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Twenty-five samples of propolis were collected from seven different regions in northern Argentina,;
ethanolic extracts of propolis were prepared from all samples, and the respective samples were
examined for UV absorption spectra, RPHPTLC, RPHPLC, antimicrobial activity, antiradical activity,
and total phenolic content. It was found that 16 of the 25 samples showed a phenolic profile similar
to that found in samples from southern Brazil and corresponding to poplar-based propolis and that
the rest of the samples showed a different profile and higher antimicrobial and antiradical activities.
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INTRODUCTION and reversed-phase high-performance liquid chromatography
(RPHPLC). In accordance with the results of these analyses,

Propolis is a resinous product collected by beégpi d the propolis samples were classified into 12 groups {19, It

mellifera) from tree exudates, mainly resins of leaf bud mixe

with beeswax to form a sealing material in their honeycombs, was foun_d that t_he varieties of propolis are dependent on
smooth out the internal walls, and protect the entrance againstgeogrm)h'Cal location because of plant ecology. It was also found

intruders (1). The first report on the use of propolis as a folk that among 12 groups of propoli.s, the chemical qomposition of
medicine dates back to 3000 B.C2)( and recently propolis group 3 showed the same profile as poplar resinous exudates

h Iso b tensivel din food and b t0i in sc_)uthern Brazil, where poplars were planted by European
hZZI?hSchjez?e?/):aﬁlei\;ig Suesse (3'25(;0 and beverages fo Improw%mmlgrants (12—14). We have also observed that bees were

The composition of raw propolis varies with the plant source; \Igjm?grmrgﬁénl\)//veahzfvrg\i/r?v;sfti pggg;;;fgs r;[)o o(I:ics)”:z:rtn rfesslr;rsém
in general, it is composed of 50% resin and vegetable balsam ! 9 prop P

30% wax, 10% essential and aromatic oils, 5% pollen, and 5%’Urqguay and Argentina and found that the or_igin of propolis is
various o’ther substances, including orga’nic debris ’(6) The résins of the poplar tree. Therefore, the objective of this research
analyses of the phenolic c,ompounds preserfapulus nigré was to investigate the chemical composition and some biological

bud exudates clearly support that it is the origin for propolis in activity of propolis in northern Argentina.

continental Europe, North America, western Asia, and New

Zealand (7—9). It is also reported that in areas where poplars MaTERIALS AND METHODS

are not native plants, such as Australia and equatorial regions

in South America, bees that use propolis will seek other plants  Propolis. Twenty-five samples of propolis were collected in northern
from which to gather exudates. We have collected 500 samplesArgentina, and one sample represents propolis from one beehive. The
of propolis obtained by Africanizedpis melliferain Brazil; ethanolic extract of propolis was prepared as described by Park et al.
the respective propolis samples were extracted with ethanol, (14)- The respective propolis sampte30-50 g) was frozen in a freezer
and those extracts were analyzed by the appearance of measurd"d then immediately ground to a fine powder with a Waring blender.
ment of absorption spectra by UV spectrophotometry, reversed Then 2 g of thepowder was mixed with 25 mL of 80% ethanol and

. . shaken at 70°C for 30 min. After extraction, the mixture was
phase high-performance thin-layer chromatography (RPHPTLC), centrifuged to give ethanolic extracts of propolis, and the supernatants

were used for analysis.
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T Universidad Nacional de Tucuma of Propolis. The extracts, 25%:L, were mixed with 30 mL of 80%
8 State University of Campinas. ethanol, and the mixtures were scanned to obtain the absorption spectra
#University of Rochester. at wavelengths between 200 and 600 nm by UV spectrophotometer.

10.1021/jf040130h CCC: $30.25 ~© 2005 American Chemical Society
Published on Web 01/25/2005



Biological Activity of Argentine Propolis J. Agric. Food Chem., Vol. 53, No. 4, 2005 1167

Functions: Scan Functions: Scan
Oy (hmax 4290 nm) 28008 T (s af 300-325 um)

_Abs-1,0931-1.0978 ¢

I A
el \ TN
b

[Abs]

\

e b ﬁ..J.-.em 1 CN_ 4___1

was Wavelength (nm) bes- e Wavclengtix (nm) T

™— 2.9808

6688 Lo ; y 549 . FITR]) - —
Wavelength (nm) Wavelength (nm) B
,nus)rlig (s 26290 om) 2.8888 23 {(Amax 3t 300-328 am) ;
O AbsD63I8 . _Abs-1.0362-10398 f

3 Omeiat2700m) |
L Abe0501S

tAst'\
7658 i ; AT \ :
Wavelength (nm)_ . Warelongth (orm) —

veee 17 (Amaxat250 um)
o ADSOAITY

[abst)

(311

T

-aeed 2 (Amax at 290 am)

2.88a3 11 Abi'o
.. DbsO6IBS R

[Abs] ' [ Abs]

N

i 9.9098
Ty 7888

o888

T Wavelength (nm) Wéveiength (nm)

Figure 1. Measurement of absorption spectra of ethanolic extracts of propolis.

RPHPTLC. Precoated plates of silica gel RP-1845 for RPHPTLC The antiradical activity was calculated as a percentage of DPPH
were purchased from Merck Co. The method was described by Park etdecoloration using the following equation:
al. (14). A 3uL portion of the ethanolic extract of propolis was applied
to the lower edge of the plate, and ascending chromatography was run
using a mobile phase of ethanol/water (55:45, v/v). The detection of
flavonoids was carried out using UV visualization at 366 nm. Antimicrobial Activity of Ethanolic Extracts of Propolis. Ex-
RPHPLC. Analysis of flavonoids from ethanolic extracts of propolis  gmination of propolis sensitivity tBtaphylococcus auredsT CC 25923
was performed by RPHPLC with a liquid chromatograph equipped with was determined according to the method described inli@fnd 20.
a YMC Pack ODS-A column (RP-18, column size4.6 x 250 mm; Actively growing nutrient broth cultures @&. aureuswere inoculated
particle size= 5 um) and a photodiode array detector (SPD-M10A, in nutrient agar plates with sterile swabs, which were dipped in broth
Shimadzu Co.). The column was eluted by using a linear gradient of cylture and applied to the extracts of propolis disk on the inoculated
solvent water (solvent A) and methanol (solvent B), starting with 30% plate, and incubated overnight at 32. The extracts of propolis were
of B (0—15 min) and increasing to 90% (55 min), held at 90% B prepared by submerging 4. into Whatman filter paper no. 3 disks
(75—95), and decreasing to 30% of B (9505 min) with a solvent (5 x 1 mm) and dried under low vacuum at room temperature overnight
flow rate of 1 mL/min and detection with a diode array detector. and then incubating at 6@ for 4 h.
Chromatograms were recorded at 268 nm. The authentic standards of Analysis of Total Phenolic Content. The concentration of total
flavonoids were purchased from Extrasynthese Co., Genay, France.phenolics of ethanolic extracts of propolis was determined using the
Pinobanksin, pinobanksin-3-acetate, and dimethylallylcaffeic acid were Eqjin—Ciocalteu reagent as described by Yu et 28)( The reaction
donated by Dr. E. Wollenweber, Darmstadt, Germany. mixture contained 0.1 mL of the extracts, 0.5 mL of FeliBiocalteu
Antiradical Activity Determination. Free radical scavenging ef-  reagent, and 1.5 mL of 20% sodium carbonate. The final volume was
ficiency of the ethanolic extracts of propolis was determined using the brought up to 10 mL with deionized water. Aft& h of reaction at
1,1-diphenyl-2-picrylhydrazyl (DPPH) (15—18) method described in  room temperature, the absorption was measured at 760 nm and the
refs15—-18 Respective extracts of propolis samplesu20were mixed phenolic content calculated using gallic acid as a standard. Results were
with 980uL of methanol, and the mixture was added to 2 mL of DPPH  expressed as milligrams per gram of propolis of gallic acid equivalents.
solution (10 mg/L in 80% methanol). Five minutes later, the absorbance
was measured at 517 nm. A reference sample was prepared with 1 MLgegyL TS AND DISCUSSION
of methanol. Reduction of DPPH by an antioxidant or by a radical
species results in a loss of absorbance. Thus, the degree of decoloration Propolis Samples.Twenty-five samples of propolis were
of the solution indicates the scavenging activity of the added sample. collected from seven different regions in northern Argentina:

antiradical activity= 100 x
(1 — absorbance of sample/absorbance of reference)
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Figure 2. RPHPTLC of ethanolic extracts of propolis.

Table 1. Flavonoids and Other Chemical Constituents of Propolis?

propolis sample

peak compound 3(SE3) 4 (SE4) 8(T1) 14 (CH 2) 17(S3) 19(S5) 22(C3)

1 coumaric acid 2.27 5.63 1.68 16.35 6.46 0.92 8.65
2 ferulic acid 0.79 2.14 6.42 0.51 241 0.76 4.36
3 cinnamic acid 0.92 157 8.26 nd? 1.63 0.54 1.83
4 pinobanksin 4.80 9.95 3.62 nd 10.29 2.86 6.22
5 quercetin 0.78 2.84 1.74 nd 2.29 0.75 1.03
6 kaempferol 0.77 nd 1.15 nd 0.18 0.70 nd

7 apigenin 3.05 3.32 1.83 1.37 1.04 1.19 2.85
8 pinocembrin 5.27 12.75 48.39 nd 14.83 7.32 17.27
9 1,1-dimethylallylcaffeic acid 1.17 nd 174 nd 0.46 0.50 1.34
10 chrysin 2.58 0.33 5.82 nd 341 10.14 1.93
11 galangin 1.42 nd 0.39 nd 3.17 9.07 0.87
12 kaempferide 2.49 nd 2.28 nd 0.86 2.16 3.23
13 tectochrysin 2.32 nd 4.25 nd 191 4.45 1.67

a Milligrams of flavonoids per gram of propolis. ? Not detected.

7 samples from Santiago del Estero (SE), 5 samples from shows only four representative samples, numbers 4, 17, 19, and
Tucuman (T), 2 samples form Chaco, 5 samples from Salta (S),22. The absorption peak at 290 nm is similar to that of propolis
4 samples from Catamarca (C), 1 sample from Jujuy (JUJ), andgroup 3, which was collected in southern BraZiD( 13). In
1 sample from Misiones (MIS). Ethanolic extracts of propolis the case of samples 8 from Tucuman (T) and 23 from Catamarca
were prepared from all samples as described under Materials(C), the absorption spectra were different as compared to the
and Methods. The respective ethanolic extracts were examinedpropolis that showed an absorption peak withx at 290, and
for UV absorption spectra, RPHPTLC, RPHPLC, concentration these two samples had one broad band from 300 to 325 nm.
of total phenolics, antimicrobial activity, and antiradical activity. Propolis samples 11, 13, 14, 24, and 25 did not show significant
Measurement of Absorption Spectra. The absorption absorption spectra.
spectra of respective ethanolic extracts of propolis were RPHPTLC Profiles. Ethanolic extracts of all the propolis
measured, and the results are showrFigure 1. All seven samples were examined by RPHPTLC, and the results are shown
samples of propolis from Santiago del Estero (SE), three samplesin Figure 2. RPHPTLC revealed the same profiles except for
(9, 10, and 12) from Tucuman (T), all five samples {11D) samples 4, 8, 11, 13, 14, and-225; the profiles were similar
from Salta (S), and three samples {2Z2) from Catamarca (C)  to the RPHPTLC profile of propolis group 3 (G3) and 3 (poplar
showed one absorption peak withax at 290 nm.Figure 1 resinous exudates) from southern Brazil, which were published
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Figure 3. RPHPLC of ethanolic extracts of propolis.

inrefs10,13, andl4. These results suggested that the botanical Qualitative and Quantitative Comparisons of the Fla-
origin of these propolis samples is the poplar tree. Samples 4vonoid Profiles. The identification of flavonoids and other
and 22 showed somewhat similar profiles, but they seem to lack phenolic compounds was also carried out by direct HPLC on a
some chemical constituents. As shown kigure 1, the C-18 reversed-phase column, and the absorption spectra result-
absorption spectra of these samples showed one absorption peailkg from diode array detection were used to distinguish peaks,
with Amax at 290 nm, and the absorption peak at 290 nm is using comparison with authentic flavonoid standards. The
similar to that of propolis group 3, which was collected in identified constituents were quantified, and the results are
southern Brazil 10, 13), but sample 4 did not contain five described inFigure 4 andTable 1. Nine different flavonoids
chemical constituents, and sample 22 lacks only one compoundwere identified and quantified in the samples of ethanolic
as compared to the other samples as showrable 1. Samples extracts, which showed one absorption spectrum Wit at

4 and 22 require further investigation. Samples 8 and 23 show 290 nm and demonstrated similar, but quantitatively different,
clearer bands than the other samples. In accordance with theRPHPTLC profiles. In the case of sample 4, only five different
results of the absorption spectra and RPHPTLC for samples 8flavonoids were identified. Samples 8 and 23 contained higher
and 23, their botanical origins seem to be different. Samples concentrations of pinocembrin, 1,1-dimethylallylcaffeic acid,
11, 13, 14, 24, and 25 did not demonstrate clear profiles. ferulic acid, and cinnamic acid as compared with other samples,
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Figure 4. Antimicrobial activity of ethanolic extracts of propolis.
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Figure 5. Antiradical activities of ethanolic extracts of propolis.

Table 2. Phenolic Content in Ethanolic Extracts of Propolis Samples

propolis concn of phenolic content,
sample location of collection mg/g of propolis
1 Santiago del Estero (SE 1) 205.61
2 Santiago del Estero (SE 2) 200.75
3 Santiago del Estero (SE 3) 237.90
4 Santiago del Estero (SE 4) 226.10
5 Santiago del Estero (SE 5) 182.25
6 Santiago del Estero (SE 6) 190.34
7 Santiago del Estero (SE 7) 225.00
8 Tucuman (T 1) 358.80
9 Tucuman (T 2) 23041
10 Tucuman (T 3) 194.12
11 Tucuman (T 4) 32.50
12 Tucuman (T 5) 202.50
13 Chaco 1 58.23
14 Chaco 2 67.60
15 Salta (S 1) 101.20
16 Salta (S 2) 198.60
17 Salta (S 3) 21052
18 Salta (S 4) 197.00
19 Salta (S 5) 240.10
20 Catamarca (C 1) 200.76
21 Catamarca (C 2) 290.00
22 Catamarca (C 3) 295.23
23 Catamarca (C 4) 330.55
24 Jujuy 98.00
25 Misiones 89.00

Antimicrobial Activity of Propolis. Antimicrobial activity
of all samples toS. aureusATCC 25923 was measured
according to the method described above, and the results are
shown inFigure 5. Samples 8 and 23 demonstrated the highest
inhibition of the bacterial growth as compared with other
samples. These different patterns of sensitivity are due to
different flavonoids in propolisl9). As shown irfables 1and
2, samples 8 and 23 contained highest concentrations of
pinocembrin and phenolic content when compared with the other

but sample 4 did not constitute 1,1-dimethylallylcaffeic acid, samples (sample 23 is not listedTiable 1, but its quantitative
which is a common propolis constituent that bees collect from profile of flavonoids resembles that of sample 8). Previously,
poplar resinous exudates and that has been implicated as a@ensitivity of ethanolic extracts of propolis ® aureusand

causative agent of contact allergies in bee keefts22).

Streptococcus mutangas examined in this laboratory, and it
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The antiradical activity
was calculated as a % of DPPH discoloration
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Figure 6. Antiradical activities of ethanolic extracts of porpolis.

was found that all propolis samples from various regions in LITERATURE CITED
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