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Abstract 
 
Recently there has been a growing interest in the discovery of antioxidant 
substances for use in food and medicinal products, as substitutes for synthetic 
antioxidant substances. Propolis has been the object of pharmacological studies 
due to its biological activity amongst antioxidant properties. In this work, the 
seasonal influence on antioxidant activity and total phenol content of red propolis 
ethanolic extracts was evaluated, as well as the established correlation between 
them, the antioxidant capacity being evaluated by different methods (DPPH, H2O2 
and total antioxidant activity). The results have demonstrated that the red propolis 
analyzed possesses antioxidant activity, as demonstrated by the methods used. 
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INTRODUCTION 
 
 Reactive oxygen species (ROS) are continuously formed in cells as a 
consequence of biochemical oxidative reactions or external factors (Russo et al., 
2002; Carvalho et al., 2009). These include free radicals, as the superoxide anion 
(O2

-) and the hydroxyl radical (-OH), and free non-radical species, as H2O2 and 
singlet oxygen (1O2) (Gülcin et al., 2005; Kumar et al., 2005; Ardestani & 
Yazdanparast, 2006; Borgo et al., 2010; Mosquera et al., (2009). Oxidative stress, 
induced by oxygen radicals promote damage to essential biomolecules such as 
carbohydrates, proteins, amino acids, lipids, nucleic acids among other oxidative 
substances (Nagai et al., 2001; Melo et al., 2006; Ardestani & Yazdanparast, 
2006; Sharififar et al., 2006), thus contributing to aging and installation of 
chronic-degeneration diseases, such as cancer, cardiovascular diseases, arthritis, 
gastric ulcer, among others (Melo et al., 2006; Siddhuraju, 2007; Stratil et al., 
2007; Kumaran & Karakumaran , 2007; Silva et al., 2009). 
 In living beings, the production of free radicals is controlled by diverse 
antioxidant molecules which could have endogenous origin, as for example, the 
antioxidative  enzymes  (superoxide dismutase, catalase, glutathione peroxide, 
among others) or they can be provided from food and other sources (for example, 
tocopherols, ascorbic acid, polyphenols, selenium and carotenoids) (Sousa et al., 
2007; Ardestani & Yazdanparast, 2006; Zhenbao et al., 2007;  Morais et al., 
2009). In a general way, antioxidants, the substances that are present in low 
concentrations, when compared with the oxidated substrate, significantly retard or 
inhibit the oxidization of the substrate (Sousa  et al., 2007). They can act through 
one or more mechanisms, such as, inhibition of free radicals and complexation of 
metals (Duarte-Almeida et al., 2006). Recently, there has been a growing interest 
in the discovery of natural antioxidants for use in food or medical products, in 
substitution for synthetic antioxidants, which are being restricted because many of 
them have carcinogenic potential(Kumaran & Karakumaran, 2007; Mosquera et 
al., (2009). Among the diverse classes of antioxidant substances of natural 
occurance, the phenolic composites have received a lot of attention in the last 
years (Siddhuraju, 2007; Stratil et al., 2006; Fonseca et al., 2009). Phenolic 
antioxidants function as sequesters of free radicals and sometimes as chelants of 
metals, acting as much in the initiating stage as in the propogation of the oxidation 
process (Soares, 2002; Duarte-Almeida et al., 2006).   
 Propolis is a complex mixture, formed by resinous and balsamic material 
collected by the bees from the foliage, flowers, pollen, buds and exudation of trees 
(Nunes et al., 2009); beside these, in the hive, the bees addition saliva secretions 
and enzymes (Pereira et al., 2002; Franco et al., 2000). Its composition is very 
varied and more than 300 constituents have already been identified (Cunha et al., 
2004; Silici & Kutluca, 2005), among them can be cited fatty acids and phenolics, 
flavonoids (flavones, flavonones, flavonols), terpenoids, steroids, alcohol and 
aromatic aldehydes, sesquiterpenoids, among others (Marucci et al., 2001). The 
proportion of these substances varies depending on the local and time of  
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collection (Da Silva et al., 2005). The propolis has been the object of 
pharmacological studies due to its antibacterial, antifungal (or antifungic), 
antiviral, anti-inflammatory, hepatoprotector, antioxidant, antitumoral, 
immunomodulatory properties, among others (Bankova, 2005; Kosalec et al., 
2005; Alencar et al., 2005). This biological potential is due to a synergism that 
occurs among the constituents (Marcucci, 1996). Various authors report that some 
of the biological properties, particularly the antioxidant activity, in ethanolic 
extracts of propolis, are due in part to their high content of flavonoids (Lustosa et 
al., 2008). Although studies on ethanolic extracts of propolis are more common, it 
is reported that the aqueous extract of propolis has a good antioxidant activity, 
associated to its high content of phenolic composites (Mani et al., 2006). There is 
a correlation between the high content of total flavonoids and the free antiradical 
activity in propolis extracts from Argentina (Ahn et al., 2007). Da Silva et al. 
(2006) suggest that the flavonoids play an important role in the antioxidant 
activity of Brazilian propolis extracts, but that other factors could be involved 
(Choi et al., 2006).  
 There are various comparative studies of antioxidant activity of propolis 
from different geographical origins, such as, Japan China, Brazil and the United 
States. However, there are few studies regarding the antioxidant activity of 
propolis with its chemical constituents (Kumazawa et al., 2004), as well as studies 
that report biological activities, among them the antioxidant of the red propolis. In 
parallel with the growing interest in antioxidants of natural origin, there is an 
increase in the use of methods for estimating the efficiency of substances as 
antioxidants (Molyneux, 2004). Diverse techniques have been used for 
determining the antioxidant activity in vitro (Duarte-Almeida et al., 2006), 
however in spite of the diversity of methods, there is no universal methodological 
procedure (Melo et al., 2006). The spectrometric quantification of phenolic 
composites is carried out by means of a variety of techniques, but the one that 
uses the Folin-Ciocalteau reagent is the most commonly used (Sousa et al., 2007; 
Stratil et al., 2006). This work had the objective of evaluating the influence of 
seasonality in the antioxidant activity and phenol content of ethanolic extracts of 
red propolis, as well as establishing the correlation between phenol content and 
the antioxidant capacity, such being evaluated by different methods. 
 
 
MATERIALS AND METHODS 
 
Plant material and extraction 
 
 Ethanolic extracts of red propolis (EEP) were prepared at 20% (m/v) from 
three bee farm samples, from the region of Goiana, P.E. Brazil, that were 
collected in the months of February, June and October of 2006. Maceration was 
carried out during 48 hours in hydroalcoholic solutions at 70%, 80% and 90%. 
Then, the extracts were filtered and conditioned in amber glass flasks. 
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Determination of total phenolic content  
 A standard curve was constructed, using tannic acid as reference 
substance. Aliquots of 2, 4, 6, 8, 10 and 12 mL of aqueous solution of tannic acid 
at 100 µg/mL were transferred to volumetric balloons of 100 mL and 5 mL of 
Folin-Ciocalteau were added. After two minutes, 10 mL of 15% sodium carbonate 
were added and the volume completed with distilled water. The solutions were 
left to rest for 30 minutes and were read at 760 nm. The samples were prepared 
using 5 mL of the hydroalcoholic extracts of propolis at 2 mg/mL (with reference 
to the months of February, June and October of 2006). The white of the system 
was prepared in the same way, without the sample aliquot.  
 
Antioxidant activity 
Qualitative analysis 
 The propolis extracts (hydroalcoholic at 20% m/v) were analyzed by Thin 
Layer Chromatography (TLC), using rutin as positive standard.  The plates were 
eluted in AcOEt-HCOOH-H2O (100: 0.2: 0.2 v/v) and AcOEt-HCOOH-H2O 
(100: 0.3: 0.3 v/v) (Wagner & Bladt, 1996) and after drying, were nebulized with 
an 0.4 mM solution of the DPPH radical in MeOH. The plates were observed until 
the appearance of yellow blotches over background of purple color, that indicates 
possible antioxidant activity (Soler-Rivas et al., 2000). 

 
DPPH ( 1.1-Diphenyl-2-Picrylhydrazyl ) free radical scavenging assay 
 A stock solution of DPPH in methanol at a concentration of 0.4 mM was 
prepared. From this, dilutions of 0.2, 0.1, 0.05, 0.025 and 0.0125 mM were made. 
The calibration curve was constructed from the absorbance values at 517 nm of all 
the solutions. Aliquots (0.6 mL) of methanolic solutions of propolis were prepared 
from the hydroalcoholic extracts at 90%, with total propolis concentrations of 25, 
50 and 100 µg/mL, and put into different test tubes. Next, 5.4 mL of DPPH 
solution in methanol (0.05 mM) were added and after agitation, the tubes were left 
to rest in sheltered light. Absorbance at 517 nm was determined after 15, 30, 45 
and 60 minutes, and the percentage inhibition activity was calculated from [(AO-
A1) AO]-100, where AO is the absorbance of the control, and A1 is the absorbance 
of the extract/standard. The same procedure was carried out employing 
methanolic solutions of standard rutin, at concentrations of 12.5, 25.0, 50.0, 100 
and 200.0 µg/mL, for the construction of a standard curve (Melo et al., 2006). 
 
Determination of total antioxidant capacity 
 The antioxidant activity of the extracts was evaluated by the 
phosphomolybdenum method according to the procedure of Prieto et al. (1999). 
The assay is based on the reduction of Mo (VI)- Mo (V) by the extract and 
subsequent formation of a green phosphate/ Mo (V) complex at pH, 0.6 mL 
methanolic extract (25, 50 and 100 µg/mL) was combined with 6 mL of reagent 
solution (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium 
molybdate). The tubes containing the reaction solution were incubated at 95 ºC for 
90 minutes. Then the absorbance of the solution was measured at 695 nm using a  
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spectrophotometer (Shimadzu, UV-150-02) against blank after cooling to room 
temperature. Methanol (0.3 mL) in place of extract is used as the blank. The 
antioxidant activity is expressed as the number of equivalents of rutin (Kumaran 
et al., 2007). The percentage inhibition activity was calculated from [(AO-A1)/A2-
A1] x 100, where AO is the absorbance of the control, A1 is the absorbance of the 
extract and A2 the absorbance of the standard.  
 
Hydrogen peroxide scavenging activity 
 A solution of hydrogen peroxide (4 mM) was prepared in phosphate buffer 
(pH 7.4). Hydrogen peroxide concentration was determined 
spectrophotometrically from absorption at 230 nm with molar absorbtivity  81 
(mol/L) -1 cm -1 (Yen & Chen, 1995). Methanolic extracts from propolis (25, 50 
and 100 µg/mL) were added to hydrogen peroxide solution (0.6 mL). Absorbance 
of hydrogen peroxide at 230 nm was determined afler 10 min against a blank 
solution containing phosphate buffer without hydrogen peroxide. For each 
concentration, a separate blank sample was used for background subtraction. The 
percentage inhibition activity was calculated from [(AO-A1(/AO] x 100, where Ao 
is the absorbance of the extract/standard.  
 
Statistical analysis  
 The experiments were carried out in triplicate. The results are presented as 
mean + or - standard deviation (S D).The t test, the variance analysis (ANOVA) 
and the Tukey test were used for the statistical analysis. Values of p ≤ 0.05 were 
considered, as significant indicators. 
 
 
 
RESULTS AND DISCUSSION 
 
Determination of the total phenols 
 
 The index of total phenols was determined by the Folin & Ciocalteau 
(1927) method. The reagent consists of a mixture of phosphomolybdic and 
phosphotungstic acids, in which the molybdenum and the tungsten are found in a 
state of 6+ oxidation, however, in the presence of certain reducing agents, such as 
phenolic composites, they form the so called molybdenum and blue tungsten, in 
which the average state of oxidation of the metals is between 5 and 6, and whose 
coloring permits the determination of substances at 765 nm (Kuskoski et al., 2006; 
Sousa et al., 2007). 
 The total phenol content as well as the variation among the samples 
analyzed, are found in Table 1. It is observed that the phenol index was higher for 
ethanolic extracts at 90%. In what is referred to as seasonality of the samples 
analyzed, the phenolic content increased in the following order: February < June < 
October.  
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Qualitative analysis 
 The preliminary qualitative evaluation of the extracts by TLC, showed the 
methanolic solution at 0.4 mM of DPPH, revealed the existence of substances 
with antioxidant activity, shown by the presence of white-yellow stains over 
purple background, resulting from reduction of DPPH radical. However, for the 
ethanol extracts at 90%, the existence of substances with antioxidant activity 
became more evident. Because of this, and also taking into account the total 
phenol content, these extracts were chosen to give continuity to the study. 

 
Method of DPPH free radical 
 Among the chemical methods applied for determining the antioxidant 
capacity of a composite for capturing free radicals, the DPPH method (1.1,-
Diphenil-2-picrilhydrazil) is one of the most used, for being considered practical, 
rapid and stable (Kuskoski et al., 2006). The calibration curve equation of DPPH 
was A=10.489C + 0.0053, where A is the absorbance in the wave length of 517 
nm and C corresponds to the concentration of DPPH and the coefficient of 
correlation R2=0.9999.  
 The samples tested were obtained from hydroalcoholic extracts at 90%, 
since they were the ones that presented the highest content of total phenols, 
proceding in the same way for the other tests. 
 The DPPH radical sequester capacity, expressed in % of inhibition shown 
by extracts and rutin standard, in concentrations of 25, 50 and 100 µg/mL and at 
an interval of time between 0-60 minutes, is found in Table 2. 
 All the propolis samples presented sequester activity of the DPPH radical 
and this activity increased while the sample concentration increased, in 
accordance with what can be seen in Figures 1, 2 and 3. Besides this the propolis 
sample regarding the month of October, 2006, which presented the highest phenol 
content, also demonstrated a higher sequester activity of the DPPH radical. 
 
 According to some authors, the measured reaction time between the 
radical and the sample of 30 minutes is sufficient, although other authors have 
determined 20 minutes (Kuskoski et al., 2006). Reaction intervals of 15, 30, 45 
and 60 were evaluated. However, the statistical analysis reveals that there are no 
significant differences between the determinations carried out at the different 
intervals of time for a same sample concentration.  
 
Determination of total antioxidant capacity 
 The phosphomolybdate method is based on the reduction of Mo (VI) to 
Mo (V), by antioxidant composite, and formation of green phosphate/ Mo (V) 
complex, which has maximum absorbance at 695 nm (Kumaran et al., 2007). The 
total antioxidant activity of the methanolic solutions of propolis at 25, 50 and 100 
µg/mL is shown in Table 3. The results are expressed in antioxidant activity 
relative to rutin (AAR%) standard. The study showed that the antioxidant activity 
is higher for propolis when referring to the month of October, 2006 (3rd  
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collection) and that its increase occurs concomitantly with increase of 
concentration in samples. 
 
 
Hydrogen peroxide method  
 The capacity for inhibiting the oxidative effect of the H2O2 also showed as 
being higher with the increase in concentration of the propolis extracts (Table 4). 
In this method, the propolis regarding the month of October, 2006, also presented 
higher antioxidant activity. In spite of the antioxidant activity having been more 
numerically elevated in this method, such result cannot be compared with the 
others, since there is no universal methodological procedure for evaluating 
antioxidant capacity, because each of them evaluates a different mechanism of 
action.  
 
 
Conclusion 
 The results show that total phenol content varies with seasonality and 
concentration of  hydroalcoholic solution used in the extraction, being higher for 
hydroalcoholic extracts at 90% and for propolis regarding the month of  October, 
2006. This same sample showed  higher antioxidant capacity in all the methods 
used, when taking the correlation between the antioxidant activity, the total 
phenol content and the seasonality.  
 Therefore, it can be concluded that the red propolis analyzed has 
antioxidant activity, as proved by different methods, and that such activity can be 
related to its content of phenolic composites, as well as its period of collection. 
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TABLES  AND  FIGURES 
 
 
 
Table 1: Total content of phenols of propolis samples collected in the months of 

February, June and October 2006. 

 

Samples Ethanolic Extract 
*Total Phenols 

(%)±DP 

Februar /06 

70% 7,116 ± 0,053 

80% 7,613 ± 0,042 

90% 8,440 ± 0,034 

June /06 

70% 9,095 ± 0,053 

80% 8,039 ± 0,069 

90% 9,315 ± 0,099 

October/06 

70% 13,334 ± 0,077 

80% 13,617 ± 0,117 

90% 13,476 ± 0,113 

     *Average ± SD, n = 3 
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Table 2: Sequester capacity of DPPH radical (% of inhibition). 

 

Samples 
15 min 30 min 45 min 60 min 

[ ] de 25 µg/mL* 

Rutin 37,48a±0,50 39,74a±0,78 41,62a±0,91 43,29a±1,15 

Propolis October/06 30,50b±1,02 31,48b±0,94 33,31b±2,51 33,71b±2,52 

Propolis June/06 27,36c±1,08 25,86bc±1,44 29,24b±2,49 29,58b±2,29 

Propolis Februar/06 20,86d±0,46 22,20c±1,48 22,96c±1,28 22,74c±1,82 

 [ ] de 50 µg/mL* 

Rutin 58,99a±0,98 62,75a±2,01 65,26a±0,95 66,94a±1,65 

Propolis October /06 38,73b±1,66 39,50b±0,70 41,66b±2,65 41,60b±1,09 

Propolis June /06 31,97b±0,89 34,51c±1,69 35,31c±1,80 35,30c±0,57 

Propolis Februar /06 27,41d±1,02 28,17d±1,29 29,15d±2,16 29,22d±1,79 

 [ ] de 100 µg/mL* 

Rutin 81,80a±1,03 84,07a±1,52 84,31a±1,22 84,52a±1,33 

Propolis October /06 46,76b±2,62 49,24b±2,99 49,24b±3,14 52,67b±3,13 

Propolis June /06 42,22b±0,77 43,96b±0,26 43,96b±0,48 46,46bc±1,07 

Propolis Februar /06 41,50b±3,70 43,45b±3,46 43,45b±3,54 45,68c±3,58 

 

Average ± SD equal letters in the same column and in a same concentration, 

indicate that, at a 5% level there is no significant statistical difference between 

the respective averages by the Tukey test. 
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Figura 1. Percentage of DPPH radical 
inhibition by the ethanol extract of propolis 
regarding the month of February, 2006 in 
function of time. 

Figura 2. Percentage of DPPH radical 
inhibition by the ethanol extract of propolis 
regarding the month of June, 2006 in 
function of time. 
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Table 3: Total antioxidant activity of the methanolic extracts of propolis in rutin 

AAR%.  

 

Samples AAR% rutin ± DP* 

Propolis Februar/06  

25 µg/mL 19,27±3,36 

50 µg/mL 27,72±2,37 

100 µg/mL 39,72±2,16 

Propolis June/06  

25 µg/mL 28,44±3,64 

50 µg/mL 32,78±1,79 

100 µg/mL 40,83±2,63 

Propolis October/06  

25 µg/mL 38,34±4,58 

50 µg/mL 44,36±2,13 

100 µg/mL 55,41±2,83 

   *Average ± SD, n=3  

Figura 3. Percentage of DPPH radical 
inhibition by the ethanol extract of propolis 
regarding the month of October, 2006 in 
function of time. 
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Table 4: Antioxidant activity by hydrogen peroxide method. 

Samples Antioxidant activity (%) ± DP* 

Propolis Februar/06  

25 µg/mL 53,12±2,19 

50 µg/mL 56,23±1,57 

100 µg/mL 59,81±1,82 

Propolis June/06  

25 µg/mL 64,48±1,96 

50 µg/mL 67,58±1,80 

100 µg/mL 69,52±1,16 

Propolis October/06  

25 µg/mL 71,41±1,26 

50 µg/mL 74,65±1,75 

100 µg/mL 75,50±1,15 

   *Average ± SD, n=3  

Each value is expressed as mean + standard deviation (n = 3). 
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