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Abstract
Phenolic compounds are a group of plant secondary metabolites known to have a variety of bioactivities, including 
the ability to function as antioxidants. Because of the side effects of the use of synthetic substances, the search for 
natural and less toxic compounds has increased significantly. This study was designed to evaluate the antioxidant 
activity and phenol content of hexane, ethyl acetate, and aqueous extracts of the bark (suber) and stems as well as 
the young and mature leaves of Blepharocalyx salicifolius. The extracts were obtained by extraction with organic 
solvents and subsequent fractionation by chromatographic partition coefficient. Preliminary tests for the presence 
of antioxidants were performed using bioautography in thin-layer chromatography. The antioxidant activity of the 
extracts was assessed using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method, and the phenol content of the extracts 
was quantified using the Folin-Ciocalteu technique. The results showed that 9 of the 12 extracts evaluated displayed 
very strong antioxidant activity and three displayed moderate activity. Aqueous extracts of the young leaves and bark 
and the ethyl acetate extract of the young leaves showed the highest levels of antioxidant activity and total phenolic 
content (TPC). A correlation was observed between TPC and antioxidant activity index (AAI) with a correlation 
coefficient (r2) of 0.7999. Thus, the high phenol content of B. salicifolius extracts and its correlation with antioxidant 
activity provide substrates for further studies.
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Atividade antioxidante e teor de polifenóis de extratos de cascas (súber), 
caule, folhas jovens e folhas maduras de Blepharocalyx salicifolius (Kunth) 

O. Berg (Murta)

Resumo
Os polifenóis são um grupo de metabólitos secundários vegetais que possuem uma variedade de bioatividades 
conhecidas, dentre elas a capacidade de funcionar como antioxidantes. Devido aos efeitos colaterais do uso excessivo 
de substâncias sintéticas, a busca por compostos naturais e menos tóxicos têm aumentado significativamente. Esse 
estudo teve por objetivo avaliar a atividade antioxidante e o teor de polifenóis dos extratos hexânicos, acetato de etila 
e aquosos de cascas (súber), caules, folhas jovens e folhas maduras de Blepharocalyx salicifolius. Os extratos foram 
obtidos por meio de extração com solventes orgânicos e subsequente fracionamento em cromatografia por coeficiente 
de partição. Testes preliminares da presença de compostos com atividade antioxidante foram realizados por meio de 
bioautografia em cromatografia de camada delgada. Os extratos foram submetidos ao teste da capacidade sequestrante 
do radical 2,2-difenil-1-picrilhidrazil (DPPH) para quantificação da atividade antioxidante e submetidos ao teste com o 
reagente de Folin-Ciocalteu para quantificação dos polifenóis. Os resultados mostraram que dos 12 extratos avaliados, 
9 apresentaram atividade antioxidante muito forte e 3 atividade moderada. Os extratos aquosos de folhas jovens e 
cascas e o extrato acetato de etila de folhas jovens apresentaram os maiores índices de atividade antioxidante e teor 
de polifenóis (TPC). A correlação entre TPC e o índice de atividade antioxidante (AAI) observada foi de r2 = 0,7999. 
Dessa forma, ficou evidenciado o elevado teor de polifenóis e sua correlação com a atividade antioxidante nos extratos 
de B. salicifolius, fornecendo subsídios para novos estudos.

Palavras-chave: bioatividade, Cerrado, estágio de maturação foliar, Murta, sequestro de radicais livres.
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1. Introduction

Production of reactive oxygen species (ROS) occurs 
naturally in living organisms as a result of oxidative 
metabolism (Rahman and Adcock, 2006). In situations of 
imbalance, these compounds are produced in excess and 
their interaction with biomolecules leads to pathological 
states (Arts and Hollman, 2005). Recent research has 
shown that oxidative stress promoted by free radicals 
is linked to the etiology of diseases such as Parkinson’s 
disease, cancer, myocardial infarction, and atherosclerosis 
(Vellosa et al., 2007; Zarena and Sankar, 2009). In addition, 
oxidative stress is harmful to the food industry, changing 
the smell, taste, and nutritional value of food (Krings and 
Berger, 2001).

Compounds capable of preventing or delaying the 
oxidation of biomolecules by free radicals are called 
antioxidants (Halliwell et al., 1995). Because of the side 
effects from the use of synthetic compounds (Yildirim et al., 
2001), the search for natural substances that can be used 
as antioxidants in the food, cosmetic and health industries 
has been intensified (Repetto and Llesuy, 2002). In plants, 
these compounds are mainly represented by polyphenols, 
such as flavonoids, and carotenoids (Lizcano et al., 2010).

Polyphenols are a heterogeneous group of secondary 
metabolites that have a basic structure containing a functional 
hydroxyl group attached to an aromatic ring. Many of 
these compounds are carotenoids such as xanthophylls, 
and flavonoids. Carotenoids are found in leaves and fruits, 
where they act as accessory pigments in the photosynthetic 
process and confer vivid colors to the fruits. Flavonoids 
such as anthocyanins, flavonols, and flavones accumulate in 
the epidermis and protect the plant body from the harmful 
effects of exposure to ultraviolet light (Manach et al., 2005; 
Taiz and Zeiger, 2013). Therefore, most researchers have 
focused their efforts on evaluating the antioxidant activity 
and polyphenol content of leaves or fruit extracts. Studies 
evaluating the antioxidant activity and polyphenol content 
in stem bark (suber) or stem extracts are poorly reported 
in the literature.

Few studies evaluate the antioxidant activity of 
Myrtaceae species from the Brazilian Savanna (Cerrado). 
In this phytophysiognomy, plants are exposed to a series 
of extreme environmental conditions. The loss of leaves 
are costly physiological processes from an energy point 
of view (Fine et al., 2006). Thus, plants produce higher 
concentrations of secondary metabolites such as polyphenols 
to protect themselves from attack by herbivores and from 
intense solar radiation (Hartmann, 1996).

Popularly known as murta, Blepharocalyx salicifolius 
(Kunth) O. Berg, found in the Brazilian Savanna (Cerrado), 
belongs to the Myrtaceae family (Denardi and Marchiori, 
2005; Rego et al., 2010). The fruit has strong antioxidant 
activity and high concentrations of anthocyanins, vitamin 
C, flavonoids, and carotenoids (Rufino, 2008). Previous 
studies have shown antioxidant activity in leaf extracts 
from this species (Ceron et al., 2007) as well the presence 

of saponins, phenolic compounds, anthraquinones, 
flavonoids, and tannins in their leaves (Suyenaga et al., 
2007; Romero et al., 2012). However, studies evaluating 
the antioxidant potential of the bark (suber), stems, or leaf 
extracts from B. salicifolius at different stages of maturation 
have not been reported in the literature.

Thus, this study was designed to evaluate the antioxidant 
activities of hexane, ethyl acetate, and aqueous extracts of 
the bark (suber), stems, young leaves, and mature leaves of 
B. salicifolius as well as the concentration of polyphenols 
in these tissues.

2. Material and Methods

2.1. Plant materials
Stem bark (suber), stems, young leaves, and mature leaves 

from B. salicifolius (Kunth) O. Berg were collected at the 
Brazilian Savanna (Cerrado) of the Federal University of 
São Carlos (21°58’5”S and 47°53’12”W) in September 2012 
(average temperature: 20.7 °C; mean relative humidity of 
the air: 64.2%; average solar radiation: 17.77 MJ.m–2 day–1.) 
(EMBRAPA, 2015). According to Köeppen (1948), this 
region has a rainy summer (October to March) and a dry 
winter (April to September). In this way, it is possible to 
categorize the climate as Aw. The leaves were classified as 
young or mature according to the absence or presence of 
membranous texture (Habermann et al., 2015a), respectively. 
Stem barks (suber) and stems were collected from young 
branches, without epiphytic organisms. All plant material 
was washed in water, dried in a forced-air oven for 72 h 
at 40 °C, and then ground separately on an electric mill 
to obtain a powder of each tissue studied.

2.2. Obtaining extracts
The powder obtained from each plant material was 

subjected to extraction with CH2Cl2/CH3OH (1:1 v/v) in 
an ultrasound bath for 30 min (Rostagno et  al., 2003). 
The  mixture was filtered through a Büchner funnel 
containing filter paper (pore size, 0.22 µm) connected 
to a vacuum pump. This process was repeated five times 
for each biological material. After drying, the extracts 
were solubilized in a mixture of CH3OH/H2O (95:5 v/v) 
and partitioned with hexane to give rise to the hexane 
and methanolic extracts. The dry methanol extracts 
were solubilized in distilled water and partitioned with 
ethyl acetate to give rise to the ethyl acetate and aqueous 
extracts (Otsuka, 2005). The extracts were dried on a 
rotary evaporator and stored under refrigeration at 5 °C 
until they were used in the experiments described below.

2.3. Chemicals
Sodium carbonate, acetone, and methanol were obtained 

from Synth. Quercetin and 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) were obtained from Sigma Aldrich. Gallic acid 
was obtained from Vetec, Folin-Ciocalteu reagent from 
Haloquímica, and thin-layer chromatography (TLC) plates 
(normal or reverse phase) from Merck.
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2.4. Bioautography in thin layer chromatography
The presence of compounds with antioxidant activity 

in the crude extracts was determined, on a qualitative 
basis using the method of Chaaib (Chaaib et al., 2003) 
with modifications by Luo et al. (2009). The extracts were 
solubilized in acetone (1 mg.ml–1), deposited directly into a 
normal phase silica chromatography plates for hexane and 
ethyl acetate extracts or a reverse-phase chromatography 
plate for aqueous extracts, and then eluted with different 
solvents according to the polarity of the compounds evaluated. 
After elution, the plates were sprayed with a solution of 
DPPH (0.4 mg.ml–1); compounds with antioxidant activity 
were visualized as white bands on a purple background.

2.5. Antioxidant activity assay
Extracts containing antioxidants in the qualitative test 

were further assessed using the DPPH method described 
by Scherer and Godoy (2009), with modifications. Aliquots 
(0.05 ml) of the extracts solubilized in methanol at different 
concentrations were added to tubes containing 1.95 ml 
of a 0.08 mM methanolic solution of DPPH. The final 
concentration of DPPH in each tube after the addition 
of controls or extracts was 30.75 μl.ml–1. Two controls 
reactions were performed. The negative control contained 
pure methanol whereas the positive control contained the 
flavonoid quercetin. After incubation for 90 min in the 
dark at room temperature, the absorbance was measured 
at 517 nm. Each experiment was performed in triplicate 
and all solutions and controls were prepared daily.

The antioxidant activity was calculated according to 
the equation: I% = [(Abs0−Abs1)/Abs0] × 100, I% is the 
percent inhibition, Abs0 is the absorbance of the negative 
control, and Abs1 is the absorbance of the tested extract. 
The extracts were tested at several different concentrations. 
The IC50 (concentration at which there is 50% inhibition) 
was calculated graphically by linear regression of a plot of 
the antioxidant activities at several extracts concentrations. 
The antioxidant activity of each extract is expressed using 
the antioxidant activity index (AAI) as follows: AAI = final 
concentration of DPPH (µl.ml–1)/ IC50 (µg.ml–1).

Then, the extracts were classified using the antioxidant 
activity index established by Scherer and Godoy (2009). 
In this index, the extracts are classified as: weak (AAI < 0.5), 
moderate (AAI 0.5-1.0), strong (AAI 1.0-2.0), and very 
strong (> 2.0).

2.6. Total phenolics determination assay
The total phenolics content (TPC) was determined using 

the Folin-Ciocalteu technique (Singleton and Rossi, 1965), 
as adapted and optimized by George et al. (2005). Aliquots 
(2.5 ml) of Folin-Ciocalteu reagent solubilized in distilled 
water (1/10) were added to the previously solubilized 
extracts in methanol. The mixtures were incubated for 2 min 
at room temperature, and then 2 ml of sodium carbonate 
(75 g.l–1) were added to each of them. The reactions were 
incubated for 15 min at 50 °C in a water bath before being 
cooled in an ice-water bath. At this point, the absorbance 
was measured at 760 nm. A calibration curve was prepared 

with gallic acid (1-8 μg.ml–1) (see Figure 1). The TPC of 
the extracts was represented as milligrams of gallic acid 
equivalents per gram of dry extract (mg GAE/ g extract), 
according to the calibration curve where y = 0.1351, 
x = –0.0115 (r2 = 0.9927), where y denotes the absorbance 
at 760 nm and x denotes the concentration of gallic acid 
in mg.l–1 (Figure 1). Correlations between TPC and AAI 
values were calculated.

3. Results

The efficiency of the chemical extraction method used 
in this study varied between 0.46 and 10.69%; the extracts 
from young leaves showed the highest yields (see Table 1).

Bioautography on thin layer chromatography (TLC) 
plates showed that all extracts contained antioxidants. As a 
result, each of these extracts was examined for antioxidant 
activity by using the DPPH method and the TPC was 
determined for each of them.

Nine extracts displayed a very strong AAI and three 
showed a moderate AAI, according to the criteria established 
by Scherer and Godoy (2009) (see Table 1). The most 
significant values were found in the aqueous extracts of 
young leaves and bark and in the ethyl acetate extract of 
young leaves.

The TPCs ranged from 37.32 to 440.40 mg GAE/g 
of extract. The most pronounced values of TPC were 
found in the aqueous extracts of young leaves (440.40 mg 
GAE/g of extract) and bark (suber) (391.84 mg GAE/g of 
extract) and in the ethyl acetate extract of young leaves 
(389.24 mg GAE/g of extract). There was a high correlation 
(r2 = 0.7999) between the antioxidant activities and the 
TPCs of the extracts evaluated (see Figure 2).

4. Discussion

Phenolic compounds derived from vegetable products 
are recognized to have antioxidant activities that act as 
auxiliaries in the functioning of the endogenous immune 
system (Hakime-Silva et al., 2013) and the antioxidant 
potential of blood plasma (Vinson  et  al., 2005). Thus, 
consumption of high concentrations of these compounds 
leads to a reduced incidence of chronic and degenerative 
diseases (Shahidi, 1997).

Figure 1. Calibration curve with gallic acid.
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In a study by Frosi et al. (2012), an aqueous extract of 
leaves from B. salicifolius showed an antioxidant activity 
of 83.83% at a concentration of 20 μg.ml–1. Infusions of 
B. salicifolius leaves are used for therapeutic purposes 
(Ceron  et  al., 2007) in the treatment of diseases such 
as sinusitis, cystitis, urethritis, cough, bronchitis, high 
blood pressure, and rheumatism (Suyenaga et al., 2007; 
Romero  et  al., 2012; Piriz  et  al., 2013; Fuão, 2014). 
Extracts of plants of this species, are also recognized to 

have antibacterial, leishmanicidal, anti-inflammatory, and 
phytotoxic properties (Ceron et al., 2007; Siqueira et al., 
2011; Vivot et al., 2012; Habermann et al., 2015b).

The composition of the essential oils from the leaves of 
B. salicifolius is widely known to have high concentrations 
of α-eudesmol, γ-eudesmol, elemol, globulol, and α-pinene 
(Godinho et al., 2014). However, few polyphenols were 
isolated from this species. In the study by Siqueira et al. 
(2011), flavonoids such as quercitrin were isolated from 
leaf extracts of B. salicifolius, which may be related to 
antioxidant activity observed in the present study. As seen 
in Table 1, extracts of bark and stems showed high levels 
of phenolic compounds and antioxidant activity. These 
results demonstrate the importance of studies assessing 
these parameters in all plant structures.

The production of polyphenol depends on both 
environmental factors (light and water status of the plant) and 
endogenous factors (maturation stage). Thus, it is essential 
to specify the conditions under which the plant material was 
collected (Gobbo-Neto and Lopes, 2007). The relevance 
of this information can be observed in the different values 
of AAI and TPC observed for the extracts of young and 
mature leaves (see Table 1). Christofoletti and Pinheiro 
(2005) observed that the concentration of polyphenols from 
young, mature, and senescent leaves remains constant in 
Avicennia schaueriana (Acanthaceae), decreases with age 

Figure 2. Linear correlation between the total phenolic 
compounds (TPC: in mg of gallic acid equivalents/g dry 
extract) and antioxidant activity index (AAI) of extracts of 
the bark and stems as weel as the young and mature leaves 
from Blepharocalyx salicifolius.

Table 1. Antioxidant Activity Index (AAI) and total phenolic content (TPC) in extracts of bark (suber), stems, young leaves, 
and mature leaves from Blepharocalyx salicifolius. The pure compound quercetin was used as a control.

Extracts
r2

IC50
(µg.ml1) AAI ± DV Antioxidant 

activity

TCP ± DV
(mg GAE/g 
dry extract)

Extraction

I II III Yield (%)

Quercetin 0.9718 0.9987 0.9949 2.02 15.25 ± 0.48 Very strong -
Young leaves 
(Water) 0.9989 0.9989 0.9958 4.16 7.40 ± 0.06 Very strong 440.40 ± 2.47 10.69

Bark (Water) 0.9911 0.9970 0.9988 4.73 6.50 ± 0.04 Very strong 391.84 ± 4.90 0.49
Young leaves 
(Ethyl acetate) 0.9967 0.9997 0.9960 5.31 5.80 ± 0.04 Very strong 389.24 ± 19.99 5.88

Stem (Water) 0.9923 0.9941 0.9975 6.74 4.51 ± 0.10 Very strong 201.92 ± 8.52 2.65
Mature leaves 
(Water) 0.8983 0.9023 0.9577 7.74 3.98 ± 0.14 Very strong 276.61 ± 26.51 9.95

Mature leaves 
(Ethyl acetate) 0.9953 0.9733 0.9729 8.49 3.62 ± 0.08 Very strong 117.95 ± 19.29 5.79

Stem  
(Ethyl acetate) 0.9874 0.9482 0.9906 11.95 2.57 ± 0.04 Very strong 120.41 ± 1.86 0.64

Bark  
(Ethyl acetate) 0.9912 0.9548 0.9947 12.46 2.47 ± 0.15 Very strong 300.40 ± 2.72 0.84

Bark (Hexane) 0.8732 0.8218 0.8954 12.65 2.43 ± 0.24 Very strong 94.37 ± 4.56 0.83
Stem (Hexane) 0.9364 0.9766 0.9742 33.81 0.91 ± 0.02 Moderate 68.3 ± 1.32 0.46
Young leaves 
(Hexane) 0.9673 0.9438 0.9670 35.02 0.88 ± 0.01 Moderate 84.51 ± 4.62 4.09

Mature leaves 
(Hexane) 0.8928 0.9962 0.9899 53.40 0.58 ± 0.01 Moderate 37.32 ± 2.67 2.99

r2: coefficient of determination between the antioxidant activity and the concentration of the extract/quercetin solution in each 
repetition (I, II, and III). IC50: concentration displaying 50% inhibition. DV: standard deviation. Antioxidant activity: power 
antioxidant activity by Scherer and Godoy (2009). GAE: Gallic acid equivalent.
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in Laguncularia racemosa (Combretaceae), and increases 
with age in Rhizophora mangle (Rhizophoraceae). Therefore, 
it is not possible to establish a general correlation between 
the content of these compounds and the maturation stage. 
However, few studies distinguish the leaf maturation 
stage when evaluating the antioxidant activity and TPC 
(Barreto et al., 2008; Abdallah et al., 2012).

Different methodologies has been used to determine 
the antioxidant activity of plant extracts. In this context, 
the most widely used method is the radical scavenging 
capacity of DPPH. The result is based on color change 
(from purple to yellow), and then the absorbance variation. 
These alterations occurs when the electron of nitrogen in 
the DPPH molecule is reduced by receiving a hydrogen 
atom or electron from antioxidants (Ozcelik et al., 2003).

The results obtained by Donatini et al. (2009) using 
the DPPH method showed that an ethanolic extract of 
the leaf from Syzygium jambos (Myrtaceae) had an IC50 
of 5.68 mg.ml–1, a value below that of the three extracts 
with a higher AAI observed in the present study. Pure 
compounds such as rutin and ferulic acid, evaluated by 
Scherer and Godoy (2009) have AAIs of 5.12 and 6.77, 
respectively, which are below the values observed in this 
study for the aqueous extracts of young leaves and bark.

This study was the first report of the antioxidant activity 
of extracts from the stem and bark of the B. salicifolius. 
Furthermore, this study evaluated the differences between 
the activities of young and mature leaves, indicating the 
importance of the collection period. Such studies are 
useful in exploiting the natural resources of the Brazilian 
Savanna (Cerrado), thereby providing new justification 
for the environmental conservation of this vegetation type. 
This study shows the high phenol content and antioxidant 
activity of bark and stems as weel as the young and mature 
leaves from B. salicifolius. It was observed that the aqueous 
extracts of young leaves and bark have the highest AAI 
and TPC values.
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