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Abstract
Propolis is used as a constituent in over-the-counter preparations, food additives, cosmetics, etc. Bulgarian and Macedonian propolis
samples were analyzed by gas chromatography – mass spectrometry (GC-MS) of ethanol extracts after silylation, in order to determine
the presence of bioactive substances with antimicrobial and antioxidant activity and their chemical profiles were compared. Bulgarian
and Macedonian propolis demonstrate very similar chemical profiles and belong to the Poplar type propolis, which has wellcharacterized qualitative composition and high content of bioactive substances. These results allow the standardization of Macedonian
propolis to be approached on the basis of the recommendations by the International Honey Commission for poplar propolis.
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Introduction
North Macedonia and Bulgaria have a long history of
production and use of bee products, dating back to the 1
Millennium BC. Propolis is one of the most popular bee
products, used by traditional and modern medicine in
prophylactics and treatments of numerous diseases.
Propolis is collected by bees from tree excretions and
possesses antibacterial, antifungal and antiviral properties
and many other beneficial pharmacological activities
(Sforcin and Bankova, 2014). It is one of the most popular
home-made remedies in the Balkan countries
(Wollenweber et al., 1990), but is also used as a
constituent in over-the-counter preparations, food
additives, health foods, as preservative in foods and
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cosmetics etc. (Bankova et al., 2016). The chemical
composition of propolis is determined by the source plant
and varies significantly in different geographic regions.
The knowledge of the chemical composition, the presence
of bioactive components and plant origin of propolis is a
basic prerequisite for its chemical standardization
(Bankova, 2005).
The aim of the present study is to characterize and
compare the chemical composition of propolis from
Bulgaria and North Macedonia, and to determine the
presence of biologically active substances with
antimicrobial and antioxidant activity, having the
potential to improve human health. For this purpose, we
used GC-MS, a well-established technique for chemical
profiling of propolis (Bankova et al., 2019).
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Material and methods
Propolis
Propolis was supplied by beekeepers in July-August
2017, from the regions of Lovetch (BG-1), Elena (BG-2),
and Strandzha Mountain (BG-3) in Bulgaria, and Vodno
Mountain near Skopje (MK-1), Delchevo (MK-2), and
Kriva Palanka (MK-3) in North Macedonia.
Extraction and sample preparation
Frozen propolis (freezer) was grated and 1 g was
dissolved in 30 mL 70% ethanol in a 100 mL flask and left
for 24 h at room temperature. The extract was filtered and
the extraction was repeated. The two extracts were
combined and evaporated to dryness. 5 mg of the propolis
dry extract was dissolved in 50 μL of dry (water-free)
pyridine,
and
75
μL
of
bis(trimethylsilyl)trifluoroacetamide (BSTFA) were added. The mixture was
heated at 80 °C for 20 min and analyzed by GC-MS.
GC-MS analysis
The silylated samples were analyzed by GC-MS with
a Hewlett–Packard gas chromatograph 5890 series II Plus,
linked to a Hewlett–Packard 5972 mass spectrometer
system equipped with a 30 m long, 0.25 mm i.d. and 0.5
μm film thickness HP5-MS capillary column. The
temperature was programmed from 60 to 300 °C at a rate
of 5 °C/min, and a 10 min hold at 300 °C. Helium was
used as a carrier gas at a flow rate of 0.8 mL/min. The
split ratio was 1:10, the injector temperature 280 °C, the
interface temperature 300 °C and the ionization voltage 70
eV. Identification of the compounds was performed using
comparison of mass spectra and retention times of
reference compounds (21 compounds), and the rest was
tentatively identified using their mass spectra and
retention time analysis. The semi-quantification was
carried out by internal normalization. The sum of
individual areas of the compounds corresponds to 100%
area.
Statistical analysis
Student’s t-test was performed to evaluate the
existence of significant differences between the means for
the detected components of the studied samples (p<0.05).

similar both qualitatively and quantitatively. These
chemical profiles can be represented in a concise manner
by the percentage of the main structural groups of
chemical constituents (Table 1). The major groups of
chemical constituents of propolis from both countries
were flavonoid aglycones (most abundant: pinocembrin,
chrysin, galangin), phenolic acids (most abundant: caffeic,
coumaric, ferulic) and their esters (most abundant: benzyl
caffeate, CAPE, pentenyl caffeates), aromatic acids (most
aboundant: benzoic, cinnamic), sugars. The Student’s ttest demonstrated that the observed differences in the
mean values of content of groups of compounds were not
significant (Table 1). In addition, the amounts of the most
important individual compounds with pronounced
antimicrobial and antioxidant activity (Ristivojević et al.,
2015; Velazquez et al., 2007) in Macedonian and
Bulgarian propolis were compared (Table 2). The mean
values of the concentration of two flavonoids, chrysin and
galangin, were somewhat higher in Macedonian samples,
the difference being statistically significant (p<0.05). For
pinocembrin, CAPE and caffeic acid, there were no
significant differences.
The chemical profiles obtained by GC-MS clearly
indicated the origin of all samples from the buds of black
poplar Populus nigra L. (Bankova et al, 1992; Greenaway
et al., 1990). This proves that in both countries propolis is
a typical poplar type European propolis. The observed
differences are within the expected variations in the resin
composition of the poplar buds, influenced by the specific
ecological conditions at the place where the trees grow,
the time of propolis collection by bees, as well as the
genetic characteristics of the individual trees (Greenaway
et al., 1990).

Conclusion
Bulgarian and Macedonian propolis demonstrate
very similar chemical profiles and belong to the poplar
type propolis, which has well-characterized qualitative
composition and high content of biologically active
substances with proven antibacterial, antiviral and
antioxidant properties. These results allow the
standardization of Macedonian propolis to be approached
on the basis of the parameters recommended by the
International Honey Commission for poplar type propolis
(Bankova et al., 2019).

Results and discussion
Acknowledgments
Three Bulgarian and three Macedonian samples,
collected from different regions of the respective countries
were studied. Over 40 individual compounds in the
studied samples (data not shown) were identified by GCMS. The chemical profiles of all six samples were very

Partial financial support by Bilateral project between
Macedonian Academy of Sciences and Arts and Bulgarian
Academy of Sciences is gratefully acknowledged.

Maced. pharm. bull., 66 (2) 11 – 14 (2020)

Chemical composition (compound groups, GC-MS, percentage of TIC) of propolis from North Macedonia and
Bulgaria

Compound class

MK-1

MK-2

MK-3

Mean value ± SD,

BG-1

BG-2

BG-3

MK
a

Mean value ± SD,
BG

Phenolic acids

7.0

4.8

6.8

6±1

4.3

5.6

12.7

8±4a

Aromatic acids

4.9

0.4

0

2±2b

0.1

0.1

4.4

2±2b

Phenolic acid esters

19.1

12.7

14.4

15±3c

16.0

12.5

14.4

14±2c

Flavonoids

57.3

55.2

56.3

56±1d

55.9

51.5

41.7

50±7d

Sugars

0.9

4.1

2.7

3±2e

1.6

4.6

4.9

4±2e

Note: Different letters denote mean values that are statistically different. For mean values with the same letter, the difference between
the means is not statistically significant

Table 2.

Content of individual constituents in propolis (GC-MS, percentage of TIC) from North Macedonia and Bulgaria

Component

MK-1

MK-2

MK-3

Mean value ± SD,

BG-1

BG-2

BG-3

MK

Mean value± SD,
BG

a

2.2

1.7

2.3

2±0.3a

Caffeic acid

1.6

2.0

2.5

2±0.4

Caffeic acid phenethyl esteer (САРЕ)

2.9

3.3

6.3

4.2±2b

3.2

1.5

2.0

2.2±0.9b

Pinocembrin

10.8

7.4

6.2

8±2c

8.5

4.8

6.2

6±2c

Chrysin

8.8

11.5

9.4

10±1d

8.2

7.2

7.0

7.5±0.6e

Galangin

9.2

6.7

8.7

8±1f

6.6

5.3

5.1

5.7±0.8g

Note: Different letters denote mean values that are statistically different. For mean values with the same letter, the difference between
the means is not statistically significant
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Table 1.
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Резиме

Споредба помеѓу македонски и бугарски прополис:
хемиски состав и растително потекло
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Прополисот најчесто е присутен како состојка во препаратите кои се издаваат без рецепт, додатоците во
исхрана, козметичките препарати, итн. Примероците од прополис со потекло од Бугарија и Македонија беа
анализирани со гасна хроматографија - масена спектрометрија (ГЦ-МС) на екстракти од етанол по нивна
силилација. Главната цел беше определување на присуството на биоактивни супстанции со антимикробна и
антиоксидативна активност како и споредба на нивните хемиски профили. Резултатите од испитувањата покажаа
дека прополисот со потекло од Бугарија и Македонија имаат многу слични хемиски профили и истите припаѓаат
на прополисот од топола, кој има добро карактеризиран квалитативен состав и голема содржина на биоактивни
супстанции. Добиените резултати може да бидат искористени за стандардизација на македонскиот прополис
согласно препораките на Меѓународната комисија за мед од прополис од топола.
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