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Abstract 
Propolis is a product elaborated by honey bees (Apis) and comprises plant resins, bee wax, glan-
dular secretions of the worker bees and pollen grains. Geopropolis is a product elaborated by 
stingless bees and comprises similar compounds of honey bees and soil, mud, clay, earth or sand. 
The present study intends to distinguish between propolis and geopropolis using pollen analysis. 
A total of 12 samples were obtained in the Southern Brazilian macro-region and processed by 
standard melissopalynological methodology. All structural components recovered after alcoholic 
extraction and before acetolysis treatment were evaluated. Four of the eight samples collected in 
the State of Paraná were prepared by Apis and showed a strong contribution of Asteraceae and 
Eucalyptus pollen grains. On the other hand, the two geopropolis samples of Tetragonisca angus-
tula contained mainly Cecropia pollen grains, while the samples of Melipona quadrifasciata and 
Melipona mondury showed a predominance of Melastomataceae pollen grains. The four propolis 
samples obtained in the Santa Catarina and Rio Grande do Sul States were characterized by a pre-
dominant pollen contribution of Asteraceae and Eucalyptus. Additional structured elements in 
propolis samples comprised frequently plant trichomes and tissue fragments. On the contrary, the 
geopropolis samples showed high values of spores of fungi, amorphous organic matter, sand or 
clay and sometimes remainder of resin. In conclusion, the pollen grain spectra do not distinguish 
between propolis of Apis and geopropolis of stingless bees, but the accessory elements are conclu-
sive. 
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1. Introduction 
Honey bees (Apis sp.) were introduced in Southern Brazil by European immigrants, mainly Jesuit priests, in the 
XVII century, into the region of Missões, banks of the River Uruguai [1], but in sequence abandoned. The priest 
Antônio Carneiro in the year of 1839 reintroduced bees again. He brought with them a long tradition in apicul-
tural activities. Their knowledge comprised mainly honey and pollen production, as well as crop pollination and 
medicinal use of bee products. Attending very different climatic conditions, honey bees and beekeepers learned 
to use a new vegetation to survive and prospered until 1956. 

At this time, an African bee species (Apis mellifera adansonii Latreille, 1804) was accidentally introduced in 
the Brazilian state of São Paulo, Ribeirão Preto locality. The hybrid bees originated turned strongly aggressive 
and dominant and spread from this county into Southern Brazil too [2]. Beekeepers learned to handle the result-
ing populations, and got high production of honeys. More recently, dry bee pollen and propolis became of great 
commercial value. 

Propolis is a product elaborated by honey bees starting to collect plant resins into its basquetes. This resin was 
obtained from some damaged tree stems or branches [3]. In a special case of green propolis, the bees chew leave 
buds to open the plant resin channels, introducing plant tissue fragments accidentally into its propolis [4]. Mix-
ing the resin with bee wax, glandular secretion of the worker bees is added, and the result is a material used to 
seal holes and cracks inside the honeycomb and to isolate foreign incomes. By making artificial holes between 
the honeycomb walls and grids, beekeepers collect a great amount of propolis of high commercial value [5]. 

Physico-chemical analyses of propolis revealed the presence of several substances such as flavonoids, ter- 
penoids and amino acids, antioxidant activity and more [6]-[8]. The variable concentrations of these compounds 
are depending upon the bee population and the environmental conditions [9]. Alcoholic and aqueous extracts of 
propolis are used in pharmacological products elaboration [7] [10]. 

Structural elements in propolis samples were isolated as a rule by ethanol extraction. After elimination of re-
sins and bee-wax, pollen grains (more or less 5% of the sediment amount), hyphae and spores of fungi, yeast, 
bacteria, plant tissue fragments and trichomes and organic clusters can be recovered [11] [12]. All these ele-
ments together translate a high image of environmental condition and vegetation around the apiaries. In conse-
quence a better or worthier quality of propolis can be obtained by the beekeepers. 

Numerous species of native stingless bees, the Meliponini, are important pollinators of the original vegetation. 
In the same way as honeybees do, these bees elaborate a compound similar of propolis, named geopropolis. This 
term was formerly purposed by Nogueira-Neto [13]. It means a product made by the Meliponini using plant re-
sins, bee-wax, bee glandular secretion and soil mud, clay, earth or sand. It does not contain plant tissue and tri-
chomes. The honey of Meliponini is harvested inside the nests in little pots [13]. These pots are made of a mix-
ture of resin and bee-wax only, named “cerume/cerúmen” in Brazil, and are not as resistant as geopropolis. 

Nests of Meliponini occur originally inside tree holes, inside walls and between stones [14], so that the quan-
tity of geopropolis produced is small and of low commercial significance at the moment. These bees are actually 
kept by beekeepers and maintained inside little boxes and, without any danger, next to human homes. Recently, 
the maintenance and development of social species of Meliponini was supported by Brazilian government enti-
ties for honey production by SEBRAE (Serviço Brasileiro de Apoio às Micro e Pequenas Empresas). 

In attending scientific and commercial interests, analysis of pollen grains and other structured elements that 
occur inside propolis and geopropolis is useful. It is possible to identify the phytogeographical region [15] [16] 
where these products are elaborated. Different regions in Brazil produce propolis of several qualities, recognized 
when fresh by its color as brown, dark, red, grey or green (Figure 1), when not fresh, after some months they 
turn dark-brown. The most appreciated are the green and red propolis, the first being an important product of 
export [17]. Regarding the botanical and physicochemical properties of both propolis and geopropolis, the 
knowledge of its composition and geographical origin may exclude falsifications. 

Physico-chemical analyses revealed geopropolis has a similar composition as propolis. The main difference is 
a variable concentration of each significant component. Phenolic acids and flavonoids mainly present lower 
concentration in geopropolis [18] than in propolis [19]. Pollen analysis of propolis and geopropolis reveals the 
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occurrence of bee plants far or next to the beehives, bee nests and apiaries. On the one hand, it consists of necta-
riferous and poliniferous plant species, on the other hand of resin producing plants. This together makes the land 
useful or not for apicultural activities using honeybees and/or stingless bees. 

The Brazilian flora belongs to five macro-regions (North, Northeast, Midwest, Southeast and South). The 
Southern region (Figure 2) comprises the ombrophilous forest, a field vegetation (“Campos Sulinos”), a “Res-
tinga” formation [20] and patches of a “Cerrado” vegetation in the State of Paraná [21]. The transition of the 
tropical to a subtropical environment occurs in the state of Paraná, with a great variety of plant associations. 
Araceae, Arecaceae, Asteraceae, Euphorbiaceae, Lauraceae, Melastomataceae, Myrsinacea and Myrtacea were 
the most representative families (Troppmair, 1990). The “Cerrado” areas showed different plant taxa [22]. 

 

 
Figure 1. Brown, red and green propolis alcoholic extracts showing the respective colorations. 

 

 
Figure 2. South Brazilian macro-region where samples were obtained on. 
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The ombrophilous and the Araucaria angustifolia forests characterize the vegetation of Santa Catarina State 
[23]. Species richness occurs in Asteraceae, Cyperaceae, Fabaceae, Lauraceae, Melastomataceae, Myrtaceae, 
Piperaceae, Poaceae, Orchidaceae, Rubiaceae and Solanaceae families [24]. The Rio Grande do Sul State vege-
tation comprises savanna areas [21]. The ombrophilous forest in this state is represented mainly by the Euphor-
biaceae, Fabaceae, Lauraceae and Myrtaceae families [25]. The “Restinga” formation is characterized by Aste-
raceae, Cyperaceae, Fabaceae, Myrtaceae and Poaceae [26]. 

The present study intends to distinguish between propolis and geopropolis by using a palynological analysis. 
It also intends to recognize the local or regional and melissopalynological vegetation around the beehives and 
nests. 

2. Material and Methods 
Samples were collected in the Southern Brazilian region. Propolis samples became two from each of the States 
of Rio Grande do Sul and Santa Catarina and four from Paraná. Four geopropolis samples were from Paraná 
State. The 12 samples proceed from beekeepers and its apiaries (Table 1). 
 
Table 1. Localities, bee species and palynological evaluation of propolis and geopropolis samples of Southern Brazil. AP = 
accessory pollen grains (15% - 45%), IP = important isolated pollen grains (3% - 15%), PP = predominant pollen grains 
(>45%). 

Brazilian state Municipalities/GPS 
coordinates Bee species Pollen grain frequencies 

Paraná (PR) 

Antonina 
25˚10'05.2"S 
48˚17'58.9"W 

Tetragonisca angustula 
AP: Cecropia (26.0%), unidentified (17.0%); 
IP: Alchornea (13.2%), Sapium (11.9%), 
Loranthaceae (3.8%) 

Tagaçaba 
25˚17'59.8"S 
48˚18'41.8"W 

Tetragonisca angustula AP: Cecropia (32.0%), Arecaceae (25.8%); 
IP: Melastomataceae (3.5%), Sapium (11.9%) 

Melipona quadrifasciata 
PP: Melastomataceae (75.5%); 
IP: Matayba (6.8%); Myrcia (4.0%); 
Mimosa scabrella (3.7%); 

Potinga 
25˚45'24.9"S 
50˚38'34.2"W 

Melipona mondury 
PP: Melastomataceae (50.6%); 
IP: Matayba (13.2%), Alchornea (9.6%), 
Myrcia (6.0%), Asteraceae (4.8%) 

São José da Boa Vista 
23˚54'47.7"S 
49˚38'37.1"W 

Apis mellifera 
AP: Eucalyptus (38.4%), Asteraceae (17.9%); 
IP: Tapirira (8.7%), Arecaceae (9.5%), 
Psychotria (10.2%), Paullinia (6.4%), Solanum (5.7%) 

São Mateus do Sul 
25˚52'40.0"S 
50˚22'34.0"W 

Apis mellifera AP: Asteraceae (33.5%), Eucalyptus (21.7%); 
IP: Tapirira (11.7%), Arecaceae (13.4%) 

Wenceslau Brás 
23˚52'18.7"S 
49˚47'32.9"W 

Apis mellifera PP: Asteraceae (46.7%), Eucalyptus (32.1%); 
IP: Arecaceae (10.2%), Solanaceae (7.3%) 

Ivaí 
25˚00'43.5"S 
50˚50'44.0"W 

Apis mellifera PP: Asteraceae (71.8%); 
IP: Arecaceae (12.8%), Eucalyptus (13.5%) 

Santa Catarina 
(SC) 

Içara 
28˚44'22.7"S 
49˚19'27.0"W 

Apis mellifera AP: Eucalyptus (42.1%), Asteraceae (22.5%); 
IP: Fabaceae (10.3%), Myrcia (10.7%) 

Anitápolis 
27˚54'01.7"S 
49˚08'04.5"W 

Apis mellifera 

AP: Eucalyptus (34.0%), Asteraceae (18.3%); 
IP: Arecaceae (10.1%), Cyperaceae (5.3%),  
Euphorbiaceae (3.4%), Melastomataceae (3.1%), 
Mimosa verrucosa (7.2%), Solanum (3.4%) 

Rio Grande do Sul 
(RGS) 

Pelotas 
31˚44'56.3"S 
52˚13'49.3"W 

Apis mellifera 
AP: Asteraceae (29.5%), Eucalyptus (27.2%); 
IP: Anacardiaceae (7.8%), Mimosa verrucosa (10.9%), 
Theaceae (3.5%) 

Taquara 
29˚40'59.7"S 
50˚46'28.2"W 

Apis mellifera 
PP: Eucalyptus (50.3%); 
AP: Asteraceae (15.9%), Solanum (15.6%), 
IP: Psychotria (4.3%) 
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Extraction of pollen grains and other structured particles follows the technique described in [11] [12] [27]. 
Shortly, after alcoholic extraction of 0.5 g of any sample, the sediment was treated with 10% KOH, washed and 
slides to detect trichomes and plant tissue were prepared using glycerin-jelly. The remaining sediment was de-
hydrated in concentrated acetic acid, washed, submitted to acetolysis, washed again, and left for more than 30 
min in a water-glycerin 1:1 mixture. Slides were prepared with glycerin-jelly also and sealed with paraffin. 
More than 300 pollen grains were considered under 400x magnification. 

3. Results 
3.1. Propolis Samples 
Considering the three States of the Southern Brazilian region, the eight propolis samples contained mainly pre-
dominant or accessory pollen grains of Eucalyptus (13.5% - 50.3%) and of several species of Asteraceae (15.9% 
- 71.8%) (Table 1 and Table 2). Forty additional taxa showed lower participation, as Arecaceae in five samples, 
Solanum in three samples, Tapirira (Anacardiaceae), Mimosa verrucosa pollen type and Psychotria (Rubiaceae) 
in two samples, and Anacardiaceae, Cyperaceae, Euphorbiaceae, Fabaceae, Melastomataceae, Myrcia (Myrta-
ceae), Paullinia (Sapindaceae), Solanaceae and Theaceae in one sample only. 

Trichomes and plant tissue fragments occurred in all propolis samples and have to be detected before acetoly-
sis was applied. Some samples presented few amorphous organic materials. 

3.2. Geopropolis Samples 
The four geopropolis samples analyzed proceeded from the State of Paraná. Two were collected by Tetragonis-
ca angustula (“jataí”) and two by Melipona quadrifasciata (“mandaçaia”) and M. mondury (“uruçu-amarela”) 
bees (Table 1 to Table 2). They presented rarely or no Eucalyptus pollen grains. 
 
Table 2. State of Paraná. Occurrence of the main botanical taxa identified in propolis and geopropolis samples. 

Samples of the State of Paraná 

Propolis (Apis) Geopropolis (Meliponini) 

Taxon Number of samples Percentages (%) Taxon Number of samples Percentages (%) 

Asteraceae 4/4 17.9 - 71.8 Asteraceae 1/4 4.8 

Eucalyptus 4/4 13.5 - 38.4 - - - 

Arecaceae 3/4 9.5 - 13.4 Arecaceae 1/4 25.8 

Tapirira 2/4 8.7 - 11.7 - - - 

Psychotria 1/4 10.2 - - - 

Solanaceae 1/4 7.3 - - - 

Paullinia 1/4 6.4 - - - 

Solanum 1/4 5.7 - - - 

- - - Melastomataceae 3/4 3.5 - 75.5 

- - - Cecropia 2/4 26.0 - 32.0 

- - - Alchornea 2/4 9.6 - 13.2 

- - - Matahyba 2/4 6.8 - 13.2 

- - - Sapium 2/4 11.9 

- - - Myrcia 2/4 4.0 - 6.0 

- - - Loranthaceae 1/4 3.8 

- - - Mimosa scabrella 1/4 3.7 
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Predominant taxon was a Melastomataceae pollen type (Tibouchina-like) (50.6% - 75.5%) in the two samples 
produced by Melipona. Nevertheless, T. angustula samples presented predominant and accessory pollen grains 
of Cecropia (32.0 and 26.0%), and Arecaceae (25.8%). Additional taxa of lower participation in geopropolis 
samples of T. angustula belong to Alchornea, Sapium and Loranthaceae; the lowest frequency was of Melas- 
tomataceae in one sample of Tragaçaba. The Melipona geopropolis samples showed no accessory pollen beside 
several taxa of low participation (Table 1). 

All geopropolis samples presented hyphae and spores of fungi and sand, clay, mud or similar inorganic com-
pounds, amorphous organic material (Figure 3) and frequently patches of resin resisting acetolysis (Table 3). 
 

 
Figure 3. Propolis samples: A. glandular trichomes and pollen grains; B. pollen grain of Aste- ra-
ceae and trichomes (trichome head = arrow head, trichome stalk = arrow); C. pollen grain of Eu-
calyptus and trichome (arrow). Geopropolis samples; D. pollen grain of Alchornea (Euphor- bi-
aceae), spores of fungi and a translucent mineral particle (arrow); E. pollen grain of Piper (arrow) 
and sand; F. plant tissue, hyphae and spores of fungi; G. pollen grains of Melastomataceae; H. 
shows pollen grain of Meliaceae (ME) and Moraceae (MO) and fungi spores. Bar = 10 µm. 
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Table 3. Localities, bee species and evaluation of additional structured elements except pollen grains. (-) = without, (+) =few, 
(++) = medium, (+++) = frequent, (++++) = very frequent structured elements. 

Brazilian 
states Municipalities Bee species Trichomes Hyphae and 

spores of fungi 
Sand/Clay/ 

mud fragments 
Amorphous 

organic material 

Paraná 
(PR) 

Antonina Tetragonisca angustula - +++ + + 

Tragaçaba Tetragonisca angustula - + + ++++ 

Tragaçaba, Melipona quadrifasciata - + + ++++ 

Potinga Melipona mondury - + +++ +++ 

São José da Boa Vista Apis mellifera ++++ - - - 

São Mateus do Sul Apis mellifera ++++ - - - 

Wenceslau Brás Apis mellifera ++++ - - - 

Ivaí Apis mellifera ++++ - - - 

Santa 
Catarina (SC) 

Içara Apis mellifera ++ - - ++ 

Anitapolis Apis mellifera +++ - - - 

Rio Grande 
do Sul (RGS) 

Pelotas Apis mellifera ++++ - - + 

Taquara Apis mellifera ++ - - ++ 

4. Discussion 
A total of 22 taxa could be identified in the propolis and geopropolis samples (Table 1). Only four taxa were 
found in both, the pollen types of Arecaceae, Asteraceae, Melastomataceae and Myrcia. These are strong repre-
sentatives of the ombrophilous forest vegetation. 

4.1. Propolis Samples 
The eight samples of propolis collected in the Southern Brazilian macro-region presented pollen grains belong-
ing to 16 taxa of three or more percent frequency (Table 1). Eucalyptus and several species of Asteraceae, the 
most frequent in all samples, indicate areas around the beehives of vegetation composed of trees, shrubs and 
lowland plant taxa. The four Paraná samples showed a similar pollen grain assemblage, Asteraceae—Eucalyptus 
—Arecaceae. This last taxon was not detected in the Santa Catarina and Rio Grande do Sul samples. 

Palynological analysis of propolis samples of several Brazilian regions Brazil emphasized that predominant 
plant taxa in the Southern and Southeast regions comprised mainly Eucalyptus species, followed by Asteraceae 
[15]. Mimosa pollen grains were rarely found in propolis samples of the Southern region. On the other hand, in 
the Northeast Brazilian region the pollen types of Mimosa, Borreria and Acacia were predominant [15] [28]. 
This shows a strong macro-regional variation. 

By analogy to propolis samples from Baccharis dracunculifolia analysed by [4], the richness of trichomes in 
the studied samples may be attributed to species of the Asteraceae family. Trichomes were detected only inside 
the propolis samples. 

4.2. Geopropolis Samples 
The four samples of geopropolis showed pollen grains belonging to 10 taxa of three or more percent frequency 
(Table 1). The most frequent taxa of Melastomataceae, Cecropia and Arecaceae indicate areas presenting native 
forest border vegetation around the beehives. The vigorous Melipona bees certainly visited a high tree canopy to 
obtain pollen grains of Melastomataceae by vibration of the poricide anthers. Ramalho [29] highlights the im-
portance of the stingless bees in foraging trees in a canopy tropical forest. Pollen grains of herbs were rarely de-
tected in this and in the present study, remaining below 3% in the samples. 

Nascimento et al. [30] observed high frequency of Tibouchina, Cecropia and Syagrus pollen grain types in 
honey samples obtained in the Paraná state. This fact confirms the data of geopropolis samples here presented 
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indicating that, in addition to food resources for the colony maintenance, there is a strong interest of bees as vis-
itors and pollinators of these plants. 

The Eucalyptus pollen type was frequently observed in geopropolis samples of Southeast Brazil [12] [31], but 
rarely in the Southern macro-region as in the present study and in [16]. However, Nascimento et al. [30] high-
light the presence of this pollen type in honey samples of M. quadrifasciata in the Paraná State. 

Cecropia pollen type was found as secondary pollen in the honey samples from M. quadrifasciata in the Pa-
raná State [30]. In the present study this pollen type was found in the geopropolis samples from T. angustula. 
This genus is characterized as pioneer trees [32] of anemophilous pollen transport. 

4.3. Propolis x Geopropolis Samples 
Pollen grains of the Asteraceae family firstly and of Eucalyptus species secondly characterized the propolis 
samples studies in the Southern Brazilian region. This fact is strongly different from the singles bee geopropolis 
samples, which showed mainly Melastomataceae and Cecropia pollen grains. Tibouchina and Miconia (Melas-
to- mataceae) and Cecropia (Cecropiaceae) pollen types were observed recently in honey samples of Melipona 
quadrifasciata and M. mondury [30]. This stingless bee behavior indicates that these plants were used as a good 
food resource. 

Eucalyptus pollen grains may indicate human activities next to the apiaries. This genus is extensively culti-
vated in the Southeast and Southern Brazil. Pollen grains have been found as dominant and secondary pollen in 
propolis samples of the three states in Southern Brazil [15]. Pollen grains of introduced crops as orange, coffee, 
apple and tobacco were absent in geopropolis samples. 

Amorphous organic material, soil or sand and fungi in the geopropolis samples studied of both, Tetragonisca 
and Melipona bees, were not bee species specific. 

Patches of plant resins sometimes resist acetolysis procedure and were detected in the slides of Paraná state 
geopropolis. [3] emphasized resins of “aroeira” trees (Schinus terebinthifolius and/or related species) collected 
by Tetragonisca angustula. They mentioned the importance of resin obtained from Araucaria angustifolia also, 
which pollen grains were at the moment not detected in the Southern State samples. 

Plant tissue fragments and trichomes were introduced into propolis when the bees (Apis) cut the top of plant 
buds, using its mandibles, in order to open resin channels [33] however stingless bees do not make this [12]. In 
this respect, the best technique to distinguish between propolis and geopropolis is the presence of plant tissue 
and trichomes inside propolis and sand or clay inside geopropolis samples. Apis species never collect inorganic 
material. 

Depending upon locality, climatic condition and season, the vegetation investigated by Apis around the apia-
ries is not the same as the investigated by stingless bees, nevertheless some plant taxa may occur in common. 
Propolis and geopropolis are always bee species dependant. 

5. Conclusion 
In conclusion, the pollen grain spectra do not distinguish exactly between propolis of Apis and geopropolis of 
stingless bees, but the accessory elements are conclusive, mainly trichomes and mineral elements. 
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