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The newest developments in research on propolis plant sources are summarized. Special attention is paid to data based on 
reliable chemical evidence including comparison between propolis samples and plant material, and on well-documented bee 
behavior. A number of new proved propolis source plants are listed. Hypothetical sources, suggested as a result of comparison 
of propolis chemical composition and literature data about particular plants are also discussed. 
 
Keywords:  propolis, plant sources, taxonomic markers. 
 
 
 
Propolis (bee glue), a honey bee product, has been 
used since ancient times as a remedy in Europe and 
the Middle East. It has recently gained popularity in 
all parts of the world as an alternative medicine, food 
additive for health amelioration and disease 
prevention. To produce it, bees collect vegetable 
material and mix it with wax. It is now generally 
accepted that bees collect propolis from resinous 
plant materials, produced by a variety of botanical 
processes, in different parts of plants. These are 
substances actively secreted by plants, as well as 
substances exuded from wounds in plants: lipophilic 
materials on leaves and leaf buds, for example 
mucilages, gums, resins, and latices [1]. In some 
cases bees also may cut fragments of vegetative 
tissues to use them in propolis production [2].  
 
In her monograph, Crane [1] gives a long list of 
plants thought to be propolis sources in different 
parts of the world. It is important to note that this list 
is based principally on observations of bee behavior 
and only in a few cases, on comparative chemical 
analysis of propolis and plant materials. This list 
must be regarded only as preliminary, unconfirmed 
information,    because    propolis    collection    is    a  

relatively rare activity of honeybees and often takes 
place high up in the trees, so is difficult to be 
observed [1]. Much more conclusive evidence could 
be found in the chemical composition of propolis by 
comparing it with plant materials collected in the 
vicinity of the hives. This approach was introduced 
by the works of Popravko [3] in Russia and Lavie in 
France [4], dating back to the 1970s. They analyzed 
propolis flavonoid composition and compared it to 
birch and poplar bud exudates, respectively. This line 
of research proved to be successful: many similar 
publications followed and now it is generally 
accepted and chemically proved that in temperate 
zones (Europe [3, 5 – 8], North America [9, 10], and 
the non-tropical regions of Asia [11, 12]), the bud 
exudates of Populus species and their hybrids are the 
main source of bee glue. In the northern regions of 
Russia, birch buds (Betula verrucosa) play the same 
role [13]. More recently, it was found by chemical 
studies that in large regions of Brazil, Baccharis 
dracunculifolia could be regarded as one of the main 
propolis sources [14]. For obvious reasons, in this 
review we are going to discuss only data based on 
reliable chemical evidence and comparison of 
propolis samples with plant material. 
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It is important to note that there have been some 
attempts to identify source plants of bee glue, using 
pollen analysis of propolis samples [15]. In our 
opinion, this approach is misleading. While remains 
of vegetative structures may be given credit as 
consistent evidence for propolis origin, with pollen 
analysis it is impossible to know with certainty 
whether the presence of a specific pollen is the result 
of a visit aimed at collecting resin or just  
contamination of a material obtained by bees for 
other purposes [2]. Pollen analysis could be used for 
identification of geographic origin, but not plant 
origin of propolis.  
 
When propolis origin is discussed, there is another 
question that always arises: do bees change 
chemically the substances they take from plants? 
Despite many claims in the literature (completely 
unsupported by proof), the answer is no. There is no 
chemical evidence whatsoever that bees’ enzymes 
have performed any chemical changes in the 
compounds taken from plants and used for propolis 
production. This very fact makes it possible to track 
the collected material back to the source plant. There 
is a good reason for this fact: such a change does not 
seem necessary with respect to the function of 
propolis in the hive. The sticky materials used by   
bees are secreted by plants in order to protect their 
buds, young leaves, and wounded tissues from the 
elements of weather and from attack by bacteria, 
fungi, and viruses. Propolis has similar functions in 
the hive, and it is well known that it is the main 
chemical defense of bees against infections. Any 
chemical change would mean unnecessary energy 
expenses and be disadvantageous from an 
evolutionary point of view. This specific biological 
function of propolis precursors is valuable, not only 
to propolis users (bees and humans), but also to 
propolis researchers: bees have performed a 
preliminary ”screening” and found, in the course of 
evolution, plant sources that posses pronounced 
antimicrobial and antioxidant properties. Human 
beings have only to identify the parent plants and 
study their bioactivity and active principles in detail.   
 
Other aspects of the importance of the knowledge of 
propolis plant sources are the possibility of 
typification for the needs of standardization and 
quality control [16], and the fact that access to 
propolis is important for the health of the colony 
[17]. Data on propolis plant sources have been 
reviewed [18] and here we summarize the literature 
published after this date. 

Plant sources of tropical propolis 

Plant sources of propolis in South America: In the 
last 15 years, propolis from South America and 
especially from Brazil has become a subject of 
increasing commercial and scientific interest, because 
Brazil is the only tropical country that exports large 
amounts of propolis. There are several types of 
Brazilian propolis [19], but the most popular and 
abundant one is the so-called “green propolis”. It has 
been suggested, because of the presence of specific 
taxonomic markers (C-prenylated cinnamic acids), 
that its source is the Asteraceaen shrub Baccharis 
dracunculifolia, locally called “alecrim” [20 – 22]. 
Later, direct evidence of the plant origin of green 
propolis from B. dracunculifolia, based on 
observation and filming of bee behavior and on 
chemical comparison of plant material and propolis, 
was provided in the works of Kumazawa et al. [23] 
and Weinstein Teixeira et al. [24]. They found that 
bees cut small parts of the vegetative apices of young 
leaves and buds of alecrim and manipulate (chew) 
them, liberating resinous substances from trichomes 
and ducts. Then, the material was transferred to the 
curbicula and carried to the hive for propolis 
production. In both articles, the authors registered 
coincidence of the chemical composition of plant 
material (young leaves or shoot apices) and propolis 
from the hive under observation. For chemical 
comparison, HPLC-MS and GC-MS (after 
methylation) were used. Weinstein Teixeira et al. 
[24] supported their findings also with microscopic 
analysis of propolis and identified leaf fragments of 
B. dracunculifolia: resiniferous ducts, glandular and 
non-glandular trichomes. This convincing and 
thorough approach should be followed by everyone 
who is willing to prove ultimately the origin of 
propolis from a particular source. It is interesting to 
note that Weinstein Teixeira et al. [24] emphasize the 
variability in chemical composition of green propolis, 
due to variations in the chemical composition of 
alecrim apices, and to incidental contributions from 
alternative plant sources. 
 
As already mentioned, green or “alecrim” propolis is 
not the only propolis type in Brazil. Alencar et al. 
[25] and Park et al. [19] identified buds and 
unexpanded leaves of Hyptis divaricata as basic plant 
source of propolis in Bahia State, in the North-East of 
Brazil. They proved this by comparing the 
“fingerprint” of propolis with that of plant material 
from the same location, using GC-MS and HPLC-
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DAD profiles. However, no individual taxonomic 
markers were identified. 
 
In a recent publication, propolis from the Brazilian 
State of Piaui was found to contain cycloartane 
triterpenoids (mangiferolic, mangiferonic, and 
isomangiferonic acids, among others), discovered 
earlier as constituents of the stem bark of Mangifera 
indica [26]. This finding led to the suggestion that the 
stem bark of mango trees was the main plant source 
of this particular type of propolis.  
 
Propolis studies in other regions of South America 
resulted in the disclosure of new source plants. Most 
important of them are the trees of the genus Clusia of 
the Guttiferae family. These dioeciuos plants secrete 
a viscous, hydrophobic resin from glandular tissues 
in both male and female flowers. This resin is readily 
gathered by meliponine and euglossine bees, for 
which it most often serves as the sole pollinator 
reward [27]. The flower resin possesses the 
mechanical properties needed as nest building 
material for stingless and orchid bees and also has 
proved to be antibacterial [27]. So it is not surprising 
that Apis mellifera bees have discovered this 
excellent propolis source and make use of it in 
tropical ecosystems. The Clusia flower resin contains 
a characteristic type of chemical compounds, 
polyisoprenylated benzophenones. These compounds 
are unique to the Guttiferae family and thus excellent 
taxonomic markers. Constituents of this type have 
been identified as main components in propolis from 
Cuba and Venezuela. Tomás-Barberán et al. [28] 
found that in Venezuela, Clusia was one of the main 
sources. The flower resin of two different species,   
C. major and C. minor, were analyzed by HPLC and 
compared to the propolis profile; a perfect match was 
shown. In a recent study, the chemical composition 
of several Venezuelan propolis samples indicated that 
C. scrobiculata may be their source, according to the 
particular benzophenones in it [29]. In Cuba, C. rosea 
(C. major) was suggested to be the main propolis 
source [30, 31], based on chemical comparison.  
 
Recently, isoflavonoids have been found in propolis 
from Cuba and South-Eastern Brazil [32, 33] and an 
assumption has been made that some Leguminosae 
plants may contribute to propolis production in these 
regions [32]. However, caution should be used in 
accepting this hypothesis because it is known that a 
number of non-leguminous plants are able to 
biosynthesize isoflavonoids [34].  
 

Chemical data have also suggested that in some 
regions of El Salvador, the Tolu balsam tree, 
Myroxylon balsamum, may be the source of bee glue 
[35]. 
 
Plant sources of propolis in Asia: In the temperate 
climatic regions of Asia, Populus species have been 
identified as a propolis source [18, 36, 37]. Recently, 
several chemical studies have been published dealing 
with Asian propolis from tropical and high altitude 
(Himalayas) locations that have a different chemical 
composition to that of poplar propolis. 
 
In Nepalese bee glue, the main chemical components 
were identified as open-chain neoflavonoids [38]. 
The major constituents have earlier been found in the 
wood of Dalbergia species and are specific to this 
genus, thus the authors suggest that the source of this 
propolis might be plants belonging to the genus 
Dalbergia. Moreover, many plants of various 
Dalbergia species, for example Indian rosewood,    
D. sissoo, grew in the place where propolis was 
collected. 
 
Studies concerning a new tropical type of propolis 
have appeared in the literature during the last 3 - 4 
years. Information about this distinct propolis type 
comes from Okinawa [39] and Taiwan [40, 41] and it 
may be called “Pacific” propolis. The specific 
components for this bee glue are C-prenylated 
flavanones. Some of these compounds were new, but 
the known ones had previously been isolated from 
Hernandia nimphaefolia, a small tree of the tropical 
family Hernandiaceae [42]. This fact indicates         
H. nimphaefolia as the possible plant source, but 
further research is needed in order to confirm or deny 
this hypothesis. It is important to note that “Pacific” 
propolis possesses significant cytotoxicity and radical 
scavenging activity against DPPH radicals [39, 41], 
so the study of the presumed source plant seems 
promising.  
 

Propolis plant sources in the Subtropics 

In regions with subtropical climate, poplar trees are 
rare and bees have to find other plants from which to 
collect propolis. The diversity of plant sources is 
reflected by the chemical diversity of Mediterranean 
propolis from different locations. For example, in 
several samples from Sicily, the main constituents 
were found to be diterpenic acids of the labdane type 
(communic,   isocupressic,   acetylisocupressic)  [43]. 
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The same compounds have previously been found in 
Brazilian propolis and their source is suggested to be 
Araucaria spp. Their presence in a European sample, 
originating from a totally different ecosystem where 
no Araucaria grows, is surprising. However, it is 
important to note that the diterpenic acids of the 
labdane type are typical oleoresin components of 
representatives of the family Cupresaceae, to which 
Araucaria belongs. In the Mediterranean region, 
many Cupressaceous plants are widespread, such as 
Cupressus sempervirens (Italian cypress) and 
Juniperus phoeniciana (Phoenician juniper); both 
grow on Sicily. One of them might be the plant 
source of the analyzed samples, which should be the 
subject of further investigations. 
 
Recently, several publications appeared on the 
chemical composition of Turkish propolis and it was 
demonstrated that a significant number of Turkish 
samples originated from Populus nigra [44, 45]. In 
some regions, however, the participation of some 
other plants has been suggested because of the 
presence of some specific taxonomic markers [46]. In 
a sample from Artvin (Eastern Anatolia), a series of 
glycerides of p-coumaric, ferulic and caffeic acid 
were identified. This chemical composition has been 
found to be characteristic of the bud exudate of 
Populus euphratica, one of the poplar species 
growing in Turkey [47]. Obviously, in the region of 
Artvin, P. euphratica was the main source plant for 
propolis collection. In another Turkish sample, 
originating from Southern Anatolia (Adana), together 
with the typical poplar phenolics, some diterpenic 
acids were present, which most probably do not come 
from poplar buds, and a mixed origin was proposed 
for this specimen [47]. The second source plant 
remained unknown. 
 
Other subtropical samples of non-poplar origin, for 
which the source plant remains unknown, have 
recently been studied in Greece [48]. In these 
samples, some labdane diterpenes (including 
cupressic and isocupressic acids) and prenylated 
derivatives of pinocembrin and pinostrobin were 
identified. The presence of the diterpenes led the 
authors to the conclusion that Coniferae trees play a 
significant role as propolis sources. On the other 
hand, the presence of prenylpinocembrin and 
prenylpinobanksin, earlier identified in buds of 
Platanus acerifolia, raises the question of the 
participation of this plant in propolis of Greek origin.  
 

Propolis plant sources in subarctic regions 

The fact that in the northern parts of Russia, from the 
region where poplars do not grow, birch buds (Betula 
verrucosa) supply bees with resin for propolis 
production [13] has been known for over 30 years. 
However, other subarctic regions have only recently 
been studied in this respect. Propolis from Canadian 
boreal (Richmond) and Pacific coastal forests 
(Victoria) was investigated [49] that lay outside       
the area of distribution of P. nigra. In the sample 
from Victoria, p-hydroxyacetophenone, benzyl 
hydroxybenzoate and cinnamic acid were the major 
components, accompanied by significant amounts of 
dihydrochalcones, not characteristic of P. nigra, 
which allowed the identification of its plant source as 
Populus trichocarpa, Section Tacamahaca. The 
sample from Richmond was characterized by large 
amounts of p-coumaric and cinnamic acid, typical for 
poplars of Section Leuce, subsection Trepidae. The 
plant source of the Richmond sample was identified 
as P. tremuloides. Both samples showed good radical 
scavenging activity against DPPH. Obviously, 
Northern type propolis is a promising potential 
source of biologically active substances and deserves 
further investigation. 
 

Concluding remarks 

In the last years, the number of propolis plant 
sources, positively identified by chemical analysis, 
has grown rapidly. It is important to note that the 
ultimate proof that a particular plant is the source of 
bee glue should be a combination of meticulous and 
well documented bee behavior observations, and 
comparative chemical analysis of propolis and plant 
material, as demonstrated by the works of Kumazawa 
et al. [23] and Weinstein Teixeira et al. [24]. 
 
An important item connected to propolis origin is the 
leads provided to phytochemists by bees. Propolis 
research has resulted in the revealing of  
pharmacological properties of substances previously 
know as plant secondary metabolites, but never 
evaluated before, and to the discovery of many 
valuable plant substances that otherwise would 
hardly be found. Obviously, the search for plants 
used by bees for propolis collection in tropical, 
subtropical and even northern regions has the 
potential to uncover new biologically active 
compounds with important pharmacological effects. 
It is also of importance for better understanding of 
bee behavior and the interaction between bees and 
plants.  
 
 



Developments in research on propolis plant sources Natural Product Communications Vol. 1 (11) 2006 1027 

 

References 

[1]  Crane E. (1988) Beekeeping: Science, Practice and World Resources. Heinemann, London, UK. 
[2] Salatino A, Weinstein Teixeira E, Negri G, Message D. (2005) Origin and chemical variation of Brazilian propolis. Evidence-based 

Complementary and Alternative Medicine, 2, 33-38. 
[3]  Popravko SA. (1978) Chemical composition of propolis, its origin and standardization, In: A Remarkable Hive Product: 

PROPOLIS, Apimondia Publ. House, Bucharest, 15-18. 
[4]  Lavie P. (1976) The relationship between propolis, poplar buds (Populus spp.) and castor. Proceedings of the XXV International 

Congress of Apimondia. (Grenoble 1975), Apimondia Publ. House, Bucharest, 227-231 (in Russian). 
[5]  Bankova V, Kuleva L. (1989) Phenolic compounds of propolis from different regions of Bulgaria. Animal Sciences, 26, 94-98 (in 

Bulgarian). 
[6]  Greenaway W, Scaysbrook T, Whatley FR. (1987) The analysis of bud exudate of Populus x euramericana, and of propolis, by gas 

chromatography-mass spectrometry. Proceedings of the Royal Society London, B232, 249-272. 
[7]  Nagy E, Papay V, Litkei G, Dinya Z. (1986) Investigation of the chemical constituents, particularly the flavonoid components, of 

propolis and Populi gemma by the GC/MS method. Studies in Organic Chemistry (Amsterdam), 23, 223-232. 
[8]  Tamas M, Marinescu I, Ionescu F. (1979) Flavonoidele din muguri de plop. Studii Cerceti Biochimia, 22, 207-213. 
[9]  Garcia-Viguera C, Ferreres F, Tomas-Barberan FA. (1993) Study of Canadian propolis by GC-MS and HPLC. Zeitschrift für 

Naturforschung, 48c, 731-735. 
[10]  Wollenweber E, Buchmann SL. (1997) Feral honey bees in the Sonoran Desert: propolis sources other than poplar (Populus spp.). 

Zeitschrift für Naturforschung, 52c, 530-535. 
[11]  Bankova V, Dyulgerov A, Popov S, Evstatieva L, Kuleva L, Pureb O, Zamjansan Z. (1992) Propolis produced in Bulgaria and 

Mongolia: phenolic composition and plant origin. Apidologie, 23, 79-85. 
[12]  Chi J, Xue B, Chen H. (1996) The chemical constituents of flavonoids from Liaoxi propolis. Zhangguo Yaoxue Zazhi, 31, 264-266 

(in Chinese) 
[13]  Popravko SA, Sokolov MV. (1980) Plant sources of propolis. Pchelovodstvo, 28-29 (in Russian). 
[14]  Bankova V, Boudourova-Krasteva G, Sforcin JM, Frete X, Kujumgiev A, Maimoni-Rodella R, Popov S. (1999) Phytochemical 

evidence for the plant origin of Brazilian propolis from Sao Paulo state. Zeitschrift für Naturforschung, 54c, 401-405. 
[15] Montenegro G, Mojica AM, Peña RC, Gomez M, Serey I, Timmermann BN. (2004) Similitude patterns and botanical origin of the 

Chilean propolis. ΦYTON, 53, 145-154. 
[16]  Bankova V, Marcucci MC. (2000) Standardization of propolis: Present status and perspectives. Bee World, 81, 182 – 188. 
[17]  Koenig B. (1985) Plant sources of propolis. Bee world, 66, 136-139. 
[18]  Bankova V, de Castro SL, Marcucci MC. (2000) Propolis: recent advances in chemistry and plant origin. Apidologie, 31, 3-15. 
[19]  Park YK, Alencar SM, Aguiar CL. (2002) Botanical origin and chemical composition of Brazilian propolis. Journal of Agricultural 

and Food Chemistry, 50, 2502-2506. 
[20]  Boudourova-Krasteva G, Bankova V, Sforcin JM, Nikolova N, Popov S. (1997) Phenolics from Brazilian propolis. Zeitschrift für 

Naturforschung, 52c, 676-679. 
[21]  Banskota AH, Tezuka Y, Prasain JK, Matsushige K, Saiki I, Kadota S. (1998) Chemical constituents of Brazilian propolis and their 

cytotoxic activities. Journal of Natural Products, 61, 896-900. 
[22]  Tazawa S, Warashina T, Noro, T, Miyase T. (1998) Studies on the constituents of Brazilian propolis. Chemical and 

Pharmaceutical Bulletin, 46, 1477-1479. 
[23]  Kumazawa S, Yoneda M, Shibata I, Kanaeda J, Hamasaka T, Nakayama T. (2003) Direct evidence for the plant origin of Brazilian 

propolis by the observation of honeybee behavior and phytochemical analysis. Chemical and Pharmaceutical Bulletin, 51, 740-
742. 

[24]  Weinstein Teixeira ÉW, Negri G, Meira RMSA, Message D, Salatino A. (2005) Plant origin of green propolis: Bee behavior, plant 
anatomy and chemistry. Evidence-based Complementary and Alternative Medicine, 2, 85-92. 

[25]  Alencar SM, Park YK, Aguiar CL, Mariuzzo DM. (2001) Evidências fitoquímicas da própolis da região de mata atlântica do estado 
da Bahia. Tecbahia Revista Baiana De Tecnologia, 16, 154-160.  

[26]  Da Silva MDSS, Citó AMDGL, Chaves MH, Lopes JAD. (2005) Triterpenóides tipo cicloartano de própolis de Teresina – PI. 
Quimica Nova, 28, 801-804. 

[27]  Lokvam J, Braddock JF. (1999) Anti-bacterial function in the sexually dimorphic pollinator rewards of Clusia grandiflora 
(Clusiaceae). Oecologia, 119, 534-540. 

[28] Tomás-Barberán FA, García-Viguera C, Vit-Olivier P, Ferreres F, Tomás-Lorente F. (1993) Phytochemical evidence for the 
botanical origin of tropical propolis from Venezuela. Phytochemistry, 34, 191-196.  



1028  Natural Product Communications Vol. 1 (11) 2006 Bankova et al. 

[29]  Trusheva B, Popova M, Naydenski H, Tsvetkova I, Rodriguez JG, Bankova V. (2004) New polyisoprenylated benzophenones from 
Venezuelan propolis. Fitoterapia, 75, 683-689. 

[30]  Cuesta-Rubio OC, Cuellar AC, Rojas N, Castro HV, Rastrelli L, Aquino R. (1999) A polyisoprenylated benzophenone from Cuban 
propolis. Journal of Natural Products, 62, 1013-1015. 

[31]  Márquez Hernández I, Campo Fernandez M, Cuesta-Rubio O, Piccinelli AL, Rastrelli L. (2005) Polyprenylated benzophenone 
derivatives from Cuban propolis.  Journal of Natural Products, 68, 931-934. 

[32]  Piccinelli AL, Fernandez MC, Cuesta-Rubio O, Hernández IM, De Simone F, Rastrelli L. (2005) Isoflavonoids isolated from 
Cuban propolis. Journal of Agricultural and Food Chemistry, 53, 9010-9016. 

[33]  Trusheva B, Popova M, Bankova V, Simova S, Marcucci MC, Miorin PL, da Rocha Pasin F, Tsvetkova I. (2006). Bioactive 
constituents of Brazilian red propolis. Evidence-based Complementary and Alternative Medicine, 3, 249-254. 

[34]  Mackova Z, Koblovska R, Lapcik O. (2006) Distribution of isoflavonoids in non-leguminous taxa – An update. Phytochemistry, 
67, 849-855. 

[35]  Popova M, Bankova V, Chimov A, Vides MS. (2002) A scientific note on the high toxicity of propolis that comes from Myroxilon 
balsamum trees. Apidologie, 33, 87-88. 

[36]  Ahn M-R, Kumazawa S, Hamasaka T, Bang K-S, Nakayama T. (2004) Antioxidant activity and constituents of propolis collected 
in various areas of Korea. Journal of Agricultural and Food Chemistry, 52, 7286-7292. 

[37]  Hamasaka T, Kumazawa S, Fujimoto T, Nakayama T. (2004) Antioxidant activity and constituents of propolis collected in various 
areas of Japan. Food Science Technology Research, 10, 86-92. 

[38]  Awale S, Shrestha SP, Tezuka Y, Ueda J-Y, Matsushige K, Kadota S. (2005) Neoflavonoids and related constituents from 
Nepalese propolis and their nitric oxide production inhibitory activity. Journal of Natural Products, 68, 858-864. 

[39]  Kumazawa S, Goto H, Hamasaka T, Fukumoto S, Fujimoto T, Nakayama T. (2004) A new prenylated flavonoid from propolis 
collected in Okinawa, Japan. Bioscience, Biotechnology and Biochemistry, 68, 260-262. 

[40]  Chen C-N, Wu C-L, Shy H-S, Lin J-K. (2003) Cytotoxic prenylflavanones from Taiwanese propolis. Journal of Natural Products, 
66, 503-506. 

[41]  Chen C-N, Wu C-L, Lin J-K. (2004) Propolin C from propolis induces apoptosis through activating caspases, Bid and cytochrome 
C release in human melanoma cells. Biochemical Pharmacology, 67, 53-66  

[42]  Yakushijin K, Shibayama K, Murata H, Furukawa H. (1980) New prenylflavanones from Hernandia nymphaefolia (Presl) 
Kubitzki. Heterocycles, 14, 397-402. 

[43]  Trusheva B, Popova M, Bankova V, Tsvetkova I, Naydensky C, Sabatini AG. (2003) A new type of European propolis, containing 
bioactive labdanes. Rivista Italiana Essence, Profumi, Piante Officinali, Aromi, Saponi, 36, 3-7. 

[44]  Velikova M, Bankova V, Sorkun K, Houcine S, Tsvetkova I, Kujumgiev A. (2000) Propolis from the Mediterranean region: 
chemical composition and antimicrobial activity. Zeitschrift für Naturforschung, 55c, 790-793. 

[45]  Velikova M, Bankova V, Sorkun K, Popov S, Kujumgiev A. (2001) Chemical composition and biological activity of propolis from 
Turkish and Bulgarian origin. Mellifera, 1, 57-59. 

[46]  Bankova V. (2005) Recent trends and important developments in propolis research. Evidence Based Complementary and 
Alternative Medicine, 2, 29-32. 

[47]  Greenaway W, Gümüsdere I, Whatley FR. (1991) Analysis of phenolics of bud exudate of Populus euphratica by GC-MS. 
Phytochemistry, 30, 1883-1885. 

[48]  Melliou E, Chinou I. (2004) Chemical analysis and antimicrobial activity of Greek propolis. Planta Medica, 70, 515-519. 
[49]  Christov R, Trusheva B, Popova M, Bankova V, Bertrand M. (2005) Chemical composition of propolis from Canada, its antiradical 

activity and plant origin. Natural Product Research, 19, 673-678. 

View publication stats

https://www.researchgate.net/publication/267031234



