher capacity
to sequester the DPPH radical in autumn and winter,
regardless of leaf phenology, which is similar to Sasa
quelpaertensis leaves that presented a high content of
phenolic compounds as well as antioxidant activity during
the same seasons (Ko et al., 2018). In the present study,
the region where the plant material was collected does
not have a dry season or a rainy season; precipitation
occurs every month of the year. Thus, the average daily
rainfall did not differ significantly in the assessed seasons,
but the total rainfall was lower in autumn, followed by
winter. These may therefore be considered seasons of
water stress. In papaya leaves, the content and diversity
of phenolic compounds and antioxidant activity increased
under drought stress (Espadas et al., 2019). The dry season
revealed the most potent antioxidant activity by DPPH test
in Secondatia floribunda (Ribeiro et al., 2020). According
to Albergaria et al. (2020), high concentrations of active
substances were produced by plants grown under drought
conditions.

In A. cordifolia, the thermal stress observed in the
45-day period before each collection caused an increase
in phenolics in the younger leaves, so they were the ones
whose properties were most affected. As the leaves aged,
the phenolic content decreased. Young A. cordifolia leaves
appear to have a more rapid metabolic response to thermal
stress, which results in a greater accumulation of phenolics.
Younger tissues have shown to have higher rates of
secondary compound biosynthesis (Blum-Silva et al., 2015).
Koukounaras et al. (2007) also found higher phenol content
in younger leaves of Eruca sativa Mill. For Ilex paraguariensis
leaves, there was a decrease in the production of phenolic
compounds over time, being highest in the one-month-old
leaves (Blum-Silva et al., 2015). llex paraguariensis leaves up
to six months old, in turn, showed higher methylxanthine
content (Esmelindro et al., 2004).

Bezerra et al. (2013) report an increase in total phenolic
and rutin content in barley cultivars during periods of
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higher rainfall and lower temperatures. However, our study
observed that the period of lower total rainfall did not
correspond to the period of higher phenolic production in
A. cordifolia. Albergaria et al. (2020) carried out a systematic
review on the effect of water supply on the contents of total
phenolic compounds in medicinal plants, concluding that
the idea that there is a widespread increase in phenolic
compounds in response to water stress is most often
incorrect. The authors also point out that most studies
have been conducted in controlled conditions. In our case,
A. cordifolia has been growing in a natural environment,
and not under controlled conditions.

Although several studies have already demonstrated a
significant correlation between phenolic content and DPPH
reagent scavenging activity in plant species (Ghasemzadeh
etal., 2010; Ko et al., 2018; Pandey et al., 2016; Ribeiro et al.,
2020), in A. cordifolia leaves this was not the case.
The interaction of an antioxidant with DPPH depends on
its structural conformation (Brand-Williams et al., 1995),
and phenolic compounds are known to be a very diverse
group in terms of chemical structure. A limitation of
this study is that the method used does not detect only
compounds with favorable structural characteristics in
terms of antioxidant activity. Therefore, other compounds
may be involved in the reactions, which would justify the
low correlation coefficient obtained in this research. Other
studies have also found no correlation between phenolic
concentration and antioxidant activity (Aradjo et al., 2015;
Gori et al., 2020).

5. Conclusion

The findings of this study confirmed that the metabolism
and production of phenolic compounds in A. cordifolia leaves
are affected by seasonal factors, such as precipitation and
temperature. During winter and autumn, higher thermal
and water stress were observed, respectively. As a defense
mechanism in response to oxidative stress, plants can
increase the synthesis of phenolic compounds, which
have antioxidant properties. In the case of A. cordifolia, low
temperatures led to an increase in phenolic biosynthesis.
Within the period observed in this study, young leaves
were the most affected. Considering that young tissues
generally have higher rates of metabolites biosynthesis, a
more intense response of young leaves to environmental
stress was observed. Higher radical scavenging activity
was observed during periods of lower rainfall, regardless
of leaf age. Therefore, collection in periods of more stress,
either thermal or water stress, favors the attainment of
plant material richer in phenolic content and, consequently,
with greater antioxidant potential.
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