
Introduction

The global epidemic of multidrug-resistant microbes is
putting unprecedented pressure on the medical research
community. The problem of resistance to multiple drugs de-
pends on factors such as the lack of expectations for the
launch of new antimicrobials by the pharmaceutical industry.
Besides, microorganisms are becoming increasingly resistant
to the arsenal of available antimicrobials. The inappropriate
and excessive use of antibiotics to treat microbial infections
and the resulting pressure of antibiotic selection only wors-
ened the situation. This fact has led to an increase in studies
on the combined activity between antimicrobials and natural
products, aiming at a future therapeutic alternative (Mitsugui
et al., 2008; Torres et al., 2018).

Staphylococcus aureus is considered one of the most com-
mon opportunistic pathogens in humans and several animals.

This bacteria harbor intrinsic virulence determinants and the
ability to cause a wide range of infections (Hernández et al.,
2001; Lowy, 2003). One of the most worries nowadays is mi-
croorganisms' ability to form a biofilm (Karaolis et al., 2005).
Biofilms are virulence factors that hinder and limit bacterial in-
fection treatment, especially that of the Staphylococcus genus
(Hall-Stoodley et al., 2004; Grant and Hung, 2013). The forma-
tion of these sessile communities and their inherent resistance
to antimicrobial agents are associated with persistent and
chronic bacterial infections (Costerton et al., 1999). Besides the
importance of S. aureus in human medicine, it is also the ob-
ject of study in veterinary medicine due to its zoonotic poten-
tial (Hanselman et al., 2009). Methicillin-resistant S. aureus
(MRSA) cases have emerged in production animals (Graveland
et al., 2011; Loncaric et al., 2019).

Green Propolis, also known as Brazilian Green Propolis
(GP), comes from foraging by Africanized bees (Apis mellifera
Lepeletier) in plants of the species Baccharis dracunculifolia DC
(BD) belonging to the Asteraceae family (Costa et al., 2018).
Among some known GP properties, one of the most studied
is related to antimicrobial activity, being identified greater ef-
ficiency on Gram-positive bacteria, especially concerning S.
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Staphylococcus aureus is one of the most common opportunistic pathogens in humans and several an-
imals. Some strains can form a biofilm, which is related to chronic diseases. Green Propolis are used fre-
quently in alternative medicine. Several studies have demonstrated the chemical similarities between
Green Propolis and its botanical source Baccharis dracunculifolia. This study evaluated the antibacterial
profile of the hydroalcoholic extracts of Green Propolis and Baccharis dracunculifolia against S. aureus.
The antibiofilm effect of the extracts was also evaluated against a reference strain of S. aureus. The Min-
imal Inhibitory Concentration (MIC) and Minimal Bactericidal Concentration (MBC) for each isolate were
assessed. MIC and MBC values for both extracts were similar against all bacterial strains. The extracts
demonstrated good performance against the biofilm of the S. aureus ATCC 25923. Green Propolis and
Baccharis dracunculifolia extract antibiofilm activities were mainly on biofilm’s newly formed and con-
solidated moments.  
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aureus (Stepanovic et al., 2003; Lima et al., 2015). Different re-
searchers investigated similarities between the Brazilian Green
Propolis and B. dracunculifolia, the propolis' botanical origin.
Due to its high antioxidant and antimicrobial power, B. dra-
cunculifolia has been studied as a possible crucial raw material
in the industrial process to manufacture medicines and cos-
metics (Casagrande et al., 2018). The present study evaluated
the components of hydroalcoholic extracts of GP and BD, their
antimicrobial, and antibiofilm potential. 

Materials and methods

This study was approved by the Ethics Committee on the
Use of Animals of the State Animal Health Research Center
Geraldo Manhães Carneiro (CEUA-CEPGM), of the Agricultural
Research Corporation of the State of Rio de Janeiro (protocol
CEUA-CEPGM 001/16) and registered with the National Coun-
cil for Animal Experimentation Control (CONCEA), process #
01200.003805/2014-25. 

Extracts of Brazilian Green Propolis (GP) and Baccharis dracun-
culifolia D.C. (BD)

Aerial parts of Baccharis dracunculifolia were harvested in
the mountainous region of Trajano de Moraes, a municipality
located in the North of the Rio de Janeiro State, between co-
ordinates 22° 03'48" S - 42° 03'59" W. A plant material voucher
was deposited at the herbarium of the State University of Rio
de Janeiro, under the number RFFP 19499.

The extract of B. dracunculifolia was obtained as described
by Duarte et al. (2004), with slight modification. The leaves
were subjected to desiccation in an oven with forced air cir-
culation at 40 °C for three days, followed by processing in a
mill furnishing dry and pulverized plant material. This plant
material was extracted by exhaustive maceration with aqueous
ethanol 70% (w/w), furnishing the crude hydroalcoholic extract
after evaporation of the solvent in a rotary evaporator. 

A beekeeper collected green propolis from Apis mellifera
bees' hive in the same municipality where B. dracunculifolia
was collected (Trajano de Moraes). The product was taken
from beehives located at the following coordinate: 22002'48"
S - 42001'55" O. The hydroalcoholic extract of Green Propolis
was prepared as described for obtaining the extract of B. dra-
cunculifolia. 

Bacterial samples

S. aureus ATCC 43300 (MRSA) and S. aureus ATCC 25923
(strong biofilm builder) were kindly provided by the Reference
Materials Laboratory of the National Institute for Quality Con-
trol in Health of the Oswaldo Cruz Foundation -R.J. Two clinical
isolates of S. aureus BL4 (no subclinical mastitis, tetracycline-
resistant) and S. aureus LD2AD (MRSA, subclinical mastitis)
were kindly provided by the Collection of Pathogenic Microor-
ganisms for Production Animals (CMPAP) of PESAGRO-RIO.
Bacteria were cultivated in Agar Mueller Hinton medium and
incubated aerobically at 37ºC for 24 h. After growth, cultures
were stored at 4 °C.

Minimum Inhibitory Concentration (MIC) 

CLSI (2018) determinations were undertaken with some
modifications to access the MIC. In the first row of a 96 wells
polystyrene plate containing 190 µL of Mueller Hinton broth,
10 µL of the extract diluted to 10% in DMSO were added. 100
µL of the medium was added to the wells of the second row
onwards. From the first well of the column to the last, double
serial dilutions were performed. After that, 5 µL of the inocu-

lum 0.5 McFarland were added in each well. The final concen-
tration of the extract in the same column varied from 5 mg/ml
to 0.039 mg /ml. In the last column, Vancomycin from 8 to
0.06 µg/mL was used as a positive control. After 24 hours of
incubation at 37 °C, 15 µL of Resazurin (7-hydroxy-3H-phe-
noxazine-3-one-10-oxide) were added into each well, and
after 1 to 4 h of incubation at 35.0±2.0 ºC in aerobiosis, they
were analyzed. The experiments were carried out in three
replicates of triplicates, and MIC was considered the lowest
concentration of the substance that prevented visible bacterial
growth (pink indicates bacterial growth and the blue, absence
of growth). 

Minimum Bactericidal Concentration (MBC)

For MBC, 1 μL of each serial dilution obtained at the MIC
wells, was removed after the incubation period, and before
adding Resazurin solution. Spots were sown on Mueller Hin-
ton agar plates and incubated at 37.0±2.0 ºC in aerobiosis for
18 to 24 h, followed by observation of the presence or ab-
sence of bacterial growth (Miranda et al., 2015).

Evaluation of the Antibiofilm Activity of Hydroethanolic Extracts

Microtiter dish biofilm formation assay

An inoculum from three bacterial colonies in 3 mL of TSB
medium with 1% glucose was incubated in an oven at 35 °C
for 24 h. After that, using 96-well microplates, 100 µL of the
bacterial inoculum, and 100 µL of the hydroethanolic extract
previously diluted in Mueller Hinton broth corresponding to
specific concentrations (MIC, 1/2MIC, 1/4MIC, and 1/8MIC)
were applied in 96-well plates. After incubation in a bacterio-
logical oven at 35 °C for 20 h, the cell culture was carefully re-
moved, followed by three washes with sterile distilled water.
Then, bacterial growth was fixed in a drying oven for approx-
imately 1 h. The adhered biomass was stained with 100 µL of
0.1% aqueous gentian violet crystal solution, added to each
well, and kept for 15 min at room temperature. Then, the dye
was removed, and the plate was washed once with sterile dis-
tilled water and dried in a drying oven at 65 ºC. After drying,
100 µL of alcohol at 96 ° GL was added to each well and kept
at room temperature, without stirring for 30 min, and then the
Optical Density (OD) reading was performed (Antunes et al.,
2010).

Microtiter dish on preformed biofilm assay

For the evaluation of extracts regarding the breakdown of
bacterial cells, 100 µL of the bacterial inoculum was dispensed
in each well (96 wells plate) and directed to incubation at 35
°C for 6 h for newly formed biofilm or 24 h for consolidated
biofilm. After the time for the formation of the biofilm, the in-
oculum was carefully removed. The wells were washed twice
with sterile distilled water and maintained in drying processes
for 15 min at room temperature. After drying, 100 µL of the
hydroethanolic extract, previously diluted in Mueller Hinton
broth, were added into the test dilutions (MIC, 1/2 MIC, 1/4
MIC, and 1/8 MIC), following the previously evaluation proto-
col (Pierce et al., 2008).

Statistical analysis

Analysis of variance (ANOVA-one way) was used to eval-
uate the treatment data with the extracts, followed by Tukey's
post-hoc test. The software used was the R commander li-
censed by the GPL (Louis, Missouri, USA), and p values <0.05
were considered with statistically significant differences.
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Results

Regarding the antimicrobial results, all the strains dis-
played similar MIC values ranging between 1.25 and 2.5
mg/mL. The MBC values were similar for all isolates for both
extracts (Table 1). 

Regarding the antibiofilm effects against S. aureus ATCC
25923, GP hydroethanolic extract showed significant density

reduction until concentration of 1/8MIC. Although it has
shown activity against the consolidated biofilm, the best re-
sults were shown for newly formed biofilm at all concentra-
tions (Fig. 1). BD hydroalcoholic extract inhibited the biofilm
newly formed at 1/8 of MIC, as well (Fig. 2). Both BD and GP
did not demonstrated capacity to act in biofilms that were in
formation.
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Table 1. MIC and MBC results of Brazilian Green Propolis (GP) and Baccharis dracunculifolia (BD) hydroalcoholic extracts against Staphylococcus aureus
isolates.

Isolates
GP BD Vancomycin (PC)

MIC MBC MIC MBC MIC
S. aureusATCC 25923 2.5 5 2.5 5 0.001
S. aureus ATCC 43300 1.25 >5.0 1..25 >5.0 0.001
S. aureus BL4 1.25 5 2.5 5 0.001
S. aureus LD2AD 2.5 5 2.5 5 0.001

*PC Positive Control. Values expressed in mg/mL

Fig. 1. Optical Density of the Influence of Brazilian Green Propolis hydroalcoholic extract on Staphylococcus aureus ATCC 25923 biofilm in formation,
newly formed and consolidated (p < 0.05).

Fig. 2. Optical Density of the Influence of Baccharis dracunculifolia hydroalcoholic extract on Staphylococcus aureusATCC 25923 on biofilm in formation,
newly formed and consolidated (p < 0.05)
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Discussion

The Food and Agriculture Organization of the United Na-
tions (FAO) urges countries and people to protect bees and
other pollinators because of the risk of a drastic decline in
food diversity (www.fao.org/news/story/es/item/1132362/
icode/). Bees are seriously threatened by the combined effects
of climate change, intensive agriculture, pesticides, loss of bio-
diversity, and pollution. To replace propolis products derived
from bees, plant extracts used as its botanical source would
be an alternative raw material for these products, minimizing
the losses suffered by these pollinating insects.

Both GP and BD hydroalcoholic extracts chemical profiles
indicate the presence of artepillin C as a chemical marker, used
in the classification and identification of the botanical origin
of Green Propolis (Maróstica et al., 2008; Sun et al., 2019; Be-
serra et al., 2020). According to the results, it is suggestive that
artepillin C might contribute to most biological activities dis-
played by GP and BD. 

Regarding MIC observed values, these results reinforce the
hypothesis that the similarity between both extracts' compo-
sition guarantees that they have similar inhibitory and bacte-
ricidal activities against S. aureus. Casagrande et al. (2018)
reported BD's antimicrobial activity against the reference
strain of S. aureus ATCC 25923. They found a higher value for
MIC (12.75 mg / mL) than ours (2.5 mg/mL), using the same
inoculum size. This difference might be explained, in part, by
the different locations and season of the plant material col-
lection (Valencia et al., 2012), being ours from Rio de Janeiro
State and theirs from Paraná State. The chemical profile may
also be influenced by plant genotype and differences in the
active constituents (Sun et al. 2019). 

The clinical strains from animal samples were obtained
from milk. The results, ranging from 1.25 for the sample of no
subclinical mastitis to 2.5 mg/mL, for the subclinical mastitis,
are higher than those reported by Diaz et al. (2010). They
found 0.8 mg/mL for MIC of BD extract against a clinical strain
of S. aureus isolated from bovine mastitis. The obtained find-
ings suggest great potential of B. dracunculifolia for antimi-
crobial activity (Duarte et al., 2004; Diaz et al., 2010; Pereira et
al., 2016; Casagrande et al., 2018). The GP and BD had similar
values for both MIC and MBC, which confirms the same chem-
ical profile concept due to the sharing of origin. 

Doganli (2016) analyzed a propolis extract against S. au-
reus ATCC 33862 at a 20 mg/mL concentration and managed
to reduce 60.4% of the biofilm formed, and after chemical
analysis, it was verified the presence of flavonoids and phe-
nolic acids in its composition. These results agree with Veiga
et al. (2017) reports, who found better antimicrobial activities
in Green Propolis than in other extracts. They suggested that
this activity might be related to artepillin C, which is also pres-
ent in the extract of B. dracunculifolia, but at a lower concen-
tration. Also, artepillin C might be acting in combination with
the other compounds in Green Propolis and B. dracunculifo-
lia.

Green Propolis and Baccharis dracunculifolia extracts dis-
played similar bactericidal and bacteriostatic activities against
Staphylococcus aureus strains. The chemical HPLC chromato-
graphic profile of both hydroalcoholic extracts showed com-
pounds with antimicrobial activity, such as artepillin C,
baccharin, and drupanin. The antibiofilm activity for the ex-
tracts of Green Propolis and B. dracunculifolia was evidenced
in the newly formed and consolidated moments against the
clinical and reference strains. These results may suggest using
the molecules from the extracts as a strategy to destroy or
prevent the formation of bacterial biofilms. Also, Baccharis
dracunculifolia could be an additional option for Green Propo-
lis to supply market demand.  

Conclusion

Results indicate that Baccharis dracunculifolia hydroalco-
holic extract has the potential to replace Green Propolis for
the treatment of infections caused by Staphylococcus aureus,
including the fact that both contain Artepelin C in their com-
position. Further studies are needed to confirm this evidence. 
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