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ABSTRACT

In this research, five propolis samples collected from Turkey were investigated to observe the correlation between botanical
sources and chemical contents of the samples and in this way emphasize the influence of botanical sources of propolis on
its chemical characterization. As a first step, to determine the botanical sources of the samples, microscopic analysis was
performed. According to the microscopic analysis results; two samples that were collected from Rize (P1 and P2}, were char-
acterized as most probably being chesnut propolis; while one sample collected from Tekirdag (P3) was evaluated as being
a mixed type, in the other Tekirdag sample (P4), the pollens belonging to the taxa of the Brassicaceae family were found as
dominant. The sample collected from Sivas (P5); was also recognized as mixed type. The second step of the research was the
chemical analyses of the propolis samples. According to the results; the balsamic contents of the propolis samples ranged
between 59.97 and 83.31%, total phenolic contents were ranged between 27.56+0.05 and 171.93+0.28 mgGAE/g. The minimum
flavone and flavonol content of 0.28+0.01% was found in the P1 sample described as chesnut propolis and colected from Rize.
The maximum value 5.1+0.07% was found in the P4 sample as was total phenolic content. Flavanones and Dihydroflavonols
contents varied between 6.58+0.009-12.94+0.007%. According to the GC-MS results the investigated samples contained com-
pounds belonging to the various groups. With regard to the Excel correllation, the balsamic content showed a negative cor-
relation with total phenolic content, flavone and flavonol content, flavanones and dihydroflavonols content.
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INTRODUCTION

The increasing attention on natural products and alternative medicines has elevated the interest in bee products such as honey,
royal jelly, pollen and propolis (Daleprane et al,, 2013).

Propolis is a natural material that is collected by honeybees from the buds and exudates of trees and plants. It has been used
in folk medicines in many regions of the world since ancient times (Jun, 2006). Honeybees enrich this material with their saliva
and secretions and it is used in their hives for various purposes such as construction, adaptation, and protection (Daleprane et
al. 2013).

The physically, propolis is a sticky, dark-colored material. Its colour varies from yellow-green to dark brown depending on its bo-
tanical source and its freshness. It is hard and fragile when it is taken from the refrigirator, but becomes soft and very sticky when
it is at room temperature (Ghisalberti 1979).
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The major plant sources of propolis are poplar, birches, wil-
lows, chesnut, elms, pine trees, oaks, spruces and ashes (Bon-
vehi et al. 1994).

The chemical composition of propolis depends on the bo-
tanical source. However, despite the differantion of the bo-
tanical sources, propolis samples generally share many simi-
larities in their overall composition, (Daleprane and Abdalla
2013). Generally, it is composed of 50% resin, 30% wax, 10%
essential and aromatic oils, 5% pollen and 5% other substanc-
es, including organic remains (Burdock 1998). The chemical
compounds in propolis resin (raw propolis) are sourced from:
plant exudate collected by bees, from bee metabolism, and
materials which are introduced during propolis elaboration
(Marcucci 1995).

Propolis contains polyphenals, terpenoids, steroids and amino
acids (Daleprane and Abdalla, 2013). Flavonoids are the major
group identified in propolis extract and which are ever-present
in the plant kingdom (Burdock 1998). The pharmacological
and antioxidant activities of propolis may be caused by flavo-
noids (Bonvehi et al. 1994).

Owing to their geographical divergences, propolis sam-
ples from Europe, South America and Asia have different
chemical compositions. While propolis from Europe and
China contains mostly flavonoids and phenolic acid esters,
the major components in Brazilian propolis are terpenoids
and prenylated derivatives of p-coumaric acids (Kumazawa
et al. 2004).

Propolis has therapeutic activities and may have uses in the
pharmaceutical and food processing industries. It exhibits
many biological activities; immunomodulatory, antibacterial,
fungicidal, anti-inflammatory, healing, analgesic/anesthetic,
and anticarcinogenic effects (Daleprane and Abdalla 2013).
Although it has a wide range of biological activities, there are
no standards for its extraction procedure or its composition
(Cunha et al. 2004).

The efficiency of propolis in therapeutics is related with its col-
lection conditions and other parameters like microscopical,
chemical and microbiological. The broad variableness in the
chemical content of propolis makes these controls more nec-
essary (Woisky and Salatino 1998).

The quality of propolis is related with its chemical composi-
tion and botanical source. The botanical, geographical origin
and climatic conditions mostly affect the phenollic contents
of the propolis. So, the description and quantification of the
phenolics of propolis are important for detecting its quality
(Gomez-Carvaca et al. 2006).

In this research we determined botanical origin, the total phe-
nolic content, flavone/flavonol and flavanones/dihydroflavo-
nols contents of five propolis samples to reflect the correlation
between the botanical source and chemical contents of the
propolis. Also the samples were compared in terms of their
volatile compound contents according to the GC-MS analysis
results.

MATERIALS AND METHODS

Sample collection

Propolis samples were collected from Rize (Black Sea Region-
European-Siberian Phytogeographical Region-P1, P2), Tekirdag
(Thracian Region of Turkey- European-Siberian Phytogeo-
graphical Region-sample P3, P4), Sivas (East Anatolia Region-
Irano-Turanian Phytogeographical Region-P5) in the fall season
of 2016 (Table 1). The samples were collected from the edges
of beehives with a spatula by local beekepers.

Microscopic analysis of propolis samples

For microscopic analysis the samples were prepared according
to the method of Warakomska and Maciejewicz (1992) with
some modifications.

The propolis samples were ground to a powder and this was
added to the mixture of ethanol-chloroform-acetone (1:1:1)
and vortexed. After this process, it was filtered and centri-
fuged at 3500-4000 rpm for 20 min. Then, the supernatant was
poured. The slides were prepared from the sediment using
glycerin gelatin.

Propolis extraction
The extraction procedure was carried out following Popova et
al. (2007).

Balsamic content

From each crude sample, three ethanolic extracts were pre-
pared. Two ml of each extract were evaporated and the bal-
samic contents were calculated according to the weight of the
dry residues (Popova et al. 2007).

Estimation of total polyphenol content by the Folin-Cio-
calteu Colorimetric Method

The total polyphenol content of EEP was determined using
the Folin-Ciocalteu colourimetric method (Slinkard and Single-
ton 1977). Gallic acid was used as standard compound and the
results were given as mg gallic acid equivalents (GAE) in g of
propolis extract.

Determination of flavone and flavonol content by UV-
Vis Spectrophotometer

Flavone and flavonol content were determined according to Pop-
ova et al (2007). Quercetin was used as a reference compound.

Determination of flavanone and dihydroflavonol con-
tent by UV-Vis Spectrophotometer

TmL of the the ethanolic propolis extract and 2 mL of DNP
(24-dinitrophenylhydrazine) were mixed and then diluted in

Table 1. Symbols, locations and collection dates of
propolis samples

Sample no Location Collection dates
P1 Rize Fall-2016
P2 Rize Fall-2016
P3 Tekirdag Fall-2016
P4 Tekirdag Fall-2016
P5 Sivas Fall-2016
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Table 2. Pollen types recorded from the propolis samples and their frequency

Sample No
Plant family

Apiaceae
Asteraceae

Berberidaceae

Betulaceae

Boraginaceae

Brassicaceae
Caryophyllaceae
Chenopodiaceae
cistaceae
Dipsecaeea
Ericaceae
Fabaceae

Fagaceae

Geraniaceae

Lamiacaea

Liliaceae
Pinaceae
Platanaceae
Poaceae
Plantaginacae
Rosaceae
Salicaceae

Solanaceae

Plant taxa P1
R
R
Centaurea spp. R

Helianthus annus
Taraxacum spp.

Xanthium spp.

Carpinus spp.
Corylus spp.

Anchusa spp.
Echium spp.

Heliotropium spp.

Scabiosa spp.

Lathyrus spp.

Lotus spp.

Medicago spp.

Onobrychis spp.

Trifolium spp.

Vicia spp.

Castaneae sativa D

Quercus spp.

Thymus spp.

Teucrium spp.

Platanus spp.

Plantago spp.

Populus spp.
Salix spp. R

P2 P3 P4 P5
R R R s
R M M
R R
M
R R
R R R
M
R R R M
R
R
R
R
R
R
R s D M
R
R R
R
R
R R R M
R M M
R
R M
R R
R R M
R R R
R R
D M
R
R R
R R
R
R
R R R
R R R M
R
R R M
R
R R M
R R M
s M M
R

*Pollen types recorded from the propolis samples and their frequency (D: dominant: >=45%, S: secondary: 16-44%, M: minor: 3-15%: R: rare

<3%).

100 mL of methanol. The solution was heated at 50 °C for 50
min. The solution was diluted with 10% KOH. 10 mL methanol
was added to the solution and again diluted to 25 mL with

methanol. Naringenin was used as a reference compound.

Chemical analysis of the propolis samples by GC-MS

A GC6890N instrument coupled with a mass detector (MS5973;
Agilent) was used for analysis of the volatile compounds in the
propolis samples. A DB 5MS column (30 m x 0.25 mm, 0.25
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Table 3. Balsamic contents (%) and concentration of polyphenols (total phenols, flavones and flavonols;
flavanones and dihydroflavonols) in propolis extracts

Propolis Balsamic Total phenolic content
sample content (%) (mgGAE/gEEP)

P1 59.97 36.360,14

P2 83.31 27.56+0.05

P3 29.15 144.03+0.32

P4 41.15 171.93+0.28

P5 70.47 28.7+0.14

Flavanones and
Dihydroflavonols (%)

Flavone and Flavonol
Content (%)

Table 4. The identified compound groups from the propolis samples by GC-MS analysis

Compounds P1
Alcohols 9.45
Aldehydes 5.46
Aliphatic acids and their esters 2.03
Carboxylic acids and their esters 32.97
Flavonoids 8.66
Hydrocarbons 3.42
Ketones

Cinnamic acids and their esters -
Terpenes 2.62

um film thickness) was used and Helium for the mobile phase.
The compounds were identified in Wiley's NIST Mass Spectral
Library (Gencgay and Salih 2005).

RESULTS

Microscopic analysis results

According to the microscopic analysis results, the P1 and P2
samples were characterized as chesnut propolis, P3 as a mixed
type containing Brassicaceae and Salix spp. pollens in remark-
able ratios and these pollens were defined as secondary. The
P4 sample contained pollen belonging to the Brassicaceae
family in a dominant ratio (Table 2). The P5 sample could also
be characterized as a mixed type.

The microscopic analysis results show the possible botanical
sources of the propolis samples and also reflects the geo-
graphical source of the areas where the propolis was collected.

Chemical analysis results

The balsamic contents of the propolis samples varied between
29.15-83.31% (Table 3). The maximum value belonged to the
P2 sample collected from Rize and characterized as chesnut
propolis.

The total phenolic contents of the samples ranged between
27.5640.05 and 171.93+0.28 mgGAE/gEEP (Table 3). The mini-
mum value was found in the chesnut sample (P2) collected
from Rize and the maximum value (171.93+£0.28 mgGAE/gEEP)
was found in the P4 sample that was mostly sourced from
plants belonging to the Brassicaceae family.

The minimum flavone and flavonol content of 0.284+0.01% was
found in the P1 sample described as chesnut propolis and col-

0.28+0.01 9.21:0.01

0.310.01 6.58+0.009

4.6+0.03 10.5410.005

5.1£0.07 12.82+0.01

4.43+0.03 12.940.007

P2 P3 P4 P5
11.27 3.64 9.49 6.42
3.67 0.06 0.77 0.79
3.04 2.38 7.89 8.69

0.98 3.28 1.1 -
5,78 34.87 32.38 47.03
2.63 - 0.37 0.42

0.36 0.54 - -
- - 5.76 3.51
0.16 119 0.65 0.44

ected from Rize. The maximum value (5.1+£0.07%) was found in
P4 sample as was the total phenolic content (Table 3).

The flavanones and dihydroflavonols contents changed be-
tween 6.58+0.009-12.94+0.007% (Table 3). The minimum val-
ue was found in the P2 sample and the maximum value was
found in the P5 sample.

According to the C-MS analysis results, the five propolis sam-
ples investigated contained compounds belonging to the al-
cohols, aldehydes, aliphatic acids and their esters, carboxylic
acids and their esters, flavonoids, hydrocarbons, ketones, cin-
namic acids and their esters, and terpens groups (Table 4).

With respect to the volatile compound analysis results it is ap-
peared that the P5 sample had the highest flavonoid content
(47.03%) and was characterized as a mixed type propolis. The
P3 and P4 samples also had considerably high flavonoid con-
tents (34.87%-32.38%) with Brassicaceae pollen in secondary
ratios. Moreover, the P1 and P2 samples characterized as ches-
nut propolis had a lower flavonoid content.

DISCUSSION

The determination of the plant taxa of pollen occuring in prop-
olis samples, gives information about the vegetation surround-
ing the beehive and also the geographical region where the
propolis was gathered (Barth 1998).

The research related with Turkish propolis is generally about
its chemical characterization or usage areas. The number of
investigations into propolis pollen analysis is very limited not
justinTurkey but also in the world. Gengay (2004) investigated
the botanical sources of Erzincan propolis located in the Irano-
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Turanian Phytogeographic Region. They found mostly the taxa
belong to the Apiaceae, Asteraceae, Campanulaceae, Faba-
ceae, Fagaceae, Lamiaceae, Liliaceae, Pinaceae, Rhamnaceae,
Rosaceae, Salicaeae, Scrophulariaceae families as souces of Er-
zincan propolis. They also found the Salix spp. pollen in their in-
vestigated propolis samples. We found Salix spp. pollen in four
of the five samples (P1, P3, P4, P5) and of these, the Tekirdag
sample (P3) contained Salix spp. pollen in secondary ratios.

Celemli and Sorkun (2012) determined the botanical choices
made by honeybees when collecting propolis in Tekirdag by
microscopic analysis and the results show that plants which
belonged to the Asteraceae, Boraginaceae, Brassicaceae, Faba-
ceae and Salicaceae families were the plants of choice. These
results are similiar to our findings.

Also on a global level, the palynological research into propolis
is very limited. Barth (1998), analysed Brazilian propolis sam-
ples according to their pollen contents and found Eucalyptus
spp., Eupatorium spp. and Mimosa caesalpiniaefolia pollens
with dominant ratios in some of the investigated samples.

The percentage balsamic content is extremely important for
propolis because if the amount of balsam is high, the wax
content will be low. A high balsam content causes a higher
amount of biologically active components. Popova et al. (2007)
investigated some poplar propolis. They found the minimum
balsamic content value as 18%, maximum value 82% and
mean value 57%.

We found the minimum balsamic content value in the P3
sample (29.15%) and the maximum in the P2 sample (83.31%).
According to the Excel correllation; the balsamic content re-
sults had a negative correllation with total phenolic (MgGAE/
gEEP), Flavone and Flavonol , Flavanones and Dihydroflavonols
contents.

Many compounds that are isolated from propolis as phenolics
have important protective effects against oxidation reactions.
Flavones, coumarines and other phenolics have a reducing ac-
tivity, hydrogen donors and metal chelating properties.(Gulgin
etal. 2010).

Bankova (2005) proposed that the total phenolics amounts
are related with biological activity and are more informative
that the quantification of individual components. It means that
calculating the amounts of active compound groups is more
effective than determining individual components.

As given in Table 3, the total phenolic compound of the inves-
tigated samples varies between 27.56+0.05 and 171.93+0.28
mgGAE/gEEP. According to our results the P1, P2, and P5 sam-
ples have lower total phenolic contents compared to the other
two samples. The P1 and P2 samples were identified as ches-
nut propolis and P5 as a mixed type. The highest total phe-
nolic content (171.93+0.28 mgGAE/gEEP) belonged to the P4
sample. Its possible botanical origin is observed as the taxa be-
longing to the Brassicaceae family and Salix spp. in particular.

Popova et al. (2005) studied the total Phenolic contents of
some propolis from Turkey (Yozgat, izmir, Kayseri, Adana, Er-

and the biologically active compounds of propolis

zurum and Artvin). The Yozgat , izmir ve Kayseri samples de-
scribed as typical poplar samples displayed very similiar phe-
nolic and flavonoid content. The Adana, Erzurum and Artvin
samples were characterized by low phenolic and very low fla-
vonoid concentrations. Total phenolic contents were found as
26.4%, 30.4%, 27.5%, 8.2%, 10.5% and 14.5% respectively. These
results are lower than ours. In further research concerning
Turkish propolis Gulcin et al,, (2010) found the total phenolic
content of lyophilized aqueous extract of propolis from the
Erzurum province of Turkey to be 124.3 ug (GAE)/g (LAEP).

Moreira et al. (2008) investigated the total phenolic content
of one propolis type that contains 45% Castanea sativa pollen
and found it to be 329 mgGAE/g. Yet in our samples that con-
tain Castane sativa pollen in dominant ratios, there was a lower
total phenolic content (27.56+0.05 and 36.6+0.14 mgGAE/g).

According to previous global research, the total phenolic
contents of propolis from different countries can be summa-
rized as: Argentina (187-212+9.2 mg/g), Australia (269+16.3
mg/g), Brazil (8.8-299 mg/q), Bulgaria (220+£2.5 mag/qg),
Chile (210+£11.1 mg/g), China (23.20-302+4.3 mg/q), Cyprus
(85.7+5.1-100.4+7.2 mgCAE/q), Greece ( 146.2+£7.2-338.5+13.2
mgCAE/g), Greek islands (80.2+3.2-146.2+10.2 mgCAE/qg),
Hungary (242402 mg/qg), India (159.10+0.26 mg/g), Iran
(3.08 and 36%.), Korea (160.6+2.4-307.24+5.3 mg/q), New Zea-
land (237£6 mg/q), Portugal (151+£0.01-329mg/qg), South
Africa (99.5+4.4 mg/g), Taiwan (210+20-335mgCE/g), Thai-
land (31.2+0.7 mg/q), Ukraine (255+7.4 mg/g), United States
(256+15.7 mg/q), Uruguay (18.7- 18748.5) mg/g) and Uz-
bekistan (174+6.7 mg/g) (Ahn et al. 2007, Bonvehi et al.1994,
Chen et al. 2004, Choi et al. 2006, Choi et al. 2013, Cottica e al.
2011, Daleprane and Abdalla 2013, Kalogeropoulos et al. 2009,
Kumazawa et al. 2004, Mohammadzadeh et al. 2007, Moreira
et al. 2008, Popova et al. 2004, Woisky and Salatino 1998, Yag-
houbi et al. 2007).

Popova et al (2007). analysed 114 poplar propolis samples and
they found a minimum phenolic value of 4.6% and maximum
46% with a mean value of 28%. They also they found an indica-
tive negative correlation between the total phenolics and the
MIC values.

Sarikaya et al. (2009) found the total phenolic contents of
two chesnut propolis samples to be 313+9.48 mg/g and
476+4.78mg/g. In comparison with these results, our total
phenolic results are too low for chesnut propolis samples (P1,
P2).

With regard to the Excel correlation, the total phenolic con-
tents had a positive corellation with flavone and flavonol con-
tent, flavanones and dihydroflavonols contents.

Colorimetric analysis is used for quantitative identification of
flavonoids in propolis. The aluminium chloride method is used
to calculate the flavone and flavonol content in propolis (Car-
avaca et al. 2006).

With regard to the spectrophotometric results , the flavone
and flavonol contents of the propolis samples varied between
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0.28+0.0.01 and 5.1+0.07 %. The P4 sample shows the maxi-
mum content for flavone and flavonol content as matching to-
tal phenolic content. The P1 and P2 samples show similarity in
their flavone and flavonol contents (0.28+0.01, 0.31+0.01%) as
well as their total phenolic contents. Although the P5 sample
had a lower total phenolic content compared to the P3 and
P4 samples, its flavone and flavonol content (4.43+0.03%) was
very similiar to the P3 and P4 samples.

Poplar-type propolis from numerous countries was analysed
by Popova et al. (2007) and they found the minimum fla-
vones and flavonols value to be 1.3% and the maxium value
to be 17.9%.

Popova et al. (2007) couldn't find any significant correlation
between total flavones/flavonols and MIC values. Popova et al.
(2005) studied flavone and flavonol contents of Yozgat, izmir,
Kayseri, Adana, Erzurum and Artvin samples. They found the
values to be 8.7%, 9.6%, 5.6%, 1.5%, 2.0% and 2.0% respectively.

Trusheva et al, (2007) determined the total amounts of ex-
tracted total flavones and flavonols according to the differ-
ent extraction methods . By maceration 72 h and with ratio
of propolis solvent (1:20) and (1:10) were analysed and total
flavones and flavonols were found as 8.6+0.1% and 8.8+0.1%
respectively. By ultrasound extraction the value of total pheno-
lics for 1:20 propolis/solvent 10 min was 9.4+0.2%, 1:20 propo-
lis/solvent 30 min 9.4+0.2 % and 1:20 propolis/solvent 30 min
8.6+0.1%. MAE (Microwave assayed extraction)results were
9.6+0.8% for 1:20 propolis/solvent 2x10s was 9.3+0.1%;1:10
propolis/solvent 2x10s was 8.7+0.1%; 1:10 propolis/solvent
3x10s was 10.7£1.7%.

With regard to the Excel correlation, flavone and flavonol con-
tent had a positive correllation with flavanones and dihydro-
flavonols content.

To quantify flavanones and dihydroflavonols the DNP method
was used. This is based upon the interaction of these com-
pounds with DNP in acidic media to form coloured phenylhy-
drazones. The sum of the flavone and flavonol- flavanones and
dihydroflavonols methods closely represents the real content
of total flavonoids (Gomez-Caravaca et al. 2006).

The flavanones and dihydroflavonols content of the in-
vestigated samples were found between 6.58+0.0009 and
12.94+0.007%. The P5 sample showed the highest content and
the P2 sample had the lowest content.

Popova et al. (2005) studied the flavanone and dihydroflavo-
nol contents of some Turkish propolis. They found the values
in the Yozgat sample was 6.0%, izmir 5.5%, Kayseri 4.8%, Adana
2.7%, Erzurum 1.5% and Artvin 3.0%. With respect to our results
these values are a bit lower.

In other research, Popova et al. (2007) found the flavanones
and dihydroflavonols content minimum value 1.5%, the maxi-
mum value 15.2% and the mean value 6% in poplar-type
propolis samples. Furthermore, they researched six propolis
samples (two from Bulgaria, Two from Italy and Two from Swit-
zerland) and they found the Flavanones and dihydroflavonols

values between 4.8 and 7.1 mg/mL (Popova et al. 2004). These
results are similiar to our results.

Kalogeropoulos et al. (2009) analysed 12 propolis samples
from Greece, the Greek islands and East Cyprus using GC-MS,
They found compounds belonging to the alcohols, aliphatic
acids, phenolic acids and esters, anthraquinones, flavonoids,
sugars and terpenes groups. The hignest ratios were observed
in flavonoids groups with a maximum value of 37.18%.

Popova et al, (2005) carried out qualitative analysis of some
Turkish propolis using GC-MS and found that the Adana sam-
ple contained diterpenic acids and a high amount of cinnamyl
cinnamate, the Erzurum sample had expressive amounts of
hydroxy fatty acids and triterpenic alcohols and the Artvin
sample had phenolic glycerides, indicative of the Populus eu-
phratica Oliv. bud exudates

Flavonoid compounds are more effective in the biological
activities of propolis (Maciejewicz et al. 2001). Of the in-
vestigated samples, P5 had the highest flavonoid content
(47.03%). Acccording to the microscopic analysis results for
the P5 sample, it was observed as a mixed type propolis .
The P4 sample had a content of flavonoids with a ratio of
34.87% and was sourced mostly from plants belonging to
the Brassicaceae family. The P3 sample had a 34.87 flavo-
noid content, that was mostly sourced from plants belong
to the Brassicaceae family and Salix xpp.. The two chestnut
propolis samples (P1 and P2) had lower flavonoid contents
and total phenolic, flavone-flavonol and flavanones-dihy-
droflavonols contents.

Maciejewicz et al. (2001) investigated five propolis samples
from Poland and identified pinostrobin chalcone, pinocem-
brin, tetrochrysin, chrysin, galangin, 5-Hydroxy-4,7-dimethoxy-
flavone, pilloin and apigenin using GC-MS.

According to the literature the most commonly identified fla-
vonoids in different propolis samples from the various coun-
tries were pinocembrin, tetrochrysin, chrysin, and galangin.
The occurence of pilloin in propolis was reported firstly by Ma-
ciejewicz et al,, (2001). Similiar to previous research, we found
chrysin, tetrochrysin, pinostrobin and chalcone in the investi-
gated samples.

CONCLUSION

The results obtained in our work allow a preliminary pollen
characterization of Turkish propolis and its correlation with
the content of biologically active compounds. It is observed
that the balsamic content has no positive correllation with to-
tal phenolic, flavone-flavonol and flavanones-dihydroflavonols
contents, but total phenolic contents have a positive corella-
tion with flavone and flavonol content, flavanones and dihy-
droflavonols contents.

Total phenolic and flavone-flavonol contents were found high-
est in the sample that sourced from the taxa belonging to the
Brassicaceae family, this was contrary to common belief as the
chesnut propolis has higher phenolic contents.
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Through this research, we determined the possible botanical
sources, geographical origins and their influence on the chem-
ical characterization of propolis samples. These results can be
helpful for further research. To reach certain botanical sources
and characterize propolis on a regional base, more samples are
necesary for investigation.
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