
In: Beneficial Effects of Propolis on Human Health ... ISBN: 978-1- 62081-440-6 

Editors: Tahira Farooqui and Akhlaq A. Farooqui © 2013 Nova Science Publishers, Inc. 

 

 

 

 

 

 

Chapter 3 

 

 

 

SEASONAL VARIATION IN THE COMPOSITION 

AND THE ANTIMICROBIAL 

AND ANTIOXIDANT ACTIVITIES OF PROPOLIS 
 

 

Eduardo Morgado Schmidt
1
 

and Alexandra Christine Helena Frankland Sawaya
2,

 
1
Thomson Mass Spectrometry Laboratory, Institute of Chemistry 

2
Plant Biology Department, Institute of Biology, State University 

of Campinas, UNICAMP, Campinas, Brazil 

 

 

ABSTRACT 
 

Propolis is a resin collected by bees from many parts of plants, such as leaf and 

flower buds, bark and resinous tree exudates. It is used by worker bees to protect the hive 

against insects and microorganisms as well as to seal cracks and reinforce the combs. A 

thin layer is applied to the hive entrance and in the combs before the queen lays eggs, to 

maintain these areas aseptic. However the amounts of resins collected and of propolis 

used in these activities can vary with the seasons. Propolis has been used by mankind for 

its many therapeutic properties since ancient times. Over 300 compounds have been 

identified in samples of propolis from different origins. Several pharmacological 

properties of propolis have been attributed to phenolic compounds (phenylpropanoids and 

flavonoids) and the concentration of these compounds in propolis is often used to 

evaluate sample quality. More recently, the possibility of using propolis for its 

antioxidant properties has come under study, as the phenolic compounds in its 

composition are known for their antioxidant activity. Propolis can also be used to 

evaluate the environmental pollution in a region or along the year, by assessing the metal 

contents in the resins that make up its compositions. These metals may be vital, non-

essential or toxic to humans. 

One of the main problems towards the standardization of propolis is its variable 

chemical composition and this is possibly the main obstacle to its routine use in therapy. 

Propolis composition varies according to the regional flora, place and time of collection, 

type of collector employed and genetic characteristics (species of bee). This set of factors 
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determines the composition of the propolis sample as well as its physical, chemical and 

biological properties. However, it has been observed that a reduction in the concentration 

of some biologically active compounds in one season is frequently accompanied by the 

increase of another class of active compounds. Therefore the resultant activity remains 

constant throughout the year. This applies mainly to antimicrobial activities which are 

important to the survival of the hive. Other biological activities, such as antioxidant 

activity, were not quite as constant throughout the year. 

 

Keywords: Propolis, seasonal variation, phenolic compounds, flavonoids, antioxidant 

activity, metal contents, antimicrobial activity 
 

 

1. INTRODUCTION 
 

The Word propolis comes from the Greek words pro, meaning before, and polis, meaning 

city. This reflects an observation made by beekeepers, since ancient times, that bees construct 

a barrier of propolis (Figure 1) to protect the entrance of their hives from insects and 

predators as well as to seal cracks and reinforce the combs. A thin layer is applied to the hive 

entrance and also in the combs, to protect against microorganisms [1]. 

Although propolis is considered to be an apicultural product, along with honey and royal 

jelly, it is not actually produced by the bees themselves. It is basically a resin collected by 

bees from many parts of plants, such as leaf and flower buds, bark and resinous tree exudates. 

Within the hive these resins are mixed with different proportions of beeswax and other 

components. Therefore the chemical composition of propolis varies, qualitatively and 

quantitatively, according to the vegetation in the region of the hive. Different species of bees 

also gather resins from different plants within the same region, so the chemical composition 

of propolis also varies according to the species of bee [2] [3].  

In countries within the temperate zone of the Northern Hemisphere, the climatic 

conditions only allow the bees to collect propolis resins during a few months, ranging from 

late spring to early autumn; the preferred plant sources are species of Populus, so not much 

seasonal variation between samples is expected [4]. However in countries lying in tropical 

and sub-tropical regions such as Brazil, bees collect resins all year round. As the composition 

of plant resins can also vary throughout the year, the amount and composition of propolis can 

vary with the seasons. 

Propolis from Apis mellifera bees, commonly known as honeybees, usually contains 

between 50-60% of resins and balsamic components, 30-40% of beeswax, 5-10% of essential 

oils and 5% of pollen, along with micro-elements such as aluminum, calcium, strontium, iron, 

copper, manganese and small amounts of vitamins (B1, B2, B6, C and E). Balsamic 

substances, soluble in hydro-alcoholic solvents, such as the phenolic compounds in propolis, 

are responsible for most of the known therapeutic effects of propolis [5]. As these properties 

are directly linked to the composition of propolis, they may also vary seasonally.  

The metal contents of propolis, on the other hand, can be used to evaluate the 

environmental pollution in a region throughout the year. Some metals can be considered vital, 

and their presence in propolis is a bonus, others are non-essential and finally, some are toxic. 

The presence of heavy metals such as lead, cadmium, mercury and others, may be 
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incorporated from environmental sources, and can be toxic when present above specific 

reference values[6] [7]. 

Studies of the multiple therapeutic properties of propolis have confirmed its 

antimicrobial, anti-inflammatory, anesthetic, anticancer, anti HIV and anticariogenic activities 

[8]. Due to these multiple properties, propolis is used in numerous pharmaceutical and 

nutritional products [9]. As propolis composition can vary according to the regional flora, 

place and time of collection, type of collector employed and species of bee, the 

standardization of propolis is possibly the main obstacle to its routine use in therapy. 

This review focuses on studies that have determined how the composition of propolis 

varies in composition due to factors such as: age, seasonality and form of collection. Studies 

analyzing the way its biological activities, mainly its antimicrobial and antioxidant activities, 

are affected by this seasonal variation will also be discussed. 

 

 

Figure 1. Crude propolis. 

 

2. VARIATION IN THE AMOUNT OF PROPOLIS PRODUCED 

AND ITS CHEMICAL COMPOSITION 
 

A study was carried out to evaluate if the amount of propolis is affected by the way it is 

collected. Three different procedures for propolis collection, that is: scraping the hive walls, 

plastic screen and CPI (from Portuguese ―Coletor de Propolis Inteligente‖) were tested. Five 

hives of Africanized Apis mellifera bees were used for each type of collection. No statistical 

differences in the amount of propolis collected by either method and throughout the seasons 

were found. No correlation could be observed between the average monthly temperatures, 

precipitation, relative air humidity, hours of sunlight or wind speed, with the amount of 

propolis collected. However the authors observed that the greatest amount of propolis was 
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collected in the spring with the plastic screen and in the fall with the CPI, but no explanation 

for this phenomenon was proposed, and the composition of the propolis samples was not 

analyzed [10]. 

Due to the importance of metals in the chemical composition of propolis, a study 

compared qualitatively and quantitatively the metal content of green Brazilian propolis 

samples using atomic absorption spectrophotometry. Only aluminum, calcium and manganese 

were found in all the samples, with aluminum levels higher that the other two elements. The 

aluminum levels varied, but were all below limits considered tolerable for the human adult. 

When aged samples (remained in the hive for over 180 days) were compared to fresh samples 

(remained for approximately one month), the aluminum concentration in the fresh samples 

was higher, but there were no significant differences in the levels of calcium and manganese. 

The authors proposed that rainwater may have washed out some of the aluminum content of 

the aged samples. There was also a positive correlation between aluminum content and 

organic compounds, mainly total phenolic content, as some phenolic compounds may also be 

washed by rainwater or degraded due to climatic conditions [11]. This is in agreement with a 

previous study of Chinese and Uruguayan propolis in which aged propolis was found to have 

approximately 20% less flavonoids than fresh propolis [12]. 

Since propolis composition is known to vary due to the regional flora, place and time of 

collection, type of collector employed and genetic characteristics of the bees, several physical 

and chemical tests are used to evaluate its composition and quality. The parameters of what 

constitutes good quality propolis are not easy to define, for quality propolis from different 

regions may be chemically different. However some simple tests are routinely employed to 

this end. In sum: sensorial evaluation (color, taste and consistency), total phenolics and 

flavonoids, levels of wax, ashes and dry residue of extracts, are routinely analyzed. The 

Brazilian Ministry of Agriculture has determined the limits of ashes, loss on drying, insoluble 

residues and wax which are considered acceptable for Brazilian propolis [13]. 

The determination of total phenolics and flavonoids in a propolis sample requires a 

simple spectrophotometric analysis. Total flavonoid concentration is based on the stable 

complexation of these compounds with aluminum in methanol, allowing quantification by 

absorption UV-VIS spectrophotometry at 425nm [9]. Total phenolic compounds are 

quantified in a similar manner, using the Folin – Ciocalteau reagent and correlating with 

absorption at 700 nm or 760 nm, although other compounds such as sugars and aromatic 

amines may interfere in this analysis [9]. 

The form of extraction of crude propolis, by maceration or Soxhlet extractor, the 

concentration and type of solvent, as well as the length of extraction time affects the yield of 

propolis extracts. Although the total phenolic compounds of the propolis extracts varied 

between 6.41 and 15.24%, no correlation could be found between these concentrations and 

any of the factors that varied in the experiment [5]. However, other studies have also shown 

the importance of these parameters on propolis composition [14]. Therefore it is difficult to 

compare results of studies using different extraction methods. This variation in composition 

due to the use of diverse extraction procedures may be even greater than the variation caused 

by changes in the plant resins used, leading to biased results. Much care must be taken to 

delimit a specific extraction procedure before comparing propolis sample composition. 

Other more sophisticated spectrometric tests are applied by producers and researchers 

alike. Mass spectrometry, coupled or not to chromatographic methods, may be used. For the 

more volatile and semi-volatile compounds, gas chromatography – mass spectrometry (GC-
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MS) has frequently been used. However many of the active components of propolis are not 

volatile, and cannot be adequately analyzed by this method. Therefore modern techniques 

such as electrospray ionization mass spectrometry (ESI-MS) may be used directly to obtain 

sample profiles, also known as fingerprints, but may also be coupled to high ( and ultra high) 

performance liquid chromatography (HPLC and UPLC) for more detailed qualitative and 

quantitative sample analysis. The effect of geographic origin on propolis composition was 

clearly shown in studies comparing the fingerprints of propolis samples from all the 

continents by mass spectrometry [2] [15]. The variation in composition between propolis of 

different species of bees was also characterized in this way [3] [16]. However, more recent 

studies have shown that the composition of propolis from stingless bees varies monthly, 

probably due to the offer of resins from different species of plants in different seasons. This 

was observed in Scaptotrigona colonies located in state of São Paulo (with the sub-tropical 

climate) and in the state of Maranhão (in a tropical-equatorial climate) [17].  

Two colonies of Apis mellifera bees, one Africanized and one not, in Botucatu (state of 

São Paulo, Brazil) were selected and the propolis collected monthly for one year; then 

grouped according to the season. The samples were extracted in ethanol and analyzed by GC-

MS. Differences in composition were observed between the two colonies and also seasonally. 

However, it was observed that a reduction in the concentration of some biologically active 

compounds (such as phenolics) in one season was frequently accompanied by the increase of 

another class of active compounds (such as terpenes). The authors proposed that the bees used 

resins mainly from one preferred plant source, but other plants, one of which produce more 

resins in the autumn, were also used. These plant sources were proposed to be species of 

Baccharis and of Araucaria [4]. 

Red colored propolis from a different region in Brazil, in the state of Pernambuco 

(Northeastern Brazil), was collected in February, June and October 2006; that is in the 

summer, winter and spring. The volatile composition of the crude propolis samples was 

evaluated by GC-MS. The methanolic extracts of the same samples were compared by thin 

layer chromatography (TLC). Although trans-anethole was the main volatile compound in all 

three samples, the other volatiles varied qualitatively and quantitatively. The methanolic 

extract showed the same profile in all three months, and the main constituents were phenolic 

compounds, terpenes and sugars [18]. 

In another study of the seasonal variation on the composition of red propolis, samples 

from the state of Alagoas in the Northeast of Brazil were collected every two months, 

throughout one year. The TLC and HPLC of these samples showed a similar chromatographic 

profile, with differences only in the quantity of the compounds, determined by the area of 

peaks by HPLC [19]. 

Although European propolis is not expected to vary seasonally, samples collected in three 

different areas in Central Algarve during the winter and the spring were analyzed. The total 

phenolic components and flavonoids were determined; the highest amounts of total phenols 

and flavanones and dihydroflavonols were observed for the samples collected in the spring, 

but no such significant difference was observed for the flavones and flavonols. The increase 

in and the flavanones and dihydroflavonols, may partly explain the increase of the content of 

total phenols in the spring. As this is the southernmost region of Portugal, the mild winter 

weather may allow bees to collect propolis during the winter or these winter samples may be 

aged samples, with resins collected by bees in the autumn [20]. 
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Diverse samples of propolis from different geographic areas, and from different types of 

bees, all showed antimicrobial activity, in spite of their different chemical composition [21]. 

This is logical considering the importance of this activity for the survival of the hive, but will 

this pattern be present for other activities of propolis, such as the antioxidant activity? 

 

 

3. VARIATION IN THE ANTIMICROBIAL 

AND BIOLOGICAL ACTIVITY OF PROPOLIS 
 

In Brazil, propolis is produced all year long, so seasonal variations in its composition are 

expected. The studies that have observed this phenomenon in propolis from native stingless 

bees and honeybees have already been discussed earlier in this chapter. However, other 

studies are needed to determine if and how these variations affect the biological activities of 

propolis.  

The antimicrobial action of propolis has been widely investigated, but reports dealing 

with seasonal effect on propolis activity are not common. Two studies were carried out by 

Sforcin and collaborators to evaluate the antimicrobial activity of propolis collected 

throughout the year: one to evaluate the effect of propolis samples on strains of Candida yeast 

and another on bacteria. The material was produced by Africanized honeybees in Botucatu, 

São Paulo State and pooled by season. It appears that this is the same propolis that was 

analyzed by Bankova et al. [4], where chemical variation in the composition of the samples 

pooled by seasons was observed.  

The in vitro antimicrobial activity of the propolis samples, collected during the four 

seasons, was tested on the following strains of bacteria isolated from human infections: 

Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and Salmonella 

typhimurium. Dilutions of ethanolic extract of propolis (EEP) in agar were used, and the 

survival curve of each bacterial strain was plotted. Although Gram-positive bacteria were 

inhibited by low propolis concentrations (0.4%), Gram-negative bacteria were less susceptible 

to this substance, the minimal inhibitory concentration ranging from 4.5 to 8.0%. But there 

was no significant difference with regards to the seasonal effect on the survival curve of 

Staphylococcus aureus and Escherichia coli [22]. 

In the second study, the activity of the propolis extracts on yeast pathogens isolated from 

human infections was determined. Hydro-alcoholic solutions of propolis were prepared with 

each pool and diluted in agar, using serial concentrations of propolis from each pool and the 

minimal inhibitory concentration (MIC) was determined. The results showed that the strains 

of Candida albicans used were slightly more susceptible than the strains of 

Candida tropicalis, but both were susceptible to low concentrations of propolis. No 

differences were seen, however, in relation to seasonal effects in the minimal inhibitory 

concentration of propolis [23]. Furthermore, no seasonal variations were observed in the 

effect of these propolis samples, neither on natural killer cells nor on blood biochemical 

parameters [24] [25]. 

Red propolis, collected by Apis mellifera bees in the northeast of Brazil, is reported to 

have a different plant source: Dalbergia ecastophyllum. A study evaluating the effect of 

seasonal periods on the antibacterial activity of the Brazilian red propolis against the 

following bacteria Streptococcus mutans UA159, Streptococcus sobrinus 6715, 
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Staphylococcus aureus ATCC 25923 and Actinomyces naeslundii ATCC 12104; was carried 

out. The minimal inhibitory and bactericidal concentrations (MIC and MBC) were 

determined. A variation in their values was observed for S. mutans, S.sobrinus and S. aureus, 

but not for A. naeslundii [26]. 

On the whole, the antimicrobial activity of propolis varied little, throughout the year. This 

is not surprising, in light of the importance of this activity for hive survival. It would seem 

that if the bees cannot find their preferred source of resins in one season; they will search of 

another source of antimicrobial resins.  

 

 

4. ANTIOXIDANT ACTIVITY OF PROPOLIS 
 

In the human body, oxidation is linked to ageing and tissue degradation, mainly due to 

free radical formation. There are many natural substances that fight these radicals, vitamins C 

and E, among others. As antioxidants are defined as substances that, in low concentrations, 

retard or prevent the oxidation of other substances, antioxidant capacity is not an exact value 

but depends on the source of stress or oxidation and the substrate. Therefore different 

methods result in different values of antioxidant capacity for the same substances [27]. The 

methods that determine antioxidant activity function are based on two main mechanisms; one 

that involves a hydrogen atom transfer (HAT) and one that involves an electron transfer (ET) 

[27] [28]. 

Propolis has been used by mankind for its many therapeutic properties since ancient 

times. Over 300 compounds have been identified in samples of propolis from different 

origins. These substances belong to several chemical classes, such as flavonoids, phenolics, 

terpenes and others. As several illnesses are caused or induced by tissue oxidation, it is not 

surprising that several pharmacological activities of propolis are related to antioxidant and 

radical-scavenging activity. Several pharmacological properties of propolis have been 

attributed to phenolic compounds (phenylpropanoids and flavonoids) and the concentration of 

these compounds in propolis is often used to evaluate sample quality. The antioxidant 

biological activity of phenolic compounds is mainly due to their capacity to capture free 

radicals [29] and to chelate transition metal-ions like iron, copper, manganese, cobalt and 

chromium [30]. For these reasons, the possibility of using propolis for its antioxidant 

properties has come under study. 

Artepillin C (Figure 2) is one of the compounds found in green Brazilian propolis that 

presents a strong radical quenching activity. It also shows macrophage stimulating activity, 

antibacterial and antitumor activity [31]. 

Several diseases are linked to reactive oxygen species (ROS) produced by neutrophils. 

The intake of antioxidants, such as propolis, could benefit patients either as a prophylactic or 

therapeutic treatment; however its chemical composition may vary under the influence of 

seasonality, affecting the biological effect. To verify this, the effect of green propolis samples 

produced monthly from November 2001 through October 2002 in São Paulo state, on the 

oxidative metabolism of stimulated neutrophils, by using both luminol and lucigenin to 

produce chemiluminescence, was evaluated. This green propolis is found in the southeast 

region of Brazil, and the chemical of its main botanical source, Baccharis dracunculifolia, is 
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thought to vary along the year. Although all the propolis samples produced during a one-year 

period displayed antioxidant activity the level of activity varied. [32] 

Aged and fresh propolis from Prudentopolis in the state of Paraná, Brazil, was analyzed. 

The level of total phenolic compounds was determined by the Folin-Ciocalteau method and 

the amount of flavonoids by AlCl3 in methanol [14]. The antiradical activity was determined 

by two unrelated methods: first of all by the assay based on chemiluminescence of luminol in 

micellar environment, adapted to complex extracts by Silva and colaborators [27]. As a way 

of comparison, antiradical capacity was evaluated by the well-known assay which employs 

the DPPH radical. Total phenolic levels were all statistically different with a trend toward 

higher amounts of total phenolic acids in fresh propolis, but the amount of flavonoids was 

slightly higher in aged propolis. All extracts obtained from fresh propolis had higher radical 

scavenging activity [11].  

It is important to bear in mind that different compounds may correlate better with one 

antioxidant evaluation method than another. For example, in a study of the antioxidant 

activity of samples of Brazilian propolis, two essays were used: DPPH and Ferric reducing 

ability power (FRAP). Although all samples presented the antioxidant compound, Artepillin 

C, in their composition, variation in the antioxidant activity of the samples was observed. The 

results of both antioxidant essays were well correlated to the phenolic contents; but the 

correlation between the FRAP essay and flavonoids was poor. Therefore the flavonoids 

showed antioxidant activity by the DPPH free radical scavenging method, but not the 

reducing power observed by the FRAP method [33]. 

 

 

Figure 2. Structural and molecular formulas of Artepillin-C. 

 

C19H24O3 



Seasonal Variation in the Composition … 77 

Samples collected in Central Algarve during the winter and the spring were analyzed by 

different evaluation methods and showed variation in their composition and in the antioxidant 

activity. The DPPH method and chelating metal ions showed significant differences between 

collection seasons, but not the ABTS+ free radical-scavenging activity. Samples obtained in 

winter were better to scavenger DPPH, but samples from spring were better to chelate iron 

ions. Once again, the result was dependent on the method used. The methods for evaluating 

the capacity for inhibiting the superoxide radical anion formation and for chelating metal ions 

are different from those that evaluate DPPH or ABTS radical scavenging (which are based on 

the electron transfer). The chemical structure of the phenol is determinant on the antioxidant 

activity [34]. 

Stingless bee propolis is not as studied as honeybee propolis. However samples of 

propolis were collected monthly over the period of one year from colonies of native Brazilian 

stingless Scaptotrigona bees: in the state of Maranhão in the Northeastern and in state of São 

Paulo in the southeastern region of Brazil between 2006 and 2007, their antioxidant activity 

determined by the DPPH radical scavenging assay. For each species, the highest antioxidant 

activity was observed in propolis collected in October and November (spring months), As the 

composition of the samples varied along the year, the effect of the seasons on the availability 

of resins, the composition of propolis and the antioxidant activity was observed [35].  

 

 

CONCLUSION 
 

The chemical composition of propolis from regions with tropical and subtropical climates 

(such as Brazil) and Mediterranean climates (such as south Portugal) were found to vary 

throughout the year. However these variations in composition did not affect the antimicrobial 

activity of most samples, and apparently the lack of one group of substances in one season 

was compensated by the presence of another group. This result corroborates with earlier 

studies of propolis from different geographical origins, which presented antimicrobial activity 

in spite of different chemical compositions [21]. 

Another pharmacologically important activity of propolis, antioxidant activity, although 

present in most samples analyzed was found to vary throughout the year. However, the results 

were directly influenced by the evaluation method used. Most samples contained different 

proportions of flavonoids and other phenolics, and specific assays correlated better with 

concentrations of one or the other class of compounds. It would seem that one class of 

antioxidant compounds, found in one season, is substituted by another class, in other seasons. 

However, no studies were found that evaluate how this variation affects the overall biological 

effect, in humans or animals.  
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