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Microbiological and calorimetric investigations on the antimicrobial
actions of different propolis extracts: an in vitro approach�
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Abstract

The antibacterial action of three different types of propolis extracts: (i) water-extracted propolis (WEP), (ii) propolis volatiles (PV), and (iii)
ethanol-extracted propolis (EEP) were investigated by flow microcalorimetry coupled with polarography, and by Petri dish bioassay methods.
The water-extracted propolis solution had the weakest antibacterial and antifungal action, compared to the other two extracts, which showed
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ffects nearly similar to each other. Filamentous fungi were generally less sensitive to propolis than bacteria and yeasts, regardles
r concentration of propolis.
Propolis displayed both bacteriostatic and bactericidal actions depending on the concentration, type of propolis, and type of bac

he Gram negative bacteriumE. coli was insensitive to most treatments, and higher concentrations of propolis were required to
actericidal effects.
Treatments of bacteria with weak propolis concentrations caused a decrease in the calorimetric power-time (p–t) curves to low
hich the curves remained for the rest of the experimental period, decreased to the baseline with the course of time, or revived

ime and attained peaks. The treatment with strong concentrations, however, caused the curves to descend to the baseline imme
2004 Elsevier B.V. All rights reserved.
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. Introduction

Propolis has been used by man since early times for var-
ous purposes, especially as a medicine because of its an-
imicrobial properties[1,2]. Ancient Greek texts refer to the
ubstance as a “cure for bruises and suppurating sore”, and

n Rome propolis was used by physicians to make poultices.
ecords from twelfth century Europe describe medical prepa-

ations using propolis for the treatment of mouth and throat
nfections, and dental cares[3]. Several antimicrobial activ-
ties have been ascribed to propolis including antibacterial
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[4–14] antifungal[13–17], antiprotozoan[18–21], and an
tiviral [20–22], among others.

The medicinal use of propolis was nearly forgotten
modern era due to the discovery and effective use o
tibiotics. Nowadays, however, since several pathogen
developing resistance to potent antibiotics, and the latter
ing side effects in humans, there is an increased ne
search and screen for new antimicrobial agents is gro
[23,24].

Regardless of the increasing emergence of drug res
microbes, the pace at which new antimicrobials are dis
ered and produced is slowing and the so-called new
emerging pathogens are aggravating the problem[25]. The
mechanisms of antimicrobial actions of antibiotics and th
sistance mechanisms by most microbes to antibiotics are
documented[26,27]. The mechanisms of action of biocid
based on natural mixtures, such as propolis, are how
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poorly understood due mainly to the several target sites they
have within a bacterial cell[28,29].

A method that is reliable enough to be used in the study of
antimicrobial agents and without severe drawbacks in such
applications is calorimetry[30]. Its heat flow signals show in
an online manner the bacteriocidic or bacteriostatic effects
and the influence of the agent on the growth kinetics of the
microbial culture, while many other methods work integra-
tively and render their results only after a rather long time
and rather unspecific. One of the aims of the present inves-
tigation was, therefore, to apply calorimetry to elucidate the
mechanism of action of propolis and to evaluate its credi-
bility compared to the often-used standard microbiological
methods in testing the effects of antimicrobials.

Research has been done on the biological activity of propo-
lis against different sorts of ailments, infections and parasites
in the past. But most investigations concentrated on only one
sample from a special geographic location, one type of ex-
tract (usually the ethanol extract, EEP), or derivatives of one
type of extract. Almost all used only the Petri dish bioassay
method with no, or very little hints about the mechanisms
behind the antimicrobial effects. Thus, a second purpose of
the present investigations was to compare the efficiency of
propolis extracts from different geographic origins, and sam-
ples from the same apiary but different hives. Such com-
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gal species: the yeastSaccharomyces cerevisiae(DSM 211)
and three filamentous fungi (ascomycete),Aspergillus niger
(DSM 737),Penicillium chrysogenum(DSM 844) andTri-
choderma viride(DSM 63065); (ii) four species of Gram
positive bacteria:Bacillus subtilis(DSM 347),Micrococcus
luteus(DSM 348),Bacillus megaterium(DSM 90),Bacil-
lus brevis(DSM 5609); and (iii) two species of Gram neg-
ative bacteria:Escherichia coli(DSM 31), Pseudomonas
syringae(DSM 5176). All strains of microorganisms were
bought from the German Collection for Microorganisms and
Cell Culture (Deutsche Sammlung von Mikroorganismen
und Zellkulturen GmbH, DSMZ, Braunschweig/Germany).
The microbes were cultivated on culture media according to
the prescription of DSMZ.

2.3. Petri dish bioassay

Minimal inhibitory concentration (MIC) values for the dif-
ferent propolis samples against the various bacterial and fun-
gal species were determined by the agar dilution method,
according to the recommendation of the National Committee
for Clinical Laboratory Standards guidelines[32].

Corresponding volumes of a 10% propolis solution or of
lower concentrations were added to the sterile agar solutions
at a temperature of 48◦C, to achieve final concentrations of
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.e. ethanol-extracted propolis (EEP), water-extracted pr
is (WEP), and propolis volatiles (PV).

. Experimental

.1. Propolis acquisition and preparation of different
xtracts

Propolis samples were obtained from different coun
y personal contact with beekeepers and scientists i
orresponding countries (C: Colombia, E: Ethiopia, G: G
any, I: Italy, K: Kazakhstan, P: Poland, R: Russia, SA: S
frica). All samples were obtained as solid samples and

racted in 70% ethanol or distilled water according to prev
ethods[31] to obtain the corresponding propolis extracts
ddition to that samples were extracted by steam distilla
sing a Lickens-Nickerson apparatus following Kujumg
t al.[11] to collect the volatile components of propolis. T
xtracted and dried samples were dissolved and appli
0% ethanol in case of the ethanol extracted propolis (E
r the volatile components (PV), and in water in the cas

he water extracted propolis (WEP).

.2. Biological material

Bioassays of the antimicrobial activities of the diff
nt propolis samples were performed using (i) four
f .05, 0.1, 0.5, 1.0, 1.5, and 2% w/v propolis in the fun
rowth media and 0.005, 0.01, 0.02, 0.04, 0.06, 0.08, 0
/v propolis in the bacterial and yeast growth media.
lates were inoculated with an actively growing standard
robial suspension and incubated at a temperature of◦C
or 24 h for bacteria and at 25◦C for 48–72 h for fungi. Th
IC value was the lowest concentration of propolis tha
ibited any visible growth of bacteria, yeast, or fungi.

.4. Calorimetric bioassay

All calorimetric experiments were conducted with b
eria at a temperature of 30◦C using a flow calorimete
Type 10700-1, LKB Bromma, Sweden) with a sensitiv
f 61.6�V mW−1. The calibration of the flow-through ce
as performed regularly by means of the incorporated J
eater and only from time to time by the triacetin method
osed by Chen and Wadsö [33]. The calorimetric heat flo
ignals were divided by volume of the flow-through spira
.587 ml to obtain the specific heat flow rates presente
igs. 1–3. The calorimeter was connected by a Teflon tu
mm inner diameter and less than 1 m length to an ext

ermenter, a 50 ml reaction vessel with 20 ml nutrient br
laced in a water bath at 30◦C. The bacterial culture was c
ulated from the fermenter to the calorimeter and back us
eristaltic pump (type LKB Pharmacia, Bromma, Swede

he outlet of the calorimeter in a sucking mode with a pu
ng rate of 56 ml h−1. The culture was vigorously stirred w

magnetic stirrer in order to avoid settling of cells and m
mize depletion of oxygen in the fermenter and in the fl
ine. Because of the high pumping rate, oxygen consum
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Fig. 1. Simultaneous recording of (a) oxygen tension in the flow line, (b)
oxygen tension in the fermenter, (c) number of colony forming units (CFU),
and (d) heat production rate of untreated cultures of (i)B. megateriumand
(ii) E. coli in a flow microcalorimetric experiment.

Fig. 2. Simultaneous recording of (a) oxygen tension in the flow line, (b)
oxygen tension in the fermenter, (c) number of colony forming units (CFU),
and (d) heat production rate of a culture ofB. megateriumtreated with (i)
0.025% and (ii) 0.05% EEP of SA8 in a flow microcalorimetric experiment.
Arrows indicate treatment.

Fig. 3. Simultaneous recording of (a) oxygen tension in the flow line, (b)
oxygen tension in the fermenter, (c) number of colony forming units (CFU),
and (d) heat production rate of a culture ofE. coli treated with (i) 0.025%
and (ii) 0.05% EEP of P3 in a flow microcalorimetric experiment. Arrows
indicate the time of treatment.

in the flow line is mainly due to bacterial respiration and not
to leakage through the Teflon walls.

The flow calorimetric line and the calorimetric spiral were
sterilized by circulating a sterilizing solution composed of
10% H2O2 and 2% H2SO4 in 60% ethanol for 30 min before
and after each experiment. After the allocated sterilization
time the flow calorimetric set up was cleaned with 0.1 M
potassium-phosphate buffer of pH 7.0 for 1 h.

2.4.1. Microcalorimetric cultivation of bacteria
The calorimetric investigations were done only with bac-

teria. Preliminary calorimetric experiments coupled with po-
larography and the determination of Colony Forming Units
(CFU) displayed that all strict aerobes, i.e.B. megaterium,B.
subtillis,B. brevis,M. luteus, andP. syringae, have similar
patterns ofp–t curves, change in oxygen tension in the flow
line and of number of CFU, though minor differences exist
among the shape of thep–tcurves. The facultative anaerobe
E. coli, however, showed a uniquep–t curve due to the shift
of metabolism to the anaerobic phase. For this reason, further
calorimetric experiments were done usingE. colias a typical
facultative anaerobe andB. megaterium, randomly chosen as
a representative strict aerobe.

The oxygen tension in the flow line and in the fermenter
was monitored by incorporating two galvanic oxygen elec-
t 0i
rodes (WTW Cellox 325, connected to WTW Multi 34
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Table 1
Minimal inhibitory concentrations (MIC) of propolis against bacteria

Propolis type B. brevis B. megaterium B. subtilis M. luteus E. coli P. syringae

WEP 0.500 10.000 10.000 10.000 n.d. 10.000
I1 0.010 0.010 0.060 0.100 0.500 0.060
E1 0.005 0.060 0.040 5.000 n.d. 0.080
C1 0.040 0.040 0.040 0.500 n.d. 0.080
K1 0.005 0.010 0.080 0.060 0.100 0.060
G1 0.010 0.010 0.040 0.040 0.100 0.500
RUS1 0.010 0.010 0.020 0.020 5.000 0.040
P1 0.010 0.010 0.040 0.080 0.100 0.040
P2 0.010 0.010 0.040 0.500 0.100 0.500
P3 0.040 0.010 0.040 0.060 0.100 0.100
P4 0.060 0.010 0.040 0.060 0.100 0.100
SA1 0.005 0.010 0.005 0.020 0.100 0.005
SA3 0.005 0.060 0.005 0.040 5.000 0.060
SA5 0.005 0.005 0.005 0.005 1.000 0.005
SA6 0.005 0.005 0.005 0.005 5.000 n.d.
SA8 0.005 0.005 0.005 0.060 1.000 0.010
SA11 0.005 0.060 0.060 0.080 1.000 0.040

MIC values (% w/v) of EEP from different geographic origins, and of a WEP from Germany, against bacterial species, determined by the agar dilution on plate
method. n.d. indicates that no inhibitory concentration was detected in the range tested, up to 10% w\v.

Data logger, Wissenschaftlich Technische Werkstätten, Weil-
heim, Germany) one in the fermenter, and the other in the flow
line at the outlet of the calorimeter. The number of CFU was
determined by removing 50�l cultures from the outlet of the
calorimeter (inlet of the fermenter) every 30 min. The sam-
ples were serially diluted and plated on Standard I nutrient
agar, incubated for 24 h at 30◦C, and the number of CFU was
counted.

2.4.2. Treatment of bacteria with propolis
Treatment of bacteria with propolis was done in the ex-

ponential growth phase by adding corresponding volumes
of a 10% EEP stock solution to achieve final propolis con-

Table 2
Minimal inhibitory concentrations (MIC) of propolis against fungi

Propolis type T. viridae A. niger P. chrysogenum S. cerevisiae

WEP n.d. n.d. n.d. 5.00
I1 1.00 1.00 1.00 0.10
E1 n.d. 2.50 1.00 0.50
C1 n.d. 0.50 1.50 0.10
K1 0.50 0.50 0.50 0.04
G1 1.50 1.50 1.50 0.10
RUS1 2.00 1.00 1.50 0.50
P1 1.00 1.50 1.00 0.04
P2 1.00 1.00 0.50 0.50
P
P
S
S
S
S
S
S

M of a
W deter-
m itory
c

centrations of 0.005, 0.0125, 0.025 or 0.05% (w/v). As the
WEP solutions were ineffective at these concentration levels,
larger volumes of the stock solution were added to the culture
to achieve concentrations of 0.05, 0.125, 0.25 or 0.5% (w/v).
The experiments with WEP and PV were done only with G1
due to its sufficient availability. Corresponding volumes of
60% ethanol and distilled water were used as controls.

2.4.3. Determination of calorimetric MIC and MBC
values

The minimum concentration of propolis that resulted in
a drop of thep–t curve, was considered as the MIC value
against the corresponding bacteria. The minimal concentra-
tion of propolis that killed bacteria and hence caused the heat
production rate to decrease to the baseline either immediately
or first to a level above the base line and gradually, with in-
cubation time, to the baseline was considered as the minimal
bactericidal concentration (MBC).

3. Results

3.1. Differences in the sensitivity of the chosen
microorganisms to propolis extracts

Comparison of sensitivity of the different test organisms in
v s
t polis
t ples
a t for
E .5%
w

han
m hree
m rium
E by
3 0.50 1.00 0.50 0.04
4 0.50 1.00 0.50 0.10
A1 n.d. 1.00 1.00 0.10
A3 n.d. 1.00 1.00 0.50
A5 10.00 1.00 1.00 0.06
A6 n.d. 1.00 1.00 0.08
A8 2.00 1.00 1.00 0.01
A11 2.00 1.00 1.50 0.50

IC values (% w/v) of EEP from different geographic origins, and
EP from Germany against various filamentous fungi and a yeast
ined by the agar dilution on plate method. n.d. indicates that no inhib

oncentration was detected in the range tested, up to 10% w/v.
iew of the MIC values displayed inTables 1–3demonstrate
hat filamentous fungi are generally less sensitive to pro
reatment. The MIC values of the various propolis sam
gainst bacteria lie between 0.005 and 0.5% w/v excep
. coli (Table 1), whereas it amounts between 0.5 and 2
/v propolis against filamentous fungi (Table 2).
The yeast showed significantly higher MIC values t

ost bacteria, but significantly lower ones than the t
oulds. Among the bacteria, the Gram negative bacte
. coliwas highly resistant to propolis treatment followed



A. Garedew et al. / Thermochimica Acta 422 (2004) 115–124 119

Table 3
Minimal inhibitory concentrations (MIC) of propolis volatiles (PV)

E1 C1 G1 P1 P2 SA1 SA3 SA5 I1

B. brevis 0.01 0.10 0.08 0.04 0.04 0.01 0.01 0.01 0.08
B. megaterium 0.10 0.10 0.08 0.04 0.04 0.04 0.10 0.04 0.08
B. subtilis 0.08 0.10 0.08 0.08 0.08 0.01 0.01 0.01 0.08
M. luteus n.d. 1.00 0.08 0.10 1.00 0.06 0.08 0.02 0.08
E. coli n.d. n.d. 0.50 0.50 0.50 0.50 n.d. 5.00 0.50
P. syringae 0.10 0.10 1.00 0.06 1.00 0.01 0.01 0.01 0.50
S. cerevisiae 1.00 0.50 0.50 0.08 1.00 0.50 1.00 0.10 0.50
A. niger 5.00 1.00 5.00 2.50 2.50 5.00 5.00 5.00 2.50
P. chrysogenum 5.00 2.50 5.00 2.50 2.50 5.00 5.00 5.00 2.50
T. viridae n.d. n.d 5.00 2.50 2.50 n.d. n.d n.d n.d.

MIC values (% w/v) of propolis from different geographic origins against various bacterial and fungal species determined by the agar dilution on plate method.
n.d. indicates that no inhibitory concentration was detected in the range tested, up to 10% w/v.

the other Gram negativeP. syringae.E. colidid not show any
recognizable response to the 10% treatments with E1, C1,
and WEP.

The two mouldsA. nigerandP. chrysogenumexhibited
similar sensitivities to treatment with all propolis samples.
However,T. viridaewas insensitive to three of the six South
African samples (SA1, SA3 and SA5), to the samples from
Ethiopia (E1) and Colombia (C1) and the water-extracted
propolis (WEP) at a 10% concentration. All filamentous fungi
were insensitive to 10% WEP.

The water-extracted propolis (WEP) proved to be signifi-
cantly less active (P< 0.05,t-test) than the ethanol-extracted
one from the same apiary (G1) as displayed by the higher MIC
value against each organism tested. Inferiority of the antimi-
crobial action of WEP of G1 also holds true when compared
to the ethanol-extracted propolis samples obtained from dif-
ferent geographic regions.

The minimal concentrations of propolis needed to inhibit
microbial growth were higher in case of the PVs than the
EEPs. A two- to ten-fold concentrated PV was needed in
order to get a complete inhibition of bacterial growth as
would be achieved by the EEP of the same propolis sam-
ple (cf.Tables 1 and 2with Table 3). The filamentous fungi
were less sensitive or even insensitive to the volatile compo-
nents of propolis at lower concentrations, as in the case of
t sitive
t (M.
l en
t
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cell density of 1.47× 108 CFU ml−1, about twice as much
as that at thep–tpeak (7× 107 CFU ml−1) about 2 h before.
The heat production rate then remained at a lower level and
the number of CFU at a higher level. In case ofE. coli, how-
ever, the nature of thep–t curve showed a different pattern.
After thep–tcurve achieved its peak at 0.62�W ml−1, it de-
scended to a level of about 0.21�W ml−1, ascended again
until it achieved a level at about 0.5�W ml−1, lower than the
first aerobic peak at 0.62�W ml−1 (Fig. 1ii). It remained at
this level for the rest of the experimental period.

The simultaneous monitoring of oxygen tension in the
flow line and in the fermenter displayed a big disparity be-
tween them at higher cell densities in the middle and late
exponential growth phase. At lower cell densities, at the lag
phase and early exponential phase of growth, the tension of
oxygen in the flow line and in the fermenter were roughly
similar, the latter showing a slightly higher value, by about
30�mol l−1. The beginning of the exponential growth was
marked by an increase in the difference of the oxygen tension
between that in the fermenter and in the flow line.

3.2.2. Effect of propolis treatment on bacterial culture
properties

After treatment with 0.025% SA8, the heat production
rate of B. megateriumdecreased suddenly from 0.39 to
0 ow
l
2 w-
e
1 th
s ieved
a of
a e
o de-
c to a
v ch
t sub-
l -
i
E thal
a

he ethanol extracts of propolis. Bacteria that were sen
o only highly concentrated ethanol extracts of propolis
uteusto 5% E1 andE. coli to 5% SA3) were insensitive ev
o a 10% PV extract.

.2. Calorimetric experiments

.2.1. Calorimetric cultivation of bacteria
The microbial metabolic and growth events taking plac

he fermenter during the first few hours of growth were re
ented by an initial lag phase followed by an exponentia
f the heat production rate and the number of CFU (Fig
hese events continued similarly up to the peak of heat
uction rate. After thep–tpeak (0.45�W ml−1) for B. mega
erium, the heat production rate dropped steeply wherea
umber of CFU increased up to the stationary phase w
.15�W ml−1 (61.5%) and the oxygen tension in the fl
ine and fermenter rose from 102 to 182�mol l−1 and from
05 to 230�mol l−1, respectively. The number of CFU, ho
ver, decreased relatively slowly from 9.1× 107 to 5.5 ×
07 CFU ml−1 (Fig. 2i). After a period of nearly 2 h bo
tarted increasing again. The heat production rate ach
peak at 0.42�W ml−1, slightly lower than the peak
control experiment (0.45�W ml−1). Correspondingly, th

xygen tensions in the fermenter and in the flow line
reased with different rates, the one in the flow line
alue of 25�mol l−1. The online oxygen tension, at whi
hep–tcurve achieved its peak after treatment with the
ethal propolis dose, was 68�mol l−1, slightly but not signif
cantly higher than the control experiments, 50–60�mol l−1.
. coli responded similarly to the treatments with suble
nd lethal doses of propolis, as shown inFig. 3i and ii.
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Fig. 4. Effect of different concentrations of EEP from (i) Poland (P3) and (ii) South Africa (SA8) on the structure of thep–t curve ofB. megaterium. Arrows
indicate the time of treatment.

3.2.3. Feature of the p–t curve after treatment with
different concentrations of propolis

The treatment of an exponentially growing bacterial cul-
ture with a concentration of propolis≥ MIC resulted in a
drop of thep–tcurve to a lower level. Based on the type and
concentration of propolis, the curve then either stayed at that
level for a certain period of time, and ascended to achieve a
second peak or gradually decreased to the baseline, due to
bacterial death (Fig. 4i and ii). By measuring the vertical dis-
tance between the point on thep–tcurve, at which treatment
was done and the lowest point achieved on the curve due to
the treatment of the culture, the dose–response relations were
determined, summarized inFig. 5. No recovery and no sec-
ond peak occurred in any propolis sample, if the level of the
curve was reduced by 80–100%,. The length of time ap–t
curve needed to revive and come back to the same level as

F
d l
t e “x”
a to the
b

before treatment and to achieve a second peak was positively
correlated with the level of the drop of thep–tcurve (Fig. 6),
which is in turn positively correlated with the concentration
of propolis for each propolis sample.

3.2.4. Level of the p–t peak achieved after treatment
The peak levels of untreated cultures ofB. megaterium

were very similar to each other with a mean± SD value of
0.447± 0.004�W ml−1(n = 5). Therefore, comparison of
individual values with the mean was considered reliable. The
second peaks after treatment lie in the range of 95.5–106.3%
of the level of the control peaks with a mean of 99.6%,
with no significant difference (Student’st-test,P > 0.05).
Moreover, no significant differences were observed among
the propolis samples or concentrations (2-way ANOVA,α =
0.05) (Table 4).

3.2.4.1. Comparison of the antimicrobial activities of the
three propolis extracts.The three different extracts EEP,
WEP, PV of the sample G1 were compared using several
calorimetric curve parameters to observe if there was any dif-
ference in the kinetics of action againstB. megaterium. The

F e
c w/v
E curve
t the 16
p

ig. 5. Effect of EEP treatment on the heat production rate ofB.megaterium
emonstrated by the percentage drop in the level of thep–t curve. Contro
reatments with 60% ethanol and distilled water showed no effect. Th
t the top of the bars indicates bacterial death and drop of the curves
aseline suddenly or gradually.
ig. 6. Relation between pooled percentage drop in the level of thp–t
urve ofB. megateriumafter treatment with 0.0125, 0.025, and 0.05%
EP from different geographic origins, and the time needed for the

o recover to the same level as before treatment. Pooled results for
ropolis samples investigated.
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Table 4
Effect of propolis on the calorimetric power-time curves

After treatment with 0.0125% w/v EEP After treatment with 0.025% w/v EEP

Propolis l% Slope l% Peak % Slope Peak

E1 33.8 99.5 Declining None
G1 96.2 100.8 80.4 97.8
K1 138.1(for 0.01%) 96.8(for 0.01%) None None
Rus1 100.0 98.2 46.3 98.8
I1 95.5 99.7 97.4 100.3
P1 119.6 101.1 65.6 102.5
P2 187.5 103.2 58.5 102.1
P3 72.3 95.5 66.1 95.8
P4 119.4 95.8 38.9 98.4
SA1 70.4 96.1 74.3 98.2
SA3 97.7 104.0 57.3 106.3
SA5 92.6 106.1 106.3 101.5
SA6 37.7 97.5 Declining None
SA8 58.5 98.8 58.9 97.7
SA11 47.8 99.6 Declining None

Effect of the treatment of an exponentially growing culture ofB. megateriumon the subsequent features of the calorimetricp–t curve displayed by (i) the
percentage ascend of the slope of the curve after treatment compared to that before treatment, and (ii) the percentage level of the peak after treatment compared
to the level of a control peak. Since higher concentrations of K1 caused lethality, the effect of a 0.01% solution on the curve is shown here.

Fig. 7. The effect of treatment of exponentially growing cultures ofB.megateriumwith different concentrations of EEP, of PV, and of WEP on (a) the percentage
drop in heat production rate after treatment compared to that before treatment, (b) the percentage ascend of slope of the curve after treatment compared to that
before treatment and the percentage level of peak after treatment compared to a control peak.

MIC and MBC values for these extracts were 0.0125 and
0.05 for EEP, 0.05 and 0.25% w/v for PV, and 0.1 and 0.5 for
WEP, respectively. EEP required less concentrated solutions
to show an inhibitory action and total microbial death than
PV, followed by WEP. Apart from these differences, no basic
difference in the pattern of kinetics of antimicrobial action
could be found. The dose–response curves of concentration
versus drop in the level of thep–tcurves due to treatment with
the different extracts showed the same pattern but at different
concentrations (Fig. 7a). The resemblance was not only in
the level of drop of the curves but also in the slope of ascend
of the revivingp–t curves, and the level at which the peaks

were achieved after treatment (2-way ANOVA,P> 0.05,n=
3) (Fig. 7b).

4. Discussion

4.1. Petri dish bioassay

The results of antimicrobial tests are unambiguous proofs,
that in spite of the great difference in the chemical composi-
tion of propolis of different geographical origins and collect-
ing bee races, all of them exhibit significant antibacterial and
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antifungal effects. But the strength of antimicrobial activity
could differ based on the nature of the specific substances
in each sample. Kedzia et al.[34] proposed that the antimi-
crobial action of propolis is complicated and could be due
to the synergism between flavonoids, hydroxyl acids, and
sesquiterpenes. It was experimentally demonstrated that not
even a single component isolated from propolis showed an
activity higher than the total extract[3,6,35]. The synergis-
tic effect between the different components of propolis was
already reported by Scheller et al.[18], and latter confirmed
in [36]. It is thus obvious that, in different samples, different
substance combinations could be essential for the biological
activity of propolis, rather than only one, and hence samples
of completely different geographic origins may have compa-
rable antimicrobial activities[11].

Regardless of the geographic location, where a plant
grows, the purposes for which it secretes resin resemble at
least partially. Resin is mainly secreted by plants in order to
seal wound, to stop sap loss and protect wounds from infec-
tion by microbes, to protect against infection of pollen (it is
coated with resin), to stop germination of seeds and sprout-
ing of bud while frost[37]. Though the specific chemicals
that are responsible for these actions could differ, the essence
of action remains the same, leading to the similar biological
activity of different samples.
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situation alerts that if propolis is to be used in treatment of
infections it has to be used at concentrations far above the
MIC values, in order to minimize the risk of encouraging
bacterial growth at or in the immediate surrounding of the
site of application.

EEP showed the highest antimicrobial activity compared
to the other two extracts, even though the differences be-
tween EEP and PV were not significant for most samples.
The reason why EEP is superior to WEP, and in some case to
PV is that extraction of EEP procures all water and ethanol
extractable and biologically active components that are also
present in the other two extracts. In addition, EEP contains
several bioactive components that are not found in WEP and
PV.

4.2. Calorimetric experiments

The results of the Petri dish bioassay experiments were
affected by the insolubility of propolis in the agar layer, es-
pecially while using highly concentrated propolis against the
relatively insensitive fungi. The insolubility problem was not
serious at lower propolis concentrations tested against bac-
teria since the highly diluted hydro-insoluble components
could diffuse through the agar layer with the excess solvent in
which they are dissolved (ethanol). The calorimetric results,
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All of the Gram positive bacteria tested were highly se
ive already to lower concentrations of propolis, but the G
egative bacteriumE. colidisplayed a reduced sensitivity
ost of the samples and was insensitive to 2 of the 16 sam

ested. The lower sensitivity ofE. coli is in agreement wit
ndings by several researchers that this bacterium show
her very low sensitivity or total insensitivity against pro
is [8,11,35,38,39]. It cannot, however, be generalized
ram negative bacteria are insensitive to propolis sinc
ther Gram negative,P. syringae, even though it showed r
tively higher MIC values, had a sensitivity similar to m
ram positive bacteria at higher concentrations of pr

is. The most plausible explanation for the less sensitivit
ram negative bacteria is their outer membrane that inh
nd/or retards the penetration of propolis at lower conce

ions. Another possible reason why the Gram negative b
ia are more resistant to propolis might be the possessi
ultidrug resistance pumps (MDRs), which extrude am
athic toxins across the outer membrane[40]. The presenc
f MDRs inE. coli and their role in the insensitivity of th
acterium to antimicrobials was clearly elucidated[41–44].

Fungi are generally less sensitive than bacteria in term
he MIC values and/or diameter of inhibition zones at hig
oncentrations, except for the yeast that showed higher d
ters like that of the bacteria. Considering the MIC val

he yeast had a sensitivity in between the highly sens
acteria and the less sensitive mould.

The presence of propolis at a concentration lower th
ritical inhibitory level could enhance the growth of an org
sm that otherwise would have been inhibited/killed by hig
oncentrations, a phenomenon known as hormesis[45]. This
owever, were not and cannot be affected by this pro
ince they are done in nutrient broth. Due to vigorous stir
f the culture, the water insoluble components of propoli
ain suspended in the medium and show their antibac
ctivities.

Because of the unavoidable length of the tubing sy
etween the fermenter and the calorimetric spiral and
etabolic decrease of oxygen tension in the line, calori

ic recording of the heat production rate is a true pictur
vents taking place in the fermenter only at lower cell d
ities before thep–tpeak. If calorimetric data are to be us
t higher cell densities, the results have to be compared
ther data, such as the oxygen tension in the flow line

he number of CFU, and results have to be interpreted
aution.

The treatment of bacteria with propolis in the calorime
xponential phase resulted in a decrease of the heat pr
ion rate to a lower level, depending on the concentratio
ropolis. If the concentration is weak, propolis does not
ll bacteria, and hence the survivors do continue to m
lize, maintaining the heat production rate at a certain
bove the baseline. This level is kept for some time dire
epending on the concentration of propolis, after which
urve revives and ascends again. The most plausible exp
ion for this behaviour could be that after treatment a ce
roportion of the cells are killed, others are inhibited,
ome others remain unaffected. The metabolic heat pro
ion rate in this case could originate from both, the inhib
ells performing maintenance metabolism, and from u
ected and thus normally metabolizing and growing cell
he number of the latter is very small and their heat produc
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rate below the detection limit of the calorimeter, no growth is
observed. But with the course of time, the number increases
and the change in their metabolic rate could be detected on the
p–tcurve. But it might also be that the inhibition is only tem-
porary and comes to end, allowing the bacteria to start grow-
ing. The second hypothesis agrees with the proposal in[46]
that bacteriostatic effects achieved by lower concentration of
biocides might correspond to a reversible activity on the cy-
toplasmic membrane and/or impairment of enzyme activity.

The treatment of bacteria with EEP forced the heat pro-
duction rate to decrease and raised the online and fermenter
oxygen tension immediately, while the drop in the number
of growing cells (CFU) was gradual. Immediately after treat-
ment, the metabolic rate and thus oxygen consumption pre-
sumably drop drastically even though the organisms were
not dead, but only weakened. Removal of a sample from the
suspension and culturing it on propolis free medium releases
the bacteria from the antimicrobial agent and allow them to
grow. But with progressive incubation in the fermenter the
number of dying bacteria increases and hence the CFU curve
declines. The present results are in agreement with those of
Sforcin et al.[39].

Since thep–t peaks after treatment with weak propolis
concentrations occurred at the same levels of heat production
rate and of oxygen tension in the flow line, as for the control
c polis
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involves the Gram positive bacterial cell wall, inhibition of
cell wall synthesis and hence distortion of its integrity. Elec-
tron microscopic pictures displayed that propolis treated cells
possessed defective cell walls and failed to separate after cell
division and formed a pseudo-multicellular structure[47]. An
experiment with a known antibiotic[48] demonstrated that
the formation of a pseudo-multicellular structure after treat-
ment could be due to the blockage of the so-called splitting
system of the cross wall.

Antifungal activities of propolis are supposed to be like
that of amphothericin B, which forms complexes with sterols
(ergestrol) of the fungal membrane[13,49].

It can be concluded that the present results prove that in
spite of differences in the chemical composition of propo-
lis from varying geographic locations, all samples exhibited
significant antibacterial and antifungal activities. Hitherto in-
vestigations of propolis did not point out one individual sub-
stance or a particular substance class which could be entirely
responsible for this action. Obviously a synergistic action is
essential in all samples for the biological activity of bee glue.
It seems that the chemical nature of propolis is beneficial not
only to bees but have general pharmacological values as an
antimicrobial natural product.
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