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Resumo
Foi preparada uma solução aquosa de compostos solúveis da própolis utilizando uma extração alcalina. No estudo da atividade antibacteriana pela 
metodologia de diluição em ágar, foram utilizadas bactérias Gram-positivas de interesse médico como Streptococcus mutans, Staphylococcus 
aureus e Streptococcus pyogenes, e Gram-negativas como Enterobacter aerogenes, Salmonela typhimurium e Pseudomonas aeruginosa. O 
extrato aquoso de compostos solúveis da própolis foi capaz de inibir o crescimento das bactérias testadas. A concentração mínima inibitória 
determinada para Streptococcus mutans, Streptococcus pyogenes, Enterobacter aerogenes, Salmonela typhimurium e Pseudomonas aeruginosa 
foi de 36 mg/ml e 9 mg/ml para Staphylococcus aureus.
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Abstract
An aqueous solution of soluble compounds extracted from propolis was prepared through alkaline treatment. In the study of antibacterial 
activity, using agar dilution method, Gram-positive bacteria of medical importance such as Streptococcus mutans, Staphylococcus aureus and 
Streptococcus pyogenes, and Gram-negative ones such as Enterobacter aerogenes, Salmonela typhimurium, and Pseudomonas aeruginosa 
were used. The aqueous extract from propolis soluble compound was able to inhibit the growth of all bacteria tested. The minimal inhibitory 
concentration of 36 g/ml was determined for Streptococcus mutans, Streptococcus pyogenes, Enterobacter aerogenes, Salmonela typhimurium, 
Pseudomonas aeruginosa and of 9 g/ml for Staphylococcus aureus.
Keywords: Propolis. Aqueous extract.  Bacteria.

1 Introduction

Propolis is a resinous substance with varieties of color and 
consistency that is secreted by bees, such as Apis mellifera. 
They collect from various buds and barks of trees and shrubs, 
and it is mixed with beeswax and enzymes which they secrete 
during the propolis collection. Propolis color and scent change 
depending on its botanical origin and chemical properties1-3. 
Propolis is used by bees to seal openings in the hives and to 
protect themselves against predators such as ants, hive moths, 
beetles and mices1,4. 

Several biological properties have been reported for 
the ethanolic extract of propolis such as antibacterial, anti-
inflammatory, antiviral, hypotensive, antifungal, anesthetic, 
immunostimulatory, antitumoral and cytotoxicity activities4,5. 
Out of these activities, the antibacterial effect is the most 
extensively investigated. The differences between the 

ethanolic extracts exist due to some factors such as bees’ 
species, plants, season, extract preparation and bacteria 
tested2. In spite of these factors, some researchers display 
evidence that Baccharis dracunculifolia is the main vegetable 
source of Brazilian propolis6,7.

Those pharmacological activities probably exist due to a 
mixture of several compounds such as flavonoid aglycones, 
cinnamic acid derivatives and terpenoids groups8. On the other 
hand, several propolis samples other than the European ones 
which have therapeutic properties do not contain flavonoids 
compounds or contain relatively small amounts from these 
compounds9. 

More recently, several researchers are interested in 
obtaining propolis preparations with defined chemical 
composition, because of the wide possibilities for medical 
applications. Apart from some rare extracts10,11 the major 
propolis preparations reported are ethanolic, methanolic 
or chloroform extracts2,4,8,10-12,21. It is important to point 
out that most of propolis alcoholic extracts contain allergic 
compounds such as 1,1 dimethyl-caffeic acid which means 
that these products have restricted therapeutic use13. The aim 
of this work was to establish an aqueous extract preparation 
method for displaying greater antibacterial activity.
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2 Material and Method

2.1 Propolis sample

Propolis of Apis mellifera was obtained from bees’ hives 
of an apiary association (APICAMPI) from Ibaiti, a city in the 
state of  Paraná, Brazil.

2.2 Microorganisms strains

All microorganisms’ strains Streptococcus 
mutans (ATCC35668), Staphylococcus aureus (ATCC6538), 
Streptococcus pyogenes (ATCC19615), Enterobacter 
aerogenes (ATCC13048), Salmonela typhimurium 
(ATCC14028) and Pseudomonas aeruginosa (ATCC35032) 
were obtained from the New ProvLaboratory, Pinhais, PR.

2.3 Aqueous extract of propolis

The aqueous extract of propolis was prepared as described 
by Funayama et al.14, with some modifications. In the 
extraction of water soluble compounds, 1000 g of propolis 
were used. The soft resin was fragmented in small pieces and 
extracted with three liters of 75% ethanol under intermittent 
agitation for 12 hours. After this time, the mixture was filtered 
through paper filter with a yield of 1200 mL of hydro alcoholic 
solution. 

The filtrate was incubated in an aerated incubator at 40oC 
for 72 hours in order to the ethanol to evaporate. After the 
evaporation of the ethanol, two fractions were obtained, one of 
them was 350 mL of clear brownish aqueous fraction, whose 
pH was adjusted to 7.4 with 3 moles/L sodium hydroxide 
solution and tagged as aqueous extract of propolis (AEP). 
The other extract was obtained from 350 g of a yellowish 
water-insoluble resinous material which was washed three 
times with 80 mL of distilled water each time or until the rinse 
water did not look darkish. The washed resinous material was 
discarded. The total rinse water collected looked darkish. The 
pH solution was adjusted to 8.5, boiled for 5 minutes, cooled 
and added to the former AEP. The pH mixture was adjusted 
to 5.8 with 85% phosphoric acid, all insoluble material was 
eliminated by paper filtration and the pH was readjusted 
to 7.3. The filtrate obtained by this method was tagged as 
aqueous solution of soluble compounds of propolis (ASSCP).

2.4 Determination of total flavonoids concentrations

The total content of flavonoids was determined by 
spectrophotometric method using aluminium chloride as 
shift reagent15. The standard solution of quercetin (2mg/mL) 
was prepared in 95% ethanol. The total flavonoids content of 
samples were determined in triplicates and expressed as mg/
mL.

2.5 ASSCP dry weight

A glass vessel of 10 mL capacity was incubated in an 
incubator at 60o C for 72 hours, cooled and its weight was 
determined. One milliliter of ASSCP was added in the vessel 

and treated in the same way for water evaporation. So, the dry 
weight of ASSCP was determined.

2.6 Mueller & Hinton agar plate containing ASSCP

The final volume of Mueller & Hinton agar plates 
containing different amounts of ASSCP was 25 mL. The 
concentrations of ASSCP in different plates were 144 mg/ml, 
72 mg/ml, 36 mg/ml, 18 mg/ml, 9 mg/ml, 6 mg/ml and 3 mg/
ml.

The plates were prepared by mixing agar Mueller & Hinton 
media (MH) melted with an amount of ASSCP to confirm the 
concentrations of ASSCP dry weight. The minimal inhibitory 
concentration (MIC) range was followed according to the 
Clinical and Laboratory Standards Institute guidelines16.

2.7 Strains of bacteria growth and cultures dilutions

In order to standardize the inocula density, a BaSO4 
turbidity standard equivalent to a 0.5 McFarland scale was 
used. The 0.5 McFarland standard was prepared as described 
in CLSI (Clinical and Laboratory Standards Institute) 16. The 
bacteria strains were grown overnight in brain heart infusion 
medium (BHI at 35oC for (24 hours). The turbidity of the 
actively growing broth culture was adjusted with sterile broth 
to obtain turbidity comparable to that of the 0.5 McFarland 
standards.

2.8 Minimal inhibitory concentration (MIC)

Agar surface of the plates containing different concentration 
of ASSCP and the control plate without antimicrobial agent 
received 5 µL of the inoculum suspension using a micropipette. 
Inoculation was done from the plate containing the lowest 
concentration of antimicrobial agent and the control plate was 
inoculated separately. Inoculated agar plates were allowed to 
stand until the inocula were completely absorbed. After that, 
the plates were incubated overnight at 35oC.

2.9 Interpretation of MIC results.

The MIC was defined as the smallest concentration of 
ASSCP (microgram dry weight) per milliliter of culture media, 
in which there was complete inhibition of bacteria growth. A 
visible haze of growth or a single colony was disregarded. 
The MICs were results obtained from triplicates experiments 
and interpreted according to the recommendation of CLSI16.

3 Results and Discussion

The propolis samples from Ibaiti utilized in this paper 
are probably the green propolis type, because of similar 
characteristics from that reported by specialized literature17. 
The propolis shows green color, has balsamic smell and 
hot taste. Furthermore, “alecrim do campo” (Baccharis 
dracunculifolia) is a native plant from the Ibaiti area. 
The hydro-alcoholic extracts of propolis contain several 
compounds such as flavonoids, cinnamic acid, fat acid, 
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terpenoids, resin4,5,11and depending on propolis origin, may 
also contain 1,1 dimethyl-caffeic acid13. Therefore, it is 
reasonable to suppose that extracts prepared with others 
organic solvents2,5,12,21 have similar compositions. Based on 
this hypothesis, a new method was created for aqueous extract 
without 1,1 dimethyl-caffeic acid but with high flavonoids 
concentrations. The ethanol evaporation from hydro-alcoholic 
extracts obtained and described in this paper caused abundant 
hydrophobic compounds precipitation, but we were not able 
to obtain evidences for 1,1 dimethyl-caffeic acid in both AEP. 
By other hand the total flavonoids concentration in the former 
AEP and ASSCP were respectively 1.2 mg/mL and 3.65 mg/
mL, which could be related with good bactericide activity. 
Probably, this is a characteristic of the typical propolis from 
Ibaití, since aqueous extracts of propolis from other sources 
were dismissed from this antibacterial capacity14. 

The MICs of ASSCP are shown in the table 1, where the 
amounts of ASSCP dry weight vary from 3 mg/ml to 144 mg/
ml. Most of bacteria strains showed MIC of 36 mg/ml while 
Staphylococcus aureus showed an MIC of 9 mg/mL.

Table 1: The minimal inhibitory concentration (MIC) of ASSCP 
on Gram-positive and Gram-negative bacteria

Microorganism
ASSCP concentration (g/mL) 

in Mueller & Hinton agar plate
144 72 36 18 9 6 3

Staphylococcus aureus - - - - - + +
Streptococcus mutans - - - + + + +
Streptococcus pyogenes - - - + + + +
Enterobacter aerogenes - - - + + + +
Salmonela typhimurium - - - + + + +
Pseudomonas aeruginosa - - - + + + +
“+” indicates bacteria growth and “-“indicates bacteria growth inhibition.

The minimal inhibitory concentration (MIC) for 
Staphylococcus aureus was 9 mg/mL and for Streptococcus 
mutans, Streptococcus pyogenes, Enterobacter aerogenes, 
Pseudomonas aeruginosa and Salmonela typhimurium was 
necessary four times more, that is, 36mg/mL. These results 
show the ASSCP bactericidal efficiency and suggest its use 
in infection therapy against these and other microorganisms. 

The MIC for Pseudomonas aeruginosa and Staphylococcus 
aureus reported by Rhajaoui and collaborators19 were 
respectively 62 mg/mL and 31 mg/mL. On the other hand, the 
MIC reported by Hegazi & Abd El Hady20 for Staphylococcus 
aureus was 5400 mg/mL. The ASSCP minimal inhibitory 
concentrations determined in the present work were three 
times less than those reported by Rhajaoui and collaborators19 
and 675 times less than those reported by Hegazi & Abd El 
Hady20.

Nevertheless, the comparisons of these results are not 
conclusive, since they depend on the type of propolis, 
extraction method and bacteria tested. The fact that ASSCP 

holds good growth inhibition capacity for Gram-positive 
bacteria as Staphylococcus aureus, Streptococcus pyogenes, 
Streptococcus mutans and Gram-negative bacteria as 
Enterobacter aerogenes, Salmonella typhimurium and 
Pseudomonas aeruginosa, indicates that these antibacterial 
activities do not exist due to the presence of one particular 
compound, but due to the actions of an active mixture of them. 

Therefore, that ASSCP contains some active compounds 
which possess different mechanisms of antibacterial action. 
Finally, the present investigation suggests possible use of 
ASSCP as a bactericidal agent in human and veterinary 
medicine besides the necessity of additional investigations on 
this matter.

4 Conclusion

The alkaline treatment of darkish solution obtained from 
washing the resinous material releases active antibacterial water-
soluble compounds that provide a significant increase of former 
AEP activity. 

The ASSCP prepared through this procedure 
showed evidence of good growth inhibition activity against 
Staphylococcus aureus, Streptococcus mutans, Streptococcus 
pyogenes, Enterobacter aerogenes, Salmonela typhimurium and 
Pseudomonas aeruginosa cultures. 

The fact that ASSCP has antibacterial activity against 
Gram-positive and Gram-negative bacteria, suggests that this 
substance is an active bactericidal compounds mixture.
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