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Thin-layer chromatography of ethanolic extract of propo-
lis (EEP) from the continental and Adriatic regions of Cro-
atia showed that 72.2% of propolis samples contain ga-
langin, 88.8% of samples contain kaempferol, naringenin
and apigenin and 66.6% of samples contain caffeic acid.
Caffeic acid, pinocembrin, galangin, chrysin and narin-
genin were analyzed by HPLC. In all samples, pinocem-
brin was the dominant flavonoid. In samples from the
Adriatic region, concentration of pinocembrin ranged
from 0.03 to 6.14% (X = 2.87%) and in the continental re-
gion samples from 0 to 4.74% (X = 2.84%). Chrysin was
found in all propolis samples in a concentration ranging
from 0.22 to 5.32% (X = 1.86%) in the continental region
samples and from 0.03 to 3.64% (X = 1.96%) in samples
from the Adriatic region. Chrysin was followed by narin-
genin, ranging from 0 to 1.14% (¥ = 0.42%) in samples from
the Adriatic region and from 0.22 to 2.41% (¥ = 0.60%) in
the continental region samples. Concentration of caffeic
acid ranged from 0 to 10.11% (¥ = 2.69%) in the Adriatic
region samples and from 0.27 to 2.67% (x =1.37%) in
samples from the continental region of Croatia. Results
of HPLC analyses suggest that propolis samples collec-
ted from various parts of Croatia do not differ markedly
in contents of chrysin, pinocembrin naringenin and ga-
langin but differ in the concentration of caffeic acid. All
EEPs significantly inhibited the growth of Bacillus subtilis
in comparison with the control (80% ethanol) (p < 0.05),
showing inhibition zones of 16 + 2 mm for samples from
the continental region, and of 18 + 3 mm for samples from
the Adriatic region. There was no significant difference
in antimicrobial activity of EEPs from the continental and
Adriatic regions of Croatia, suggesting that bactericidal
activity depends on synergism of all phenolic compounds.
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Propolis or »bee glue« is a sticky, gummy, resinous product of honeybees (Apis mel-
lifica L.) that is accumulated in hives. Bees collect propolis from various leaf buds and
cracks in the bark of trees mainly for protection of hives as sealer, draught excluder, and
embalming substance to cover carcasses from hive invaders and against bacterial and
fungal infections (1). In the northern hemisphere (Europe, North and South America and
western Asia), the tree sources are: Populus spp., Betula spp., Ulmus spp., Quercus spp.,
Salix spp., Aesculus hippocastanum L., Picea spp., Fraxinus spp, etc. (2). These origins may
account for the smell, color, constitution, and chemical composition of propolis. Propolis
is a very complex mixture and, in general, it is composed of 50% balsams and resins,
30% wax, 10% essential oils, 5% pollen and 5% of various other substances like sugars,
vitamins, etc. (3). Bees modify propolis by B-glucodiases, enzymes from hypopharyngeal
glands, during collection and processing. Results of this enzymatic modification are hy-
drolyzation of phenolic compounds like flavonoid heterosides to free flavonoid aglyco-
nes and sugars and enhancement of the pharmacological action of the resulting prod-
ucts. Chemically, flavonoid aglycones from propolis are flavones, flavonols, flavanones,
dihydroflavonols and chalcones. Other phenolic compounds are phenolic aldehydes and
polyphenolic derivates of cinnamic and benzoic acid, including caffeic acid esters, terpe-
nes, B-steroids, sesquiterpenes, naphthalene and stilbene derivatives (4).

Ethanolic extracts of propolis and preparations containing propolis have a very
long medical history in folk medicine (1, 3). Propolis possesses pharmacological action,
such as antibacterial, antifungal, antiviral, local-anesthetic, astringent, spasmolytic, anti-
-inflammatory, antiulcer, cytostatic, hypotensive, immunostimulatory activities (5-9).

Among the most potent microbicidal compounds in propolis are flavanone pinocem-
brin (5,7-dihydroxyflavanone) (10) and its 3-OH analogue flavonol galangin (3,5,7-trihy-
droxyflavon) (11-13). Caffeic acid (3,4-dihydroxycinnamic acid) and its esters, volatile
fractions with phenols and/or terpenoids (14) and chrysin (5,7-dihydroxyflavone) pos-
sess notable antimicrobial activities as well (1). It is still not known whether antibacterial
and antifungal activities of ethanolic extracts of propolis depend on the concentration of
galangin, pinocembrin and caffeic acid derivates or on synergism of these or other com-
pounds (15, 16).

Propolis compounds have been analyzed by thin-layer chromatography (TLC), gas-
-chromatography-mass spectrometry (GC-MS), high performance liquid chromatography
(HPLC) and micellar electrokinetic capillary chromatography (MEKC) (17, 18). Bankova
et al. (19) analyzed by HPLC flavonoids from propolis collected in South Bulgaria. Pino-
cembrin was the main flavonoid. Bonvehi et al. (20) analyzed 15 samples of propolis
from South America and China. Pinocembrin was present in smaller quantities than aca-
cetin and apigenin, indicating that the geographic position of hives and plants around
the have a major influence upon the chemical composition of propolis. Garcia-Viguera
(21) found by HPLC analysis that flavanon pinocembrin and the flavones chrysin and
galangin are major constituents of propolis collected in Canada. High concentrations of
these flavonoids indicate that, like in European propolis, the main plant sources of this
propolis are poplars (Populus spp.) (22).

Because of the diverse physiological activities of propolis, its composition is of great
importance, especially for the standardization of propolis as raw material used in differ-
ent pharmaceutical products and for further investigations of its activity, notably anti-
microbial activity.
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The aim of this research was to estimate the concentration of flavonoid aglycones
(naringenin, chrysin, pinocembrin, galangin) and caffeic acid from propolis samples col-
lected in two regions in Croatia and to compare the antibacterial activity of propolis
ethanolic extracts against Bacillus subtilis. Some other flavones, flavanones and flavono-
nes, as well as ferrulic acid and p-coumaric acid, one expected in porolis. Because of the
lack of literature data about their bactericidal activity, they were not the subject of this
investigation (16).

EXPERIMENTAL

Reagents and solvents

Diphenylboric acid aminoethyl ester, polyethylene glycol 4000, galangin, chrysin,
naringenin, caffeic acid and streptomycin sulphate were purchased from Sigma (Germa-
ny) and pinocembrin was purchased from Extrasynthese (France). Acetonitrile and ace-
tic acid for HPLC analysis were of HPLC grade and were purchased from Fluka (Swit-
zerland). All other solvents and reagents were of analytical grade and were purchased
from Kemika, Croatia.

Microbiological media (tryptic soy agar and Miiller-Hinton agar) were purchased
from Merck, Germany.

Propolis samples

Eleven samples of raw propolis from the continental part of Croatia (around the city
of Osijek) and seven samples from the Adriatic part of Croatia (the island of Hvar and
Dalmatinska Zagora, around the city of Imotski) were collected in August or September
of 2001 and 2002 from hives. Until analysis, samples of raw propolis were kept at room
temperature in the dark. Propolis (10 g) was crushed into small pieces in a mortar and
mixed vigorously with 34.85 mL of 80% (V/V) ethanol during 48 h at 37 + 1 °C (23). After
extraction, the ethanolic extract of propolis was filtered through Whatman No. 4 paper.
To obtain 25% (m/V) ethanolic extract of propolis (EEP), the filtrate was adjusted to 40.0
mL with 80% (V/V) ethanol and kept at + 4 °C until analysis.

Thin-layer chromatography

TLC analyses of EEP were performed on silica gel plates 60 Gys4 (Merck, Germany)
by the method of Arvouet-Grand et al. (24).

EEP samples were diluted with 96% ethanol (1 + 4) and 5-pL aliquots were applied
to the plates with a micro syringe (Hamilton, Switzerland). Two mobile phases were
used, containing different concentrations of toluene, ethyl-acetate and formic acid: A
(5:4:1, V/V/V) and B (36:12:5, V/V/V). The TLC chamber was saturated with the mobile
phase at least 1 hour before analysis. After developing, plates were dried in the air and
flavonoids and phenolic acids were visualized under ultraviolet light (365 nm) after
spraying with 1% (m/V) methanolic solution of diphenylboric acid aminoethyl ester, fol-
lowed by 5% (V/V) ethanolic solution of polyethylene glycol 4000.
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Flavonoids in the EEP were identified using the standards galangin, chrysin, narin-
genin and caffeic acid dissolved in ethanol (96%, V/V) to give 0.05 mg mL~! solutions.
Aliquots (5 pL) of these solutions were applied to the plates.

High performance liquid chromatography

HPLC analysis was performed by the method of Castellotti and Bendazzoli (25).
Defermination of flavonoids and caffeic acid was performed by HPLC on a reversed-
-phase column (Lichrochart RP-18, 12.5 x 0.4 cm, particle size 5 um, Perkin Elmer, USA),
using a binary LC pump (Perkin Elmer) and a mobile phase made of acetonitrile/acetic
acid, 10% (36:75) (A) and acetonitrile/acetic acid, 10% (45:55) (B) with final pH = 2.64.
Elution was performed at a flow rate of 1 mL min~! (volume applied 10 pL) using a lin-
ear gradient starting with mobile phase A and changing after 30 min to mobile phase B.
Detection was performed with a photodiode array detector (Perkin Elmer). Chromato-
grams were recorded at 255 nm.

Samples were made by dilution of EEP 1:50 with methanol. Flavonoids in the EEP
were identified and determined using the standards galangin, pinocembrin, chrysin, na-
ringenin and caffeic acid dissolved in ethanol (96%, V/V) to give 0.05 mg mL1 solutions.

Total polyphenols were expressed as galangin (25). Galangin pinocembrin, chrysin,
naringenin and caffeic acid were expressed as percentage of raw propolis.

Antibacterial activity

Antibacterial activity of ethanolic extracts of propolis was estimated by the diffu-
sion method according to the European Pharmacopoeia (26). The assay was performed on
the Gram-positive bacterial strain Bacillus subtilis NCTC 8236, which was cultivated on
tryptic soy agar under aerobic conditions for 18 h at 37 £ 1 °C. Inoculum was prepared
by washing the one or two colonies using five milliliters of sterile physiological saline to
a concentration of bacterial cells of approximately 106.

Density of bacterial cells was measured with McFarland’s standard solution of
freshly prepared barium sulfate in sterile water: density of 0.01% mL BaCl, in 1% H;SO4
solution equals approximately 3 x 108 bacterial cells mL-1 (27).

One milliliter of inoculum was added into 20 + 2 mL of Miiller-Hinton agar at 48-50
°C and mixed in Petri dishes (d = 9 cm). After drying the plates at room temperature for
20 minutes, holes were made in agar with sterile stainless steel cylinders (d = 6 mm).
EEP (40 pL) was added into the holes. Prior to 18-h incubation at 37 °C, inoculated Petri
dishes were incubated at 4 °C for 1 h. The same procedure was done with 80% ethanol
as a negative control.

Streptomycin sulphate was used as a reference antibacterial substance. Solution of
10 mg mL~! was prepared from the stock solution of streptomycin sulphate in sterile dis-
tilled water (0.1%, m/V) with phosphate buffer solution pH 8 (26).
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Statistical analysis

The zones of inhibition data were related to solvent control (80% ethanol) and were
compared by the non-parametric Kruskal-Wallis test. The level of significance was p <
0.05.

RESULTS AND DISCCUSION

Nine different phenolic compounds from EEP could be separated by TLC using mo-
bile phase B (Table I). Mobile phase B (toluene/ethyl-acetate/formic acid, 36:12:5, by vo-
lume) enabled better separation of phenolic compounds (with the clearest spots) than
mobile phase A. TLC of EEP showed that 72.2% of propolis samples contained bacteri-
cidal flavonol galangin, 88.8% contained kaempferol, naringenin and apigenin and 66.6%
samples contained caffeic acid (Table I). Sample No. 25 from the continental region of
Croatia had only one phenolic compound, whereas sample No. 20 from the Adriatic re-
gion had no phenolic compounds.

Table I. TLC analysis of ethanolic extracts of propolis from Croatia

Continental region samples Adriatic region samples
Color of
Rg fluorescence o < 2 <+ & = o
N INY N~ [s2] e} \O N L 0 i Lo o — o~ [c9] 9] [30)
( nm H oo § TR TN To o1
light
0.89f & + + + + + + + + - - - 4+ + 4+ - 4+ o+
green
dark
0.82f + + + + + 4+ + 4+ + 4+ + - + 4+ + + + +
brown
a greenish
0.73 + + + + + + + + - - - - + 4+ 4+ - 4+ +
blue
dark
0.68f + + + + + 4+ + 4+ + 4+ - -+ 4+ + -+ 4+
brown
¢ greenish
0.63 + + + + + + + + + + - - + + 4+ + + 4+
blue
0.59P yellow + + + + + + + + + + - - + + o+ o+ 4+ 4+
ellowish
056c + + + 4+ + 4+ + 4+ + 4+ - -+ 4+ + 4+ o+ o+
brown
ellowish
0'51dybrown + + 4+ + + + + + + - - + + 4+ + + o+
0.43¢ blue + + + + + - + 4+ - - - - + 4+ + - + +

Key to identification: 2 galangin, ® kaempferol, ¢ naringenin, ¢ apigenin, ¢ caffeic acid, f not identified compo-
nents. Notable fluorescence (+), no fluorescence (-)
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Quantitative analyses of ethanolic extracts of propolis are presented in Tables II and
III. Fig. 1 represents a typical HPLC chromatogram of EEP.

HPLC analyses showed that flavanon pinocembrin was the dominant flavonoid
found in four propolis samples from the Adriatic part of Croatia (from 0.03 to 6.14%,
X = 2.87%) and in nine samples of propolis from the continental region (from 0 to 4.74%,
X =2.84%). It was followed by flavon chrysin from 0.03 to 3.64% (x = 1.96%) in samples
from the Adriatic region of Croatia and from 0.22 to 5.32% (x = 1.86%) in samples from
the continental region.

Concentration of galangin varied greatly in propolis samples: from those in which
galangin was not detected (samples No. 28, 31 and 25 from the continental region of Cro-
atia) to other samples in which concentration of galangin ranged from 0.42 to 2.12% (x =
0.84%) (Table II). Galangin was detected in all investigated samples of propolis from the

Table II. HPLC analysis of ethanolic extracts of propolis from the continental region of Croatia

Component Sample code
(%) 5499 5274 5274b 23 18 26 29 35 28 31 25

Caffeic acid 2.67 134 248 132 209 059 102 078 178 069 027 1.37
Naringenin 032 032 063 028 241 031 022 025 102 034 046 0.60
Chrysin 133 098 134 206 245 202 134 166 176 532 022 1.86
Pinocembrin 241 153 266 398 3.06 474 292 332 271 396 ND 284
Galangin 049 042 069 140 212 152 128 128 ND ND ND 084

RI

E(;t\inoids 456 325 531 771 1005 858 580 650 548 688 068 590
Total

730 463 779 1234 1478 16.03 7.69 10.14 11.36 11.82 2.66 9.69
polyphenols

ND - not detected

Table III. HPLC analysis of ethanolic extracts of propolis from the Adriatic region of Croatia

Sample code

Component (%) x
20 21 22 5544 5582 5581 5538
Caffeic acid ND 117 171 2.82 0.12 10.11 291 2.69
Naringenin ND 0.26 0.43 0.54 0.07 1.14 0.50 0.42
Chrysin 0.03 2.79 2.38 3.64 0.28 224 2.36 1.96
Pinocembrin 0.06 2.48 5.46 3.33 0.03 6.14 2.58 2.87
Galangin 0.02 1.66 3.07 1.44 0.01 1.22 0.68 1.16
Total flavonoids 0.11 7.18 113 8.95 0.14 10.74 6.12 491

Total polyphenols 0.11 8.74 16.79 12.60 0.13 15.72 9.03 9.02

ND - not detected
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Fig. 1. HPLC of propolis ethanolic extract (sample No. 22).

Adriatic region with concentrations ranging from 0.01 to 3.07% (x = 1.16%). Naringenin
was detected in all investigated propolis samples from the continental region (from 0.22 to
2.41%, x = 0.60%), whereas it was not detected in one sample from the Adriatic region
but ranged from 0.07 to 1.14% in the others (x = 0.42%).

Concentration of total flavonoids in propolis from the continental part of Croatia
varied from the lowest level of 0.68% in sample No. 25 to the highest level of 10.05% in
sample No. 18. The concentration varied greatly also in the samples from the Adriatic re-
gion of Croatia: from the lowest level of 0.11% in sample No. 20 to the highest level of
10.74%. in sample No. 5581. Both groups of propolis samples contained similar average
concentrations of flavonoids: 5.89% in samples from the continental region and 4.91% in
samples from the Adriatic region of Croatia.

Concentration of caffeic acid varied greatly in investigated propolis samples and was
detected in all samples from the continental part of Croatia: its concentration ranged
from 0.27 to 2.67% (x = 1.37%). In propolis samples from the Adriatic part its concentra-
tions ranged from 0 to 10.11% (x = 2.69%). However, caffeic acid and naringenin could
not be detected in sample No. 20; this is the sample with the lowest concentration of to-
tal flavonoids and polyphenols (Table III).

It is interesting to note that the samples of propolis No. 20 and 5582 from the Adri-
atic region contained less than 1% of total flavonoids and bellow 0.1% of galangin, pino-
cembrin and naringenin. Despite the low concentrations of galangin and pinocembrin,
their inhibition zones ranged between 13 and 14 mm. Pinocembrin and galangin were
not detected in sample No. 25 from the continental region of Croatia, but EEP showed
antimicrobial activity against Bacillus subtilis with an inhibition zone of 13 mm. This
sample contained the lowest concentration of caffeic acid (0.27%) and chrysin (0.22%).
Some higher inhibition zones, ranging from 17 mm to 21 mm, noticed in the EEP of sam-
ples No. 22, 5544, 5581 and 5538. Concentration of pinocembrin in these samples was
higher than 2% and ranged from 2.58 to 6.14% (x = 4.38%) as well as the concentration of
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chrysin (from 2.23 to 3.64%, x = 2.66%) The highest inhibition zones were found for sam-
ples No. 5581 and 5538, containing different concentrations of flavonoids and caffeic acid.
Percentage of total polyphenols also varied in these two samples. Equal inhibitory activ-
ity of samples No. 5581, 5538 and sample No. 20 against Bacillus subtilis could be the
consequence of some other compounds with antimicrobial activity, for example, caffeic
acid esters or essential oil components (3).

The results of antimicrobial activity of ethanolic extracts of propolis from Croatia
against Gram-positive bacteria Bacillus subtilis are presented in Table IV. All EEP showed
a significantly different (p < 0.05) antibacterial activity compared to the solvent control
(80% ethanol). All EEP from the continental part showed inhibition zones between 13
and 18 mm (x + SD = 16 £ 2 mm, n = 11). EEP of samples from the Adriatic part showed
inhibition zones in the range between 13 and 21 mm (x+£SD =18+ 3 mm, n=7). Al-
though concentrations of galangin, pinocembrin and caffeic acid in extracts of propolis
from the continental and Adriatic parts of Croatia varied greatly, their antimicrobial ac-
tivities were not found significantly different.

Table IV. Antimicrobial activity of ethanolic extracts of propolis from Croatia against Bacillus subtilis®

Sample Inhibition
code zone (mm)

5499 172
5274 152
5274b 174
23 174
Samples from 18 182
the continental region 26 162
29 162
35 142
28 152
31 162
25 132

X+ SD 16+ 2
20 142
21 174
Ssamples from 22 172
the Adriatic region 5544 202
5582 132
5581 21a
5538 212

X+ SD 18+ 3

Streptomycin 2+1

(10 mg mL™1) ¥ £ SD

a Significantly different (p < 0.05) from 80% ethanol as a negative control.
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It sholud be pointed out that EEPs of samples No. 5544, 5581 and 5538 (from the
Adriatic region) showed an antibacterial activity (inhibiton zones of 21 + 1 mm) as high
as streptomycin.

Other samples from the Adriatic region showed lower inhibition zones ranging
from 13 to 17 mm. Samples of EEP from the continental region of Croatia showed lower
inhibition zones than streptomycin, with the highest of 18 mm and the lowest of 13 mm.

CONCLUSIONS

Almost equal or simalar average concentrations of pinocembrin, chrysin, galangin
and naringenin were found in propolis samples frrom both the Adriatic and continental
regions. However, a markly higher concentration of caffeic acid was found in samples
from the Adriatic regions than in samples from the continental region. Aberrations in
the concentration of particular flavonoids and caffeic acid are primarily governed by the
environment from which honeybees collect propolis and the mode of collecting propolis
(wax, impurities). Herbal material, including plant species state of the flora in the field,
and contamination may affect the composition of propolis. Nevertheless, all samples
showed antimicrobial activity against Bacillus subtilis but no significant differences in ba-
ctericidal activity between samples from the continental and Adriatic regions of Croatia
were found. These results indicate that the antimicrobial activity of EEP against Gram-
-positive bacterial strain Bacillus subtilis does not depend upon the concentration of par-
ticular flavonoids but on the synergistic effect of all phenolic compounds. Future resear-
ches should be focused on establishing the possible synergistic antimicrobial activity of
individual flavonoids and phenolic acids. Also, the relation between the chemical struc-
tures of flavonoids and phenolic acids and their antimicrobial activity on different bacte-
rial species and yeasts should be investigated.

Acknowledgements. — The authors wish to thank Asja Smolci¢-Bubalo and Castelotti Giovanni
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SAZETAK

Analiza propolisa kontinentalnog i jadranskog podrudja Hrvatske

IVAN KOSALEC, MARINA BAKMAZ i STJEPAN PEPELJNJAK

Metodom tankoslojne kromatografije etanolnog ekstrakta propolisa (EEP) kontinen-
talnog i jadranskog podrucja Hrvatske dokazano je da 72.2% uzoraka propolisa sadrzava
galangin, 88.8% kemferol, naringenin i apigenin i 66.6% kavenu kiselinu. Kavena kise-
lina, pinocembrin, galangin, krizin i naringenin odredeni su HPLC-om. U svim uzorcima
najzastupljeniji flavonoid bio je pinocembrin. U uzorcima propolisa iz jadranskog po-
drudja koncentracija pinocembrina bila je od 0.03 do 6.14% (x = 2.87%), a u uzorcima iz
kontinentalnog dijela od 0 do 4.74% (x = 2.84%). Krizin je dokazan u svim uzorcima, i to
u koncentraciji od 0.22 do 5.32% (x = 1.86%) u kontinentalnim uzorcima i od 0.03 do 3.64%
(x =1.96%) u uzorcima iz priobalne regije. Za njim slijedi naringenin od 0 do 1.14% (x =
0.42%) u uzorcima iz jadranskog podrudja i od 0.22 do 2.41% (x = 0.60%) u uzorcima
kontinentalne Hrvatske. Koncentracija kavene kiseline je u uzorcima propolisa jadran-
skog podrudja od 0 do 10.11% (x = 2.69%), a kontinentalnog podrudja od 0.27 do 2.67%
(x = 1.37%). Rezultati HPLCa ukazuju da se uzorci propolisa sakupljeni iz razli¢itih dije-
lova Hrvatske ne razlikuju znacajno u sadrZaju krizina, pinocembrina, naringenina i ga-
langina, ali se razlikuju u koncentraciji kavene kiseline. U usporedbi s kontrolom (etanol
80%, V/V) svi su EEP znacajno inhibirali rast bakterijske vrste Bacillus subtilis (p < 0.05),
pokazujuéi zone inhibicije od 16 + 2 mm za uzorke iz kontinentalnog podrucja te 18 + 3
mm za uzorke jadranskog podrucja. Buduéi da nema znacajne razlike u antimikrobnoj
aktivnosti EEP iz kontinentalne i jadranske Hrvatske, pretpostavlja se kako se antimi-
krobna aktivnost zasniva na sinergizmu ukupnih fenolnih sastavnica.

Kljucne rijeci: propolis, antibakterijsko djelovanje, galangin, pinocembrin, krizin, naringenin, flavo-
noidi, TLC, HPLC
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