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Propolis and other bee products, due to their
safety of use and numerous health-promoting proper-
ties are more and more commonly used in the pre-
vention or treatment of many diseases including ath-
erosclerosis, cardiovascular diseases, cancers, dia-
betes and anti-inflammatory disorders. Different
compounds have been identified in propolis extracts,
including valuable phenolic compounds such as phe-
nolic acids and flavonoids, as well as terpene and
sesquiterpene alcohols and their derivatives,
enzymes, vitamins and minerals, aromatic aldehydes,
carbohydrates, aminoacids, coumarins, and steroids
(1-5). However, the beneficial effects of propolis and
its constituents on health result mainly from the pres-
ence of phenolic acids and flavonoids, which exert

anti-inflammatory, anti-microbial, anti-carcinogenic
as well as anti-oxidative activities (6-9). 

Among the antioxidants present in propolis the
most important are flavonoids, caffeic acid
phenethyl ester (CAPE), kaempferol, cinnamyl caf-
feate, vitamin C and E (10-15). 

The majority of therapeutic effects of propolis
have been extensively attributed to a wide range of
its active constituents. However, a resinous original
form of propolis collected and elaborated by honey-
bee needs to be chemically treated before it can be
used as a therapeutic agent. These procedures are a
cause of partial loss of biologically active sub-
stances responsible for anti-oxidative capacity of
propolis. Moreover, propolis solutions do not retain
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all the compounds originally contained in native
propolis since they are not completely soluble in any
known solvent. A number of methods are being
developed in order to extract beneficial components
from propolis, including water-based extraction
techniques, alcohol extraction methods or supercrit-
ical fluid extraction procedures (16, 17). Consi-
dering different types of processes used to obtain
propolis extract, the alcohol is the first choice of sol-
vent for extracting the bioactive substances with
high affinity (17, 18).

Thus, the aim of our study was to determine
and compare the free radical scavenging activities of
ethanolic extracts of propolis (EEP) at different con-
centrations i.e. 3, 7 and 10%. Anti-oxidative activi-
ty of EEP was determined with the use of EPR and
their ability to quench DPPH free radicals was
assessed. The influence of the environmental condi-
tions of storage of the propolis samples on their
interactions with free radicals was also determined.
Optimization of the storage conditions of propolis
extracts was the practical aspect of this work. The
admissibility of the temperature increasing up to
50OC and exposition to UV-irradiation, was tested
from the point of view of a free radical. We assumed
that the anti-oxidative properties of the propolis
extracts should be stable during storage. The per-
formed EPR studies had an innovatory character. In
our work we implemented for the first time electron
paramagnetic resonance (EPR) spectroscopy as an
experimental tool for testing the stability and at the
same time evaluating the effect of the environmen-
tal factors on the quality of the ethanolic and water
Polish propolis formulations. Free radical scaveng-
ing activity of 3, 7, and 10% EEP had not been
examined by electron paramagnetic resonance spec-
troscopy before.

EXPERIMENTAL

Characterization and treatment of the ethanolic

extracts of propolis 

The samples of the study were ethanolic
extracts of propolis at three different concentrations,
i.e. 3% EEP [propolis content: 3% (25 mg/mL),
ethanol content: max 93% (v/v)], 7% EEP [propolis
content: 7% (58 mg/mL), ethanol content: max 60%
(v/v)] and 10% EEP [propolis content 10%, 70%
ethyl alcohol, ethanol content: max 60% (v/v)]. 3%
ethanolic propolis extract was obtained from the
Apipol-Farma sp. z o.o., Myúlenice, Poland and was
authorized under the certificate 4482. Ethanolic
extracts of propolis at the concentrations of 7 and
10% were obtained from Farmapia, KrakÛw, Poland

and Bartpol s.c., PoznaÒ, Poland and were author-
ized under the 4433 and 4230 certificates, respec-
tively. 

The propolis alcohol extracts stored at room
temperature, at the temperature of 50OC, and
exposed to UV-irradiation, were studied. The
extracts were heated at the temperature of 50OC in
the professional hot air oven with air circulation of
Memmert (Germany) during 30 min. Time of UV-
irradiation was also 30 min. The Medisun 250 lamp
(Germany), which produced UVA radiation with the
wavelengths (λ) in the range of 315-400 nm, was
used. This lamp was equipped with 4 radiators with
the power of 20 W. The distance between the lamp
and the propolis sample was 30 cm. 

EPR analysis

The free radical scavenging activity of propolis
ethanolic extracts was examined by the electron
paramagnetic resonance spectrometer of Radiopan
(PoznaÒ, Poland) and the model DPPH (1,1-
diphenyl-2-picrylhydrazyl) free radicals. DPPH
molecule was paramagnetic and the unpaired elec-
tron was located on nitrogen (N) atom, as is shown
in Figure 1 (19, 20). DPPH in ethanolic alcohol
solution (95%) was the free radical reference. EPR
spectra of DPPH in ethanolic alcohol solution and
DPPH in contact with the tested propolis samples,
were measured. The solutions were located in thin-
walled glass tubes with the external diameter of 1
mm. The masses of DPPH were obtained by
Sartorius CPT (Germany). 

An X-band (9.3 GHz) type of EPR spectrome-
ter with a magnetic modulation of 100 kHz was used
in this study. Microwave frequency was measured
by MCM101 recorder of EPRAD (PoznaÒ, Poland).
Klystron with the total power of 70 mW produced
microwaves. The spectra were obtained without a
saturation effect by applying the low microwave

Figure 1. Chemical structure of DPPH free radical, where unpaired
electron was presented as (●)



The influence of storage temperature and UV-irradiation on... 1835

power of 2.2 mW. EPR spectra were numerically
recorded by the data acquisition system ñ the Rapid
Scan Unit of Jagmar (KrakÛw, Poland).

For the EPR spectra of DPPH, the amplitudes
(A) [+0.02 a.u.], and g-factors [+0.0002], were
determined. The free radical scavenging activity of
the propolis samples was determined as the ampli-
tudes (A) of the DPPH EPR lines after addition of
the propolis extract to the ethanolic alcohol solution
decreased (21-26). It reflected the anti-oxidative
character of the sample. Kinetic tests were done.
The changes of amplitudes (A) of DPPH interacting
with the individual propolis sample with an increase
of time up to 60 min by 5 min was evaluated. The g-
factors were calculated from the resonance condi-
tion according to the following formula: g =
hν/µBBr, where: h ñ Planck constant, ν ñ microwave
frequency, µB ñ Bohr magneton, Br ñ induction of
resonance magnetic field (27-29). 

The amplitude (A) of EPR line of DPPH was
obtained with the accuracy of [+0.02 a.u.]. The
accuracies of the microwave frequency (ν) and the
induction of magnetic field (B), were [+0.0002
GHz] and [+0.01 mT], respectively. The g-value
was determined with the accuracy of [+0.0002]. The
errors for the spectral physical values were deter-
mined by the total differential method, which con-
cerned errors of all the factors affecting the deter-
mined value. The differential of a function contains
its derivatives with respect to all factors. EPR analy-
sis was done with the professional spectroscopic
programs of JAGMAR (KrakÛw, Poland) and
LabVIEW 8.5 of National Instruments (USA).

RESULTS AND DISCUSSION

The examined propolis ethanolic extracts: 3, 7,
and 10%, showed an anti-oxidative activity, i.e. free

Figure 2. EPR spectra of DPPH interacting with the unheated and non-irradiated a) 3%, b) 7%, and c) 10% ethanol extracts of propolis
during 5, 20, and 60 minutes. B ñ magnetic induction

Figure 3. The influence of time (t) of interactions on amplitudes (A) of EPR lines of DPPH in contact with unheated and non-irradiated 3,
7, and 10% ethanol extracts of propolis
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radical scavenging activity. They interacted with the
model DPPH free radicals and they caused quench-
ing of the DPPH free radical EPR lines. The quench-
ing of the DPPH free radical EPR signals resulted
from the quenching of free radicals in the tested
solutions by the propolis samples. The quenching of
the EPR lines of DPPH increased with increasing
time of the interactions. The decrease of the EPR
signals of DPPH free radicals caused by contact
with the untreated 3, 7, and 10% propolis extracts is
visible in Figure 2. The g-factors of the all measured
EPR lines of DPPH were 2.0036.

The anti-oxidative capacity of the ethanol-sol-
uble propolis extracts, which has been proven in our
study, seems to be associated with the presence of
phenolic compounds, especially flavonoids, in the
analyzed EEP. It is known that native propolis con-
tains about 25 different flavonoids at significant
concentrations (approximately 25ñ30% of its dry
weight) (4). Among them in Polish propolis the fol-
lowing flavonoids have been identified: apigenin,
tectochrysin, chrysin, galangin, pinocembrin,

genkwanin, kaempferol, and 5-hydroxy-4í,7-di-
methoxyflavone, pilloin and pinostrobin chalcone
(14). Many reports on the relation between the anti-
oxidative properties of bee products and their phe-
nolic compounds content have been published so far
(10-16), however the free radical-scavenging ability
of commercially available ethanolic Polish propolis
extracts was assessed for the first time.

High temperature of storage and UV-irradiation
could change the anti-oxidative properties of the
propolis extracts. The kinetics of interactions of 3, 7,
and 10% EEP, for the original samples before heat-
ing and UV-irradiation, is shown in Figure 2. The
amounts of the scavenged DPPH free radicals
increased with increasing time (t) of the interactions
with the propolis samples. The decrease of the ampli-
tudes (A) of the DPPH EPR lines with increasing
time (t) is presented in Figure 3. After reaching the
minimum, the values of amplitudes (A) stabilized. 

The ethanolic extract of propolis at the concen-
trations of 3, 7, and 10%, after both heating at the
temperature of 50OC and UV-irradiation, exhibited

Figure 4. EPR spectra of DPPH interacting with the a) 3%, b) 7%, and c) 10% propolis extracts heated during 5, 20, and 60 minutes. B ñ
magnetic induction

Figure 5. EPR spectra of DPPH interacting with the UV-irradiated a) 3%, b) 7%, and c) 10% propolis extracts during 5 minutes, 20 min-
utes, and 60 minutes. B ñ magnetic induction
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Figure 6. The effect of heating at the temperature of 50OC and UV-irradiation on changes of amplitudes (A) of EPR lines of DPPH in con-
tact with a) 3%, b) 7%, and c) 10% propolis extracts with increasing interaction time (t). Times of both heating and UV-irradiation were
30 minutes
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the anti-oxidative properties. The heated and UV-
irradiated propolis samples 3, 7, and 10%, quenched
the EPR lines of DPPH free radicals. The free radi-
cal scavenging activity of these samples, stored at
the temperature of 50OC is visible in Figure 4. The

spectra of DPPH were quenched with increasing
time of contact of 3, 7, and 10% samples. The free
radical scavenging activity of UV-irradiated 3, 7,
and 10% samples is shown in Figure 5. The spectra
of DPPH interacting with UV-irradiated propolis

Figure 7. Comparison of the stabilization times (t) of DPPH interactions with propolis extracts (3, 7, 10%) for: the unheated and non-irra-
diated samples, the heated samples, and the UV-irradiated samples

Figure 8. Comparison of the amplitudes (A) of EPR lines of DPPH in contact with propolis extracts (3, 7, 10%) for: the unheated and non-
irradiated samples, the heated samples, and the UV-irradiated samples. Data for interaction time of DPPH with the propolis extracts = 60
minutes
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extracts were lower for the longer times of contact
of 3, 7, and 10% samples.

The effect of heating at the temperature of 50OC
and UV-irradiation on the kinetics of the interactions
of propolis extracts 3, 7, and 10% samples, with
DPPH free radicals was compared in Figure 6. The
amplitudes (A) of DPPH lines in contact with the
original ñ the untreated, the heated and the UV-irra-
diated propolis extracts decreased with increasing
time (t) of interactions, reached the minimum, and
then stabilized. The kinetics was modified by heating
and UV-irradiation of 3, 7, and 10% samples. 

The times (t) of stabilization of the amplitudes
(A) of DPPH EPR lines for the untreated, heated and
UV-irradiated propolis extracts 3, 7 samples, and
10%, were compared in Figure 7. Stabilization time
(t) increased for the untreated propolis extracts in
the following order: 3% < 7% < 10%. The heating of
the propolis samples at the temperature of 50OC
decreased the quenching of DPPH free radicals by 7
and 10% (Fig. 7). The fastening of interactions with
DPPH free radicals was also observed for UV-irra-
diated 7, and 10% propolis samples, and they were
slower for UV-treated 3% extract.

The minimum amplitudes (A) of DPPH EPR
lines for the interactions with the untreated, heated,
and UV-irradiated propolis extracts 3%, 7%, and
10% samples, were compared in a diagram in Figure
8. The three propolis ethanolic extracts differed in a
scavenging activity of the model DPPH free radi-
cals. The scavenging activity of the unheated and
non-irradiated propolis samples decreased in the fol-
lowing order: 10% > 7% > 3%. Storage of the
propolis extracts at the temperature of 50OC
decreased the scavenging activity of 7, and 10%
extracts. This effect was not observed for 3%
extract. UV-irradiation increased the quenching of
DPPH free radical by the analyzed 3% ethanolic
propolis extract. UV-irradiation decreased the scav-
enging activity of both 7%, and 10% extracts. 

This examination confirmed that EPR spec-
troscopy may be used to determine the best condi-
tions of storage of propolis extracts from the point of
view of a free radical. Storage conditions should not
considerably change the free radical scavenging
activity of the propolis samples. The tested 3, 7, and
10% ethanolic extracts of propolis should not be
stored at the temperature of 50OC and under UV-
irradiation, because these conditions modified their
interactions with free radicals. Due to the changes of
the anti-oxidative properties and the kinetics of
interactions with free radicals, the 3, 7, and 10%
propolis extracts should not be exposed to the tem-
perature of 50OC and UV-irradiation.

The obtained results indicate that the 3%
ethanolic extract of propolis is more stable for stor-
age at 50OC, and less than other analyzed EEP sus-
ceptible for UV-irradiation. This effect probably
results from the percentage concentration of the ana-
lyzed ethanolic extracts and is related to the content
of the active substances of propolis. However, the
observed differences could be also attributed to the
different producer of the market products used for
the analyses. The achieved EPR results will find
important application in medicine and pharmacy.
Medicinal application indicated that the ethanolic
propolis extracts, exhibited anti-oxidative interac-
tions. The powerful anti-oxidative activity of propo-
lis formulations makes it a useful tool for prevention
or treatment of free radical-mediated disorders. The
pharmaceutical usefulness of the spectroscopic
results was that the higher temperature and UV irra-
diation are not neutral to the anti-oxidative proper-
ties of propolis extracts. Thus, the ERP examination
of ethanolic propolis extracts turns out to be a useful
analytical tool for defining the recommendations
concerning storage conditions of these natural prod-
ucts.

CONCLUSIONS

EPR studies proved the antioxidative character
of 3, 7, and 10% ethanolic extracts of propolis: The
examined propolis extracts quenched DPPH free
radical EPR lines. The free radical scavenging activ-
ity of the propolis extracts stored at room tempera-
ture decreased in the following order: 10% > 7% >
3% samples. The interactions of the analyzed EEP
with DPPH free radicals changed after their heating
at the temperature of 50OC and after UV-irradiation.
The storage of the samples at the higher temperature
decreased the scavenging activity of the 7 and 10%
ethanolic extracts of propolis. This effect was not
visible for 3% EEP. Moreover, 3% propolis extract
exposed to UV-irradiation revealed a higher quench-
ing of DPPH free radicals. UV-irradiation decreased
the scavenging activity of both 7%, and 10%
extracts. The comparison of the kinetics data for the
tested propolis extracts stored at room temperature
indicated that the fastest and the slowest interactions
with free radicals characterized the 3%, and 10%
extracts. Increasing the storage temperature to 50OC
or UV-irradiation changed the kinetics of the inter-
actions of 3, 7, and 10% samples, with DPPH free
radicals. Anti-oxidative properties and the kinetics
of interactions with free radicals were changing at
the higher temperature and under UV-irradiation,
therefore the 3, 7, and 10% ethanolic propolis
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extracts should not be stored at these conditions.
However, the 3% extract is more stable for storage
at 50OC and less than other analyzed EEP suscepti-
ble for UV-irradiation. EPR spectroscopy may be
proposed as a helpful method to optimize the storage
conditions of the ethanolic extracts of propolis.
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