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ABSTRACT

The term ‘propolis’ was used in Ancient Greece meaning: pro (for, in front of, e.g., at the entrance to)
and polis (city or community); a substance that is for or in defence of the city or hive. Propolis is a resinous
substance collected by honeybees from leaf buds and exudates from various plant sources, which is employed
for construction and repair of the honeycomb. More than 180 compounds have been reported as being
constituents of propolis: polyphenols (flavonoids, phenolic acids and their esters), terpenoids, steroids, and
amino acids. Nevertheless, its composition varies qualitatively and quantitatively with the geographical and
botanical origins. Propolis possesses antimicrobial, antiinflammatory, antiulcer, hepatoprotective, antitumor,
immunostimulating and antioxidant activities, among others. These activities are particularly dependent on the
chemical composition of propolis. In the present work the antioxidant activities, measured by several methods,
in hydro-alcoholic extracts of propolis collected at different zones of Algarve, during winter and spring, were
evaluated. Phenolic content was evaluated along with the capacity of extracts of propolis for scavenging DPPH
and ABTS free radicals as well as superoxide anion. The zones were spread by 3 areas in central Algarve:
Serra do Algarve (Califórnia, Cabaça, Sarnadinha, Sobreira and Vila Chã Vermelhos); Barrocal (Ameijoafra,
Arrodeios and Pé da Serra), and the third region was an intermediate zone between those two regions, that we
called as Transition (Rio Seco, Bicão Alto, Jordana, Lavajo and Madeira). Independent on the collection time
generally Ameijoafra, Arrodeios and Pé da Serra, all of them belonging to the Barrocal region, presented the
highest amount of phenols. Concerning the antioxidant activity, namely the capacity for scavenging DPPH
radicals, the extracts obtained from Ameijoafra, Pé da Serra and Arrodeios (Maqui) in both collection times,
and Vila Chã Vermelhos (Mountain), only in spring, was the most active. A practically similar pattern was
observed when the activity was measured through the ABTS radical scavenging. These results were coincident
with the highest amounts of phenols present in the extracts. Only the samples from Barrocal were significant
better inhibitors of superoxide anion radicals’ formation than the remaining samples.
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Introduction

Propolis is a resinous material collected by bees

from bud and exudates of the plants, which is
transformed in the presence of bee enzymes. The
colour of this product varies from green, red to dark



346Adv. Environ. Biol., 5(2): 345-350, 2011

brown depending on its source and age. This product
presents adhesive properties because it strongly
interacts with the oils and proteins of the skin[1,2].
Propolis, a chemically complex bee product, has
gained popularity in alternative medicine, and it has
been also used in food and beverages to improve and
prevent diseases[3,4]. It has also been used in
cosmetic[5].

Generally, propolis is composed of 30% wax,
50% resin and vegetable balsam, 10% essential oil,
5% pollen, among other substances[1]. Polyphenols
(50%) can be found in the resinous part of raw
propolis. The plant origin of propolis determines their
chemical diversity and contents. Therefore, the
chemical composition of propolis, mainly the
phenolic fraction, depends on the specificity of the
local flora at the site of the collection and thus on
the geographic and climatic characteristics of this
site[3].

Being the chemical composition complex,
propolis is able to exert numerous pharmacological
activities such as antioxidant, antibacterial, anticancer,
antifungal, anti-inflammatory, immunomodulatory and
antiviral activities[2,6-8]. Nevertheless the great
majority of biological activities lie on the
antimicrobial and free radical scavenging activities[9].
The components presenting biological activity are
generally extracted from propolis with different
solvents being the most commons ethanol, in
different concentrations, methanol and water[10].
Nevertheless extraction with ethanol seems to be
particularly suitable for obtaining propolis rich in
ployphenols, mainly at 70%[11].

Only recently, propolis from Portuguese origin
was subject of study[12,13]. The first authors
reported total phenols and antioxidant properties of
samples collected in Northeast and Centre of
Portugal, and the last, our group, a first approach in
South of Portugal.

In the present work the antioxidant activities,
measured by several methods, in hydro-alcoholic
extracts of propolis collected at different zones of
Algarve, during winter and spring, were evaluated.

Material and Methods

Propolis:

Several samples collected in three different areas
in Central Algarve: Serra do Algarve, Transition and
Barrocal, at two collection times (winter and spring)
were analysed.
- From Serra do Algarve were analysed samples

of propolis collected in 5 different zones:
Califórnia (Cal), B. Cabaça (Cab), Sarnadinha
(Sar), Sobreira (Sob), Vila Chã Vermelhos
(VCV);

- From transition were analysed samples of

propolis collected in the zones Rio Seco (Ris),
Bicão Alto (Bia), Jordana (Jor), Lavajo (Lav),
Madeira (Mad);

- From Barrocal were analysed samples of
propolis collected in the zones Ameijoafra
(Ame), Arrodeios (Arr), Pé da Serra (Pes).

Analysis

Hydro-alcoholic extract:

Propolis (1.0 g) was chopped into small pieces
and extracted with 30 ml 70% ethanol and left for 96
h at 37ºC, under agitation (200 rpm) and then filtered
and evaporated until a constant volume.

Total phenolic content:

Total phenolic content was determined according
to the Folin-Ciocalteu colorimetric method[14].
Pnocembrin was used as standard for calibration
curve. The sample (0.5 ml) and 2 ml of sodium
carbonate (75 g/l) were added to 2.5 ml of 10%
(w/v) Folin-Ciocalteu reagent. After 30 min of
reaction at room temperature, the absorbance was
measured at 765 nm.

ABTS+ free radical-scavenging activity:

The determination of ABTS·+ radical scavenging
was carried out as reported by Dorman and
Hiltunen[15]. Briefly, the ABTS·+ radical was
generated by the reaction of (7 mM) ABTS aqueous
solution with K2S2O8 (2.45 mM) in the dark for 16
h and adjusting the Abs734 nm to 0.7 at room
temperature. Samples (10 ml) were added to 1490 ml
ABTS·+, the absorbance at 734 nm was read at time
0 (A0) and after 6 min (A1). Several concentrations
were made and the percentage inhibition [(A0-
A1/A0)*100] was plotted against phenol content and
IC50 was determined (concentration of total phenol
able to scavenger 50% of ABTS+ free radical).

DPPH· free radical-scavenging activity:

Fifty microlitres of various concentrations of
propolis samples were added to 2 ml of 60 mM
methanolic solution of DPPH. Absorbance
measurements were read at 517 nm, after 20 min of
incubation time at room temperature (A1). Absorption
of a blank sample containing the same amount of
methanol and DPPH solution acted as the negative
control (A0). The percentage inhibition [(A0-
A1/A0)*100] was plotted against phenol content and
IC50 was determined (concentration of total phenol
able to scavenger 50% of DPPH free radical).

Inhibition of superoxide anion radical formation:
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The inhibition of superoxide anion radical
formation was evaluated as previously reported by
Nagai et al.[16]. Briefly, the mixture contained 1.2
ml of 0.05 M sodium carbonate buffer (pH 10.5), 0.1
ml of 3 mM xanthine, 0.1 ml of 3 mM
ethylenediaminetetraacetic acid disodium salt
(EDTA), 0.1 ml of 0.75 mM nitroblue tetrazolium
(NBT) and 0.1 ml of propolis sample. The mixture
was left at 25ºC for 10 min, then the reaction was
started by adding 6 mU xanthine oxidase (XOD) and
carried out at 25ºC for 20 min. After this time, the
reaction was stopped by adding 0.1 ml of 6 mM
CuCl2. The absorbance of the reaction mixture was
measured at 560 nm. The amount of the formazan
that was reduced from NBT by superoxide was
measured and the inhibition rate determined. The
IC50, defined as the amount of phenols able to inhibit
50% of superoxide anion radicals’ formation, was
calculated by plotting in a graphic the inhibition ratio
against the content of total phenols.

Chelating metal ions:

The degree of chelating of ferrous ions by
propolis was evaluated by the method described by
Wang et al. [17]. Samples were incubated with 0.05
ml of FeCl2.4H2O (2 mM). The reaction was initiated
by adding 5 mM ferrozine (0.2 ml), then after 10
min, the absorbance at 562 nm was measured. An
untreated sample served as the control. The
percentage of chelating ability was determined
according to the following formula: (A0-A1)/A0*100,
in which A0 is the absorbance of the control and A1

the absorbance of propolis sample.

Statistical analysis:

Statistical analysis was performed with the SPSS
16.0 software (SPSS Inc.). Two-way ANOVA and
Duncan’s Multiple-Range Test (P<0.05) for
comparisons among areas and zones through time
was performed. In each zone and for each station of
the year were taken six samples that served as
replications.

Results and Discussion

Table 1 represents the phenol content found in
the diverse hydro-alcoholic extracts of propolis
collected in different zones of Algarve. The phenol
concentrations ranged from 3.41 mg/ml, in propolis
from B. Cabaça collected in winter, to 10.16 mg/ml,
in propolis from Arrodeios collected in spring. There
were at least three places in both harvesting periods
where the concentrations of phenols were
significantly superior when compared to the
remaining zones: Ameijoafra (8.46 and 9.24 mg/ml),
Arrodeios (9.27 and 10.16 mg/ml), and Pé da Serra

(8.08 and 10.15 mg/ml), in winter and spring,
respectively. In this case, spring was the best season
for collecting propolis, because higher amounts of
polyphenols could be found. Generally, seasonal
variations in propolis composition occur, particularly
in quantitative terms. Such results already reported
by some authors reveals that bees collect material for
propolis from the same plant group, mainly in
summer, including late spring and early
autumn[2,18].

The phenol content in propolis samples collected
in the northeast and Centre of Portugal were
significantly different[12]. The distance between these
two places (Rebordãos in the northeast and Fundão
in the Centre of Portugal) is superior to 100 Km. In
our case, samples of propolis collected in different
places are quantitatively different even for distances
inferior to 30 Km. Therefore, great distance was not,
therefore, an attribute necessary for presenting
significant differences in the phenol content.

The antioxidant activities were evaluated in the
hydro-alcoholic extracts of propolis collected in
winter and spring, measured through several methods.
The results are presented in Table 2. The results of
ABTS and DPPH methods as well as of that of
superoxide anion radical scavenging were expressed
in IC50 (mg/ml) that means the concentration of
extract able to scavenger 50% of the free radicals
(ABTS, DPPH or superoxide). However the chelating
activity was expressed as percentage, since some
samples did not possess enough activity to attain
50% of chelating activity.

Antioxidant is a broad term since includes those
substances that in small amounts are capable of
preventing or delaying the oxidation of easily
oxidizable materials. Therefore a substance that is
capable of inhibiting a specific oxidizing enzyme, or
a substance that reacts with oxidizing agents prior to
them causing damages to other molecules, or a
substance that sequesters metal ions, or even a
substance capable of repairing systems such as iron-
transporting proteins can be defined as being an
antioxidant[19]. In the present work, two methods
were used for determining the capacity of propolis
samples for scavenging free radicals (DPPH and
ABTS), that is, oxidizing agents; one method for
inhibiting xanthine oxidase that catalizes the
oxidation of hypoxanthine and xanthine to uric acid
yielded superoxide radical and raised the oxidation
level in the organism[20]. Therefore samples being
able to prevent the formation of superoxide anion
radicals can prevent oxidation and consequently the
damage of living tissues; and one method that allows
evaluate the capacity of samples for chelating metal
ions. Transition metal ions serve as catalysts in
Fenton reactions and therefore one important
mechanism of antioxidant action may be the
chelation of metal ions.
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The results of antioxidant activities of propolis
samples collected in winter- and springtime are
presented in Tables 2 and 3, respectively. In winter,
the capacity for scavenging the free radical ABTS
was significantly better in samples from Ameijoafra
(IC50=0.010 mg/ml) and Arrodeios (IC50=0.010
mg/ml) than in the remaining samples. Regarding the
capacity for scavenging DPPH free radicals, more
two samples were also good scavengers: those from
Pé da Serra (IC50=0.010 mg/ml) and Sobreira
(IC50=0.015 mg/ml). The values of IC50 found for
samples from Ameijoafra and Arrodeios were 0.009
and 0.008 mg/ml, respectively. Generally, phenols
possess great capacity for scavenging free radicals
since after donating an electron to the radical,
stabilizing it, they become also relatively stable by
resonance, which prevents the continuation of the
free radical chain reaction[21]. This may explain
partly the highest activity of Ameijoafra, Arrodeios
and Pé da Serra, because they presented the highest
amounts of phenols, and consequently as higher the
phenol concentration as better activity. Nevertheless
the chemical structure of the phenols is another
aspect very important on the antioxidant activity.
Typical phenol compounds presenting antioxidant
activity include phenolic acids and flavonoids and
within each group, the diversity of chemical
structures is huge with the consequent diversity of
activities. None enlightenment about the chemical
structure of the phenols is given in the present work,
only the quantification of phenols was performed;
therefore the chemical structure of the phenols of
Sobreira may be act much better as antioxidant than
the phenols of Ameijoafra, Arrodeios and Pé da
Serra, despite the highest concentration in total
phenols in these samples.

In winter, the lowest superoxide amount present
in the reaction was found when proplis samples from
Ameijoafra, Arrodeios and Pé da Serra were assayed.
Such result is coincident with the highest amounts of
phenols present in these samples. This low
concentration of superoxide anion radical is
coincident with the highest concentration of total
phenols (Table 1) present in these samples. Therefore
these samples could be considered good scavengers
of superoxide anion radical. Nevertheless, flavonoids
belongs to the polyphenols group and some authors
have reported that propolis from temperate zones are
generally rich in flavonoids and esters of caffeic and
ferulic acids[22]. The quantification of flavonoids
was not performed in the present work, but
considering that in these samples of propolis, a
relative high amount of flavonoids can be present,
the lowest superoxide levels found in those samples
may be attributed to the inhibition of xanthine
oxidase. Flavonoids are competitive inhibitors of
xanthine oxidase, binding to the reactive site[20].
With the inhibition of this enzyme, the oxidation of

xanthine to uric acid yielded superoxide radical does
not occur, preventing therefore oxidation.

Chelating activity was better in samples from B.
Cabaça, Sobreira, Rio Seco and Jordana, which are
not coincident with the highest phenol concentration.
Therefore the chemical structure of these compounds
reveals to be of high importance. Generally, phenols
with two adjacent hydroxyl groups can bind
transition metal ions, like iron and copper, possessing
therefore chelating activity[23 and references therein].
Despite the lower concentration of phenols, the
presence of compounds with those characteristics and
their concentrations may be more important than in
the samples from Ameijoafra, Arrodeios and Pé da
Serra, which possess the highest total phenols.

Concerning springertime, the capacity for
scavenging ABTS and DPPH were better in samples
gathered in Vila Chã Vermelhos, Ameijoafra,
Arrodeios and Pé da Serra. Such activities were
coincident with the highest amounts of phenols. In
fact, from winter to spring the levels of phenols
increased, which may partly explained by the more
intense collection of propolis during spring by bees,
as already suggested by some authors[2,18].
Nevertheless and excepting the sample from Vila Chã
Vermelhos, higher amount of total phenols did not
correspond to higher scavenging of the free radicals
ABTS and DHHP (Tables 2 and 3). Concerning the
superoxide anion, only Pé da Serra possessed
significant better activity in comparison with the
remaining samples. Once again the highest levels of
phenols in this sample did not induce better activity.
Propolis from B. Cabaça revealed to be the most
effective as chelating agent (Table 3). A significant
increase of the inhibition percentage was observed
from winter (49%) to spring (64%) in this sample,
not so pronounced in the samples collected in
Sobreira, Rio Seco and Jordana.

In conclusion, the amounts of total phenols and
antioxidant activities depended on the collection site
as well as on the harvesting season. The most
interesting is the different antioxidant capacities
found according to the method used. For example,
samples from Ameijoafra, Arrodeios and Pé da Serra
were good scavengers of DPPH and ABTS but not
so good as chelating agents. In this case, Sobreira,
Rio Seco, Jordana and Cabaça revealed to be more
effective. The chemical composition of total phenols
not determined in the present work is of great
importance to explain such results. However, it is
expectable that a mixture of samples with good free
radical scavengers with those with good chelating
activity may induce a synergistic effect. Or more
interestingly is the possibility of the utilization of
each one for different objectives.
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Table 1: Concentration (mg/ml) of total phenols in hydro-alcoholic extracts of propolis gathered in different zones of Algarve, Portugal,
in winter and spring

Phenol concentration (mg/ml)
--------------------------------------------------------------------------------------------

Zones Winter Spring
Califórnia 4.18cde 4.85b
B. Cabaça 3.41e 4.39b
Sarnadinha 4.20cde 5.24b
Sobreira 3.80de 5.17b
Vila Chã Vermelhos 4.03cde 10.13a
Rio Seco 4.42cde 4.46b
Bicão Alto 4.27cde 4.42b
Jordana 4.51cde 4.80b
Lavajo 4.77cd 4.84b
Madeira 5.24c 4.33b
Ameijoafra 8.46ab 9.24a
Arrodeios 9.27a 10.16a
Pé da Serra 8.08b 10.15a
Values in the same column followed by the same letter are not significantly different by Duncan’s multiple range test (P<0.05). Data are
the mean of six replicates±standard errors.

Table 2: Antioxidant activities of propolis samples collected in wintertime
Antioxidant activities (IC50, mg/ml) % inhibition
-------------------------------------------------------- ------------------------------------------------------------

Zones ABTS DPPH Superoxide Chelating
Califórnia 0.021bc 0.028de 0.044ab 43.30abc
B. Cabaça 0.017cde 0.025e 0.032cd 49.87a
Sarnadinha 0.023bc 0.039b 0.041abc 41.84abcd
Sobreira 0.016cde 0.015f 0.027d 50.36a
Vila Chã Vermelhos 0.018cd 0.028de 0.030cd 30.33efg
Rio Seco 0.022bc 0.035bcd 0.051a 50.35a
Bicão Alto 0.025b 0.037bc 0.050a 44.09ab
Jordana 0.021bc 0.029cde 0.035bcd 47.34a
Lavajo 0.023bc 0.039b 0.048a 33.63def
Madeira 0.038a 0.054a 0.050a 25.89fg
Ameijoafra 0.010e 0.009f 0.014e 35.19cde
Arrodeios 0.010e 0.008f 0.013e 37.76bcde
Pé da Serra 0.012de 0.010f 0.014e 23.91g
Values in the same column followed by the same letter are not significantly different by Duncan’s multiple range test (P<0.05). Data are
the mean of six replicates±standard errors.

Table 3: Antioxidant activities of propolis samples collected in springtime
Antioxidant activities (IC50, mg/ml) % inhibition
------------------------------------------------------- ------------------------------------------------------------

Zones ABTS DPPH Superoxide Chelating
Califórnia 0.017bcde 0.030cd 0.036bcd 57.88ab
B. Cabaça 0.029a 0.046ab 0.042ab 64.52a
Sarnadinha 0.022b 0.031cd 0.041abc 50.21b
Sobreira 0.015cde 0.028d 0.031bcd 54.27b
Vila Chã Vermelhos 0.008f 0.010e 0.031bcd 41.94c
Rio Seco 0.019bcd 0.026d 0.053a 54.62b
Bicão Alto 0.021bc 0.048ab 0.038abcd 54.25b
Jordana 0.023b 0.041bc 0.033bcd 55.07b
Lavajo 0.022b 0.031cd 0.037bcd 53.12b
Madeira 0.032a 0.054a 0.031bcd 51.11b
Ameijoafra 0.012ef 0.012e 0.022d 41.64c
Arrodeios 0.013def 0.013e 0.024cd 34.01cd
Pé da Serra 0.012ef 0.011e 0.023d 32.53d
Values in the same column followed by the same letter are not significantly different by Duncan’s multiple range test (P<0.05). Data are
the mean of six replicates±standard errors.
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