Chemical Composition and Antimicrobial Activity of European Propolis
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Three propolis samples from Austria, Germany and France were investigated by GC/MS,
where eleven compounds were being new for propolis. The samples showed some similarities
in their qualitative composition. Phenylethyl-trans-caffeate, benzyl ferulate and galangin were
predominant in German propolis. Benzyl caffeate was predominant in French sample. Pino-
cembrin was predominant in French and Austrian propolis and trans-p-coumaric acid was

predominant in all samples.

The antimicrobial activity against Staphylococcus aureus; Escherichia coli, and Candida
albicans was evaluated. German propolis showed the highest antimicrobial activity against
Staphylococcus aureus and Escherichia coli. While Austrian propolis has the highest activity
against Candida albicans. French propolis was effective against all pathogens but less than

German and Austrian propolis.

Introduction

Propolis (bee glue) is the material used by bees
as a glue, general-purpose sealer and draught-ex-
cluder for beehives. It is a resinous hive product.
It consists of exudate from plants mixed with bees-
wax. Propolis has been long used in folk medicine
of different nations as early as 3000 BC (Hegazi,
1998). Now propolis possesses variable biological
activities: antibacterial (Hegazi et al., 1996a), anti-
viral (Hegazi et al, 1993 and 1997), fungicidal
(Hegazi et al, 1996b), antiulcer, anti-tumour etc.
(Marcucci , 1995; Cheng and Wong, 1996).

The chemical composition of propolis appeared
to be extremely complex and more than 180 com-
pounds have been identified so far (Marcucci,
1995), the most important ones being polyphenols.
Now it is known that bees collect propolis from
different plant buds (Crane, 1988). In temperate
climatic zones (Europe, North America, Mongo-
lia, Uruguay, New Zealand) the main source of
propolis is poplar buds, mainly these of Populus
nigra (Greenaway et al., 1987; Wollenweber et al.,
1987; Bankova et al,, 1992; Bonvehi et al., 1994;
Markham et al, 1996), but in some cases other
poplar species can be used as an additional supply
of propolis (Greenaway et al., 1989; 1990a; 1990b).
In such cases chemical composition of propolis
and connected with it biological activity will be
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changed. So, the aim of this work is to investigate
the chemical composition of propolis from dif-
ferent countries as well as the variation in their
antimicrobial activities.

Materials and Methods
Propolis

Propolis samples were collected in Austria (Vi-
enna), Germany (Hannover) and in France (Mon-
bliahue).

Bacterial and fungal strains

Staphylococcus aureus, Escherichia coli and
Candida albicans were used. These strains were
isolated and identified in the section of Microbiol-
ogy and Immunology, Dept. of Parasitology and
Animal Diseases, National Research Center,

Egypt.

Extraction and sample preparation

One gram of each sample was cut into small
pieces and extracted at room temperature with
50 ml of 70% ethanol (twice after 24 hours). The
alcoholic extract was evaporated under vacuum at
50°C till dryness. The percentage of extracted
matter was as follows: Austrian propolis 0.352 gm/
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dry weight, French propolis 0.20 gm/dry weight
and German propolis 0.187 gm/dry weight. 2.5 mg
of the dried matter was prepared for chromatogra-
phy by derivatization for 30 min at 100 °C with
50 ul pyridine + 100 ul BSTFA and analyzed by
GC/MS.

GC/MS analyses

A finnigan MAT SSQ 7000 mass spectrometer
was coupled with a Varian 3400 gas chromato-
graph. DB-1 column, 30 m x 0.32 mm (internal di-
ameter) , was employed with helium as carrier gas
(He pressure, 20 kg/cm?; injector temperature,
310 °C; GC temperature program, 85-310 °C at
3 °C/ min. (10-min. initial hold). The mass spectra
were recorded in electron ionization (EI) mode at
70 eV. The scan repetition rate was 0.5 s over a
mass range of 39-650 atomic mass units (AMU).

Identification of compounds

The identification was accomplished using com-
puter search user-generated reference libraries, in-
corporating mass spectra. Peaks were examined by
single-ion chromatographic reconstruction to con-
firm their homogeneity. In some cases, when iden-
tical spectra have not been found, only the struc-
tural type of the corresponding component was
proposed on the bases of its mass spectral frag-
mentation. Reference compounds were co-chro-
matographed where possible to confirm GC reten-
tion times.

Antibacterial assay

Two bacterial strains were used: Staphylococcus
aureus and Escherichia coli. The bacterial suspen-
sion was prepared and adjusted by comparison
against 0.5 Mc-Farland turbidity standard (5x10’
organisms / ml) tubes. It was further diluted to ob-
tain a final of 5x10° organisms / ml. Staphylococcus
aureus was enriched on polymyxin agar (Finegold
and Sweeney, 1961) as a selective media While
Escherichia coli. was enriched on MacConkey
broth. Both bacteria were subculture on nutrient
broth for further bacterial propagation (Cruicks-
hank et al, 1979). The broth was inoculated by
the 0.20 ul/10 ml broth either with Staphylococcus
aureus or Escherichia coli. Then added 40 pl of
20% propolis extract. The tubes were incubated at
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37 °C for 24 hr. The growth of control bacterial
strains as well as inhibitions of the bacterial
growth due to propolis were measured by spectro-
photometeric assay as a turbidity at 420 nm wave-
length. The mean values of inhibition were calcu-
lated from triple reading in each test. The minimal
inhibitory concentrations (MIC) of propolis sam-
ples were determined by ten-fold dilution method
against bacterial strains in in-vitro (Hegazi et al,
1996a).

Antifungal assay

The antifungal activity of tested propolis sam-
ples was carried out against Candida albicans as
described in British Pharmacopoeia (1968). Sa-
bouraud’s glucose agar and broth inoculated by
the spore suspension (0.20 ul/10 ml). Then added
40 ul of 20% propolis. The tubes were incubated
at 28 °C for 48 hr. The growth as well as inhibition
were measured by spectrophotometeric assay as
turbidity at 420 nm wave length. The mean value
of inhibition were calculated from triple reading
in each test. Data were analyzed statistically using
student “T” test according to Senedcor (1961).

Results and Discussion

Propolis samples have been collected from three
different European countries with different cli-
mates (Austria, Germany and France). The main
plant source of propolis being always poplar buds.
These samples have been extracted with 50 ml of
70% ethanol (twice after 24 hours). The alcoholic
extracts were subjected to preliminary investiga-
tion by thin layer chromatography (TLC). The
spots of flavonoids and phenolic esters showed
similarity in the three samples, but the amount of
some flavonoids and phenolic esters in the Ger-
man and French samples were much larger than
Austrian propolis. The samples were silylated and
subjected to GC/MS analysis. The results obtained
are summarized in Table I. It is evident that the
Austrian, German and French propolis showed
significant qualitative similarities, which is an indi-
cation for a common plant source. The quantita-
tive differences obtained could be due to the parti-
cipation of different poplar species.

There are few groups of polar compounds in the
investigated samples, which are characteristic to
poplar buds also. To the first group of such com-
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Table I. Chemical composition assessed by GC/MS of alcoholic extracts of Austrian, German and French Propolis.

Compound** Austria Germany France
% TIC a

Acids (aliphatics)

Hydroxyacetic acid ® 0.20 0.05 0.40
5-Hydroxy-n-valeric acid ® 0.10 0.04 0.10
2.3-Dihydroxypropanoic acid - 0.03 -
Nonanoic acid - 0.03 -
Malic acid - 0.02 0.20
Acids (aromatics)
Benzoic acid 3.10 1.30 4.00
trans-cinnamic acid 4.80 0.40 2.00
2-Phenyl-2-hydroxyacrylic acid ® 0.30 0.05 -
4-Methylmandelic acid ® 0.30 0.05 0.30
4-Methoxyhydrocinnamic acid 0.30 - 0.20
cis-p-coumaric acid 0.30 - 0.20
trans-p-coumaric acid 7.00 6.70 6.10
3.4-Dimethoxy-cinnamic acid - 0.23 2.20
Ferulic acid 2.60 0.05 2.10
Caffeic acid 2.60 2.60 5.20
Esters
Benzenepropanoic acid ethyl ester ° - - 0.10
Pentenyl coumarate 0.10 0.30 -
Benzyl-trans-4-coumarate 3.50 2.70 4.00
Cinnamyl-trans-coumarate 1.10 3.40 2.10
3-Methyl-2-butenyl-isoferulate 1.00 0.70 -
Cinnamyl-isoferulate - 2.80 1.30
Benzyl-ferulate 3.00 8.00 7.30
Cinnamyl-ferulate - 0.20 -
Ethyl caffeate - 0.30 =
Butanyl-caffeate b - 0.08 -
Benzyl — caffeate 3.10 1.50 14.50
Phenyl-ethyl — caffeate 2.40 5.80 5.10
Phenyl-ethyl — caffeate (isomer) ® - 17.00 -
Cinnamyl - caffeate 0.60 5.60 3.10
Flavonoids
Pinocembrin 15.30 6.90 17.20
Pinobankasin 2.70 4.80 4.80
Pinobankasin-3-acetate 6.10 9.30 9.00
Chrysin 2.50 3.50 5.30
Galangin 6.40 21.60 10.00
5.4'-Dihydroxy-7-methoxyflavone - 0.44 -
5,7-Dihydroxy-3-butanoyloxy flavanone 1.00 3.00 1.30
5,7-Dihydroxy-3-pentenoyloxy flavanone ® - 0.50 -
5,7-Dihydroxy-3-pentanoyloxy flavanone - 0.20 =
Other aromatic compounds
2,3-Butanediol © - 0.40 0.50
Guiacol ® 0.30 0.23 1.40
2,3,5,6,Tetrahydroxy-methylglucofuranoside ® 0.50 1.60 0.60

2 The ion current generated depends on the characteristics of the compound concerned and it is not a true quantita-
tion; ® For the first time in propolis; ¢ Tentatively identified by analysis of mass spectrum.
** Only the compounds which showed significant differences between the three propolis samples were tabulated.

pounds belong aromatic acids, found in all investi- were identified for the first time in propolis: 2-
gated samples. Trans-p-coumaric acid has the phenyl-2-hydroxyacrylic  acid identified in
largest quantity in all samples. The following acids ~ Austrian and German samples, 4-methymandelic
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acid was identified in all samples. Beside aromatic
acids poplar propolis is characterized by the pres-
ence of significant amounts of esters of these acids.
Phenylethyl caffeate, benzyl ferulate and benzyl-
trans-4-coumarate appeared in all samples with
high concentration. French sample has the highest
concentration of benzyl caffeate. Propolis contains
three new esters: benzenepropanoic acid ethyl es-
ter in French propolis, butanyl-caffeate and pheny-
lethyl-caffeate isomer (17%) in German propolis.

Flavonoid aglycones, especially flavanones are
typical components of poplar propolis. These re-
sults are in agreement with the statement. All in-
vestigated samples contain significant amount of
flavanones, but there are difference in the concen-
tration of the individual compounds. Pinocembrin
and pinobankasin acetate are the main flavanones
of the European samples. 5,7-dihydroxy-3-penten-
oyloxy flavanone was identified in German sample
for the first time in propolis. The flavone galangin
appeared in high unexpected significant amount in
German propolis (21.6%).

Between the main components of the samples
investigated appeared to be hydroxyacetic acid, 5-
hydroxy-n-valeric acid, 2,3-butanediol, guiacol and
methylglucose which were identified for the first
time in propolis.

The primary source of the plant exudate incor-
porated into propolis in the North Hemisphere is
bud exudate of poplar trees (Greenaway et al.,
1987, 1988, 1990; Papay et al., 1985, 1987; Bankova
et al. 1989, 1994; Wollenweber et al., 1987) and the
composition of propolis is therefore directly re-
lated to the composition of the poplar bud exudate
collected by the bees. Each species or clone of
poplar has its own characteristic mixture of com-
pounds in its bud exudate (Wollenweber, 1975;
Greenaway et al., 1989) and there can be consider-
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able difference in bud exudate composition be-
tween different poplar species (Greenaway et al.,
1989, 1990a, 1990b, 1990c). Propolis is potentially,
therefore, a very variable product.

This communication here reported the compar-
ative GC/MS investigation of three propolis sam-
ples from three European countries (Austria, Ger-
many and France). 41 compounds have been
identified, which included 11 identified for the first
time in propolis. The relative concentrations of
these compounds vary greatly and these variations
are species-specific. Wollenweber (1975) reported
that some Populus spp., such as aspens, are charac-
teristically high in cinnamic acid derivatives and
low in flavonoids. Here, Austrian propolis has the
highest significant concentration in trans-p-coum-
aric acid. German propolis is characteristically
high in benzyl ferulate, phenylethyl caffeate and
its isomer, pinobankasin acetate and galangin.
French sample has the highest significant concen-
tration in benzoic acid, caffeic acid, benzyl coum-
arate, benzyl caffeate and pinocembrin.

Generally in this work, German propolis ap-
peared with significant high concentrations of fla-
vonoids followed by French propolis. This is prob-
ably due to the participation of different poplar
species, which is probably Populus deltoides, where
it contains galangin, pinocebrin, pinobanksin to-
gether with its related compounds as principal
compounds (Greenaway et al., 1990a).

The antimicrobial activity of propolis collected
from some European countries against Staphylo-
coccus aureus; Escherichia coli, and Candida albi-
cans were recorded in Table II. All propolis sam-
ples showed an inhibition in the growth of all
examined pathogens but the inhibition varied ac-
cording to the propolis origin. It was obvious that
German propolis showed the highest antimicrobial

Table II. Effect of different European propolis on antimicrobial activity.

Treatment Staphylococcus aureus

Escherichia coli Candida albicans

Growth inhibition MIC (ug/ml)

Growth inhibition MIC (ug/ml)

Growth inhibition MIC (ug/ml)

Pathogen normal growth 1.275 + 0.006* - 1.256 + 0.0017 - 1.758 + 0.022 -

Austrian propolis 0.112 £ 0.008 2400** 0.629 + 0.0005 1600 0.175 + 0.001 1200
French propolis 0.164 £+ 0.009 4600 0.740 + 0.0019 3400 0.187 + 0.005 1512
German propolis 0.101 + 0.020 1400 0.364 + 0.0039 1200 0.193 + 0.011 4048
Tetracycline (50 ug) 0.095 £ 0.0001 1000 0.469 + 0.0003 1400 1.700 £ 0.002 6400
Ketoconazole (50 ug) 1.233 £+ 0.004 8400 1.270 + 0.0011 5600 0.638 + 0.003 2400

* Growth inhibition = Inhibition of the growth measured by turbidity on 420 nm analyzed by spectrophotometer.

** MIC: Minimal inhibition concentration.
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activity against Staphylococcus aureus and Escher-
ichia coli, but Austrian propolis has the highest
activity against Candida albicans. French propolis
was effective against all pathogens but less than
German and Austrian propolis. The minimal in-
hibitory concentration (MIC) of propolis samples
were determined by ten fold dilution in-vitro
against Staphylococcus aureus, Escherichia coli
and Candida albicans. The MIC results are il-
lustrated in Table II.

The antimicrobial activity of Propolis reflected
to its constituent which differs from area to area
depending on its chemical composition as ob-
served by Shub er al. (1978) in USSR, Meresta and
Meresta (1983) in Poland; Pepeljnjak er al. (1985)
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in Croatia, Yugoslavia; Petri et al. (1988) in Hun-
gary and Serra and Escola (1995) from Brazil,
Uruguay and China. Abd El Fattah et al. (1993)
and Hegazi et al. (1996) from Egypt. The variation
of the antibacterial activity of propolis from area
to area referred to the chemical composition of
propolis, which had a synergistic effect of various
phenolic compounds. Also geographic areas differ
due to plant flora which reflected in the propolis
constituents.
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