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Abstract: The present work identified the 
bioactive compounds and the antibacterial 
and antioxidant activity of the dry extract of 
propolis produced by Apis mellifera from the 
Bay of Iguape, Brazil. Dry extracts of propolis 
was dissolved in distilled water, ethanol 
or dimethyl sulfoxide and the bioactive 
compounds in them were identified. The 
antibacterial activity against Gram-positive 
(Staphylococcus aureus and Enterococcus 
faecalis) and Gram-negative (Escherichia coli 
and Salmonella Enteritidis) bacteria, was 
determined by microdilution, and inhibitory- 
and bactericidal-concentrations were 
measured. A major bioactive component was 
identified to be p-coumaric acid (5.178 mg/
mL), which has a strong antioxidant effect. 
Ethanol was the best solvent for extracting 
antibacterial components, followed by 
DMSO, while water could not extract such 
an ingredient. All varieties of bacteria studied 
were inhibited by the propolis extracts, and 
Gram-positive bacteria were more sensitive 
than the Gram-negative bacteria, and the 
effective concentrations depended on the 
solvent used.
Keywords: Antimicrobial, Escherichia coli, 
ferulic acid, p-coumaric acid, phenolic acids, 
Staphylococcus aureus.

INTRODUCTION
Propolis is an opotherapeutic product, 

made by bees from plant secretions that 
undergo enzymatic changes after the addition 
of the β-glucosidases from the saliva of the 
bees, wax and pollen (Anvisa, 2003; Anjum et 
al., 2019). Several studies credit propolis with 
chemical and biological properties that enables 
it to be a part of various drugs, cosmetics and 
food additives, in addition to its proven action 
as an antibacterial (De Lima et al., 2016), 
antiviral (Mazia et al., 2016), antioxidant 
(Olegário et al., 2019), and anticancer (Ebeid 
et al., 2016) agent, among others. 
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The chemical composition of propolis is 
complex and varies according to the place of 
collection, its source, and the species of bee 
that produces it. The plant materials available 
for bees to make propolis (e.g., plant exudates 
and lipophilic materials from leaves and 
leaf buds, mucilage, gums, resins and latex) 
contain a variety of secondary metabolites 
(Bankova, 2000; Zheng et al., 2017). It 
enriches the Brazilian propolis in prenylated 
derivatives of p-cumaric acid (Bankova & 
Marcucci, 1999), in addition to compounds 
such as phenolic acids, flavonoids, terpenes, 
aldehydes, alcohols, fatty acids, stilbenes, 
amino acids and lignans (Szliszka et al., 2009; 
Varvara et al., 2017; Anjum et al., 2019), and 
trace elements (Falcão et al., 2013).

In view of the increasing number of 
antibiotic-resistant microorganisms, propolis 
can be an excellent alternative to antibiotics 
due to its pharmacological properties. The 
antimicrobial and antioxidant activities, 
combined with the chromatographic profiles 
of propolis have been studied, with a view to 
use propolis in the food industry (Siripatrawan 
& Vitchayakitti, 2016). These surveys are 
aimed at ensuring the consistency in chemical 
composition of propolis and identifying its 
active principles, to standardize this product 
(Silva et al., 2012) and direct its use in various 
commercial products.

Considering the importance of evaluating 
propolis according to the region of collection, 
the present work characterized the bioactive 
compounds and the antibacterial and 
antioxidant activity of the dry extract of 
propolis produced by Apis mellifera L. from 
Baía do Iguape, Bahia, Brazil.

MATERIALS AND METHODS
PROPOLIS SAMPLES
Propolis from Apis mellifera was collected 

every month over a year from the apiaries 
located around the Bay of Iguape, Bahia, Brazil 

(12° 45’ S; 38° 53’ W), an area of the second 
largest coastal bay in Brazil, with diverse 
vegetation and a low tree cover. Thirty-six 
samples of propolis were collected from three 
apiaries. The monthly samples were grouped 
into four composite samples identified as 
Sample 1 (for the months from January to 
April); Sample 2 (May to August); and Sample 
3 (September to December).

PROPOLIS DRY EXTRACT
The production of the propolis 

hydroalcoholic extract followed the 
methodology of Park et al. (1998). They were 
weighed, aliquoted and stored in a freezer. For 
estimating their antibacterial activity, the dry 
extracts were resuspended in distilled water, 
70% ethanol, and dimethyl sulfoxide (DMSO) 
1:4 (v/v).

PHYSICOCHEMICAL ANALYSES
Moisture analysis, determination of ash 

content, and estimation of oxidation activity 
were performed (AOAC, 2000), followed by 
determination of waxes, mechanical mass 
(Brasil, 2001) and total phenolic compounds 
(Singleton et al., 1999; Park et al., 2004). 

ANTIOXIDANT ACTIVITY
The ability to reduce free radicals 2,2 

diphenyl-1-picrylhydrazyl (DPPH) was 
estimated using the method described by 
Sanchez-Moreno et al. (1999). Antioxidant 
action of propolis during the peroxidation of 
linoleic acid, was estimated according to the 
method used by Ahn, Kumazawa, Hamasaka, 
Bang, & Nakayama, (2004). As a positive 
standard synthetic antioxidant was used 
butilhidroxianisol (BHA) in 0,07 mg.mL-1.  

HIGH-PERFORMANCE LIQUID 
CHROMATOGRAPHY - HPLC
The Shimadzu HPLC system was used, 

equipped with a prominence pump LC-20AD, 
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one prominence degasser DGU-20AS, an 
CTO-10AS VP Column Oven, an Highlighted 
automatic samplers in the series SIL-20A 
HT and a photodiode SPD-M20A matrix 
detector (DAD) (Kyoto, Japão). Phenolic 
compounds in samples of propolis extracts 
were identified and quantified by comparing 
the retention time and UV-vis spectra of 
pure standards of 4-hydroxybenzoic acid 
(≥99%), 4-hydroxyphenylacetic acid (98%), 
chlorogenic acid (> 95%), ferulic acid (≥99%), 
gallic acid (≥98%), p-cumaric acid (≥98%), 
protocatechuic acid (99,63%), syringic acid 
(≥98%), vanillic acid (≥97%); flavonoids: (+) 
– catechin (≥98%), kaempferol-3-O-glucoside 
(95%), myricetin (≥96%), naringenin 
(98%), quercetin (95%), quercetin-3-O-
glucopyranoside (≥99%), rutine (≥94%), 
tiliroside (≥98%); and resveratrol stilbenes 
(99%). The UV-Visible spectra were recorded 
in a wavelength range of 190-600 nm and the 
absorbance was measured at 280, 320 and 360 
nm, depending on the maximum absorption 
of the phenolic compound, as recommended 
by Moreira et al. (2017). With a gradient 
program, a Phenomenex Gemini C18 column 
(250 mm × 4.6 mm, 5 μm) and a protection 
column maintained at 25°C were used to 
separate the phenolic compounds. The mobile 
phase showed 0.1% formic acid in methanol 
(solvent A) and 0.1% formic acid in water 
(solvent B), these were degassed and filtered, 
and later used for elution at a flow rate of 1, 0 
ml / min. The following gradient was applied: 
0-13 min: 20-26.5% A; 13-18 min: 26.5% A; 
18-25 min: 26.5-30% A; 25-50 min: 30-45% 
A; 50-60 min: 45-50% A; 60-70 min: 50-55% 
A; 70-90 min: 55-70% A; 90-100 min: 70-
100% A, followed by 100% A for 5 min and 
back to 20% A in 10 minutes and 5 minutes 
for reconditioning before the next injection. 
Before injection, the extracts were filtered 
through a 0.2 μm nylon membrane and 10 μL of 
each sample was injected. The concentrations 

of the compounds were calculated in triplicate 
and expressed in mg/g of sample extract.

MICROORGANISMS AND CULTURE 
CONDITION
The microorganisms used in the tests were 

acquired from the Center for Fisheries and 
Aquaculture Studies (NEPA) at the Federal 
University of Recôncavo da Bahia, Brazil 
and from the Escola Superior Agrária (ESA) 
of the Polytechnic Institute of Bragança, 
Portugal. These included four Gram-positive 
strains (Staphylococcus aureus ATCC 6538 
and S. aureus isolated from the environment; 
Enterococcus faecalis ATCC 29212 and E. 
faecalis environmental) and four Gram-
negative strains (Escherichia coli ATCC 25922 
and E. coli isolated from the environment; 
Salmonella Enteritidis ATCC 13076 and 
Salmonella Enteritidis isolated from the 
environment); all of these strains were 
preserved in tryptone soy agar (TSA) at 10°C.

ANTIBACTERIAL ACTIVITY
The analysis of antibacterial activity were 

performed following a technique recorded by 
Morais et al. (2011), using the Mueller-Hinton 
broth in 96-well microplates. The extracts 
diluted in the tested solvents were transferred 
to the first well, with a concentration of 8%, 
and successive dilutions were performed, 
obtaining (4; 2; 1; 0.5; 0.25; 0.125; 0 0625%). 
For procedures where 70% ethanol was used, 
the microplates were kept open in the laminar 
flow for 40 minutes for the evaporation 
of ethanol, to prevent its interference as 
an antimicrobial agent. The commercial 
antibiotic (0.1% gentamicin) was used as a 
control, in addition to the positive and negative 
controls. After this period, 20 μL of 0.5% TTC 
(triphenyl tetrazolium chloride) was added to 
all wells, and incubated at 37ºC for 3 hours, 
before the minimum inhibitory concentration 
(MIC) was noted for each category. Absence 
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of color in the wells indicates inhibition of 
microbial growth.

To determine the minimum bactericidal 
concentration (MBC), 20 μL of the content 
of the wells that showed inhibition of 
microbial growth, were plated on petri dishes 
containing the Mueller-Hinton agar medium, 
and incubated at 37ºC for 24 hours before 
determining the bactericidal effect of the of 
the extracts at different concentrations. All 
tests were performed in triplicate.

STATISTICAL ANALYSIS
The results were described as the mean 

values ± standard deviation. The differences 
between relevant parameters were analyzed 
using analysis of variance (ANOVA) followed 
by the Tukey test. p values less than or equal 
to 0.05 were scored as statistically significant.

RESULTS AND DISCUSSION
The physicochemical parameters of the 

propolis extract are shown in Table 1 and 
can be compared with the reference values of 
Normative Instruction No. 3 of January 19, 
2001 (Brasil, 2001).

Among the samples analyzed, statistical 
differences (p<0.05) were observed for 
ash, mechanical mass, oxidation activity, 
dry extract, phenols and β-carotene. 
The differences in the physicochemical 
composition of propolis are thought to be 
due to variations between geographic regions, 
climatic conditions and vegetation that grows 
around the hives, in addition to the time and 
conditions of collection (Dias et al., 2012; 
Andrade, Denadai, Oliveira, Nunes, & Narain, 
2017). In this light, it is not surprising that the 
present study did not show values that were 
far different from each other, as they were 
from the close by apiaries  that shared the 
same climate and vegetations.

In all the samples analyzed, the phenol 
content was more abundant than the flavonoids. 

Phenolic and flavonoid compounds are the 
main bioactive components of propolis and 
are responsible for its functional properties. 
The present data showed an average 10.01% 
phenolic content and 0.42% flavonoids. The 
literature show several reasons for the variation 
in the contents of these compounds, including 
the geographical diversity. In addition to their 
relative contents, the types of constituent 
compounds are important in determining 
their biological action, since there are reports 
of synergistic action among the ingredients 
(Hochheim et al., 2019). Regarding the 
flavonoid content, the legislation classifies 
propolis with values above 2% as high, and 
those with values up to 1% as low; for phenolic 
compounds the minimum value established is 
5%  (Brasil, 2001).

The antioxidant contents showed an 
average EC50 of 0.37 mg/mL, and there were 
no significant differences between the different 
samples evaluated (p<0.05). The antioxidant 
property is important in  preservation of food 
during storage, and for extending its useful life 
(Seibert et al., 2019). In the pharmaceutical 
industry, minimization of oxidative stress is 
essential to control pathological conditions 
such as diabetes, cancer, cardiovascular 
diseases, hypertension, atherosclerosis, 
nephropathy, in addition to cataracts and 
Alzheimer’s disease (Lau et al., 2019). In view 
of the diversity of molecules found in propolis, 
it is difficult to determine with precision, 
which are the main components responsible 
for the antioxidant activity. According by 
Banskota et al. (2000), the antioxidant activity 
of the aqueous and hydroalcoholic extract of 
propolis is mainly due to derivatives of caffeic 
acid and cinnamic acid.

All the samples evaluated showed the 
same bioactive compounds and there was 
no significant difference (p <0.05) between 
them; p-coumaric acid (5.178 mg/mL) 
and ferulic acid (1.423 mg/mL), the two 
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Parameters
Samples 

Reference values *
1 2 3

Moisture (%)  6.61  ±  0.35 a  5.96  ±  0.56 a  6.84  ±  0.73 a -

Ash (%)  1.81  ±  0.26 a  1.36  ±  0.15 b  2.00  ±  0.04 a 5 (maximum)

Mechanical mass (%) 38.29  ±  1.85 a  37.41  ± 0.70 ab 34.6 1 ±  0.92 b 40 (maximum)

Insoluble solids % 61.70  ±  1.85 a 62.58  ±  0.70 a 65.38  ±  0.92 a -

Wax (%) 30.90  ±  3.51 a 26.71  ±  2.28 a 31.82  ±  1.01 a 25 (maximum)

Oxidation activity (“) 21.33  ±  0.40 b 31.53  ±  1.94 a 21.88  ±  0.69 b 22 (maximum)

Dry extract (%)  10.72  ±  0.92 ab   7.34  ±  0.86 b 11.86  ±  2.29 a -

Fenois (%) 8.48  ±  3.26 b  10.65  ± 5.28 a   10.91  ±  1.41 a 5.0% (minimum)

Flavonoid (%) 0.30  ±  0.60 a 0.36  ±  1.51 a   0.60  ±  0.71 a 0.5% (minimum)

DPPH Ec50 0.39  ±  0.01 a 0.35  ±  0.01 a  0.39  ±  0.05 a -

β-Carotene (%) 82.27  ±  2.12 a 54.60  ±  3.50 b 83.30  ±  0.98 a -

* Reference values based on Normative Instruction No. 3 of January 19, 2001. Values followed by the 
same letter on the line, did not differ statistically (p < 0.05).

Table 1. Physical and chemical parameters of the propolis extract from the Bay of Iguape, Bahia, Brazil.

Fig. 1. Compounds identified  in the propolis extracts from Baía do Iguape, Bahia, Brazil, using HPLC. 
Averages of each set of triplicate values are shown as mg/mL.
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major components of the propolis samples 
used in this study, belong to the group of 
hydroxycinnamic acids, which are a potent 
antioxidants, and have similar properties (Fig. 
1). Chromatographic studies of the different 
constituents of propolis revealed the presence 
of these ingredients in relatively high frequency, 
and these are organic compound that can be 
used both in the pharmaceutical and food 
industries  (Teixeiraet al., 2013; Keskin et al., 
2019). Kaempferol-3-O-glycoside, (1.267 mg/
mL), was the third major bioactive constituent 
found in this study. These compounds confer 
the propolis samples used in the present study, 
a significant antimicrobial and antioxidant 
activity similar to other types of propolis with 
high commercial value, such as green and red 
propolis (Andrade et al., 2019).

The differences between the quantities 
of the phenolics, such as ferulic acid, and 
flavonoids, like kaempferol-3-O-glucoside, in 
propolis stem from the different methods of 
extraction and botanical origins of the propolis 
used. There are reports of the presence of these 
substances in important plants, like Canavalia 
ensiformis (L.) DC (Pereira et al., 2018), 
Justicia spp. (Corrêa & Alcântara, 2012), 
Acacia nilotica Lam, Lycium barbarum and 
Pteridium aquilinum (Cid-Ortega & Monroy-
Rivera, 2018), among others. These authors 
attribute anti-cancer and anti-diabetic effects 
of the propolis to these chemical, in addition 
to the properties studied here.

The chemical profile of propolis must be 
determined in samples from different regions, 
as the characteristics vary depending on the 
climate, vegetation and management, favoring 
propolis with unique chemical compositions, 
suitable for specific commercial products 
and purposes. Utility of propolis depends 
on its antimicrobial and antioxidant actions, 
determined mainly by its phenolic contents 
(Hochheim et al., 2019; Olegário et al., 2019). 

Physicochemical and chromatographic 
analyses indicate the concentrations of the 
bactericidal and bacteriostatic chemicals  
in the extract. The MIC was defined as the 
lowest concentration capable of inhibiting 
cell growth, while MBC, as its lethal 
concentration. Table 2 shows the results of 
the inhibitory effects of different extract of 
propolis based on the concentration and the 
type of solvent. The statistical analysis of these 
results indicated that there was no significant 
difference between the sample collected from 
different apiaries or between the different 
samples analyzed; however there was a 
significant difference between the extracts 
using different solvents (ethanol, DMSO and 
water); and between the different bacterial 
inoculum employed  (p < 0.001).

Eethanol was proved to be the best solvent 
for preparation of the dry extract of the 
propolis used in this study. Table 2 shows 
that the inhibition rates on Gram-positive 
bacteria, where the lowest MIC was seen for 
the S. aureus (1.67 mg/mL), followed by E. 
faecalis (5.0 mg/mL), both in strains isolated 
from the environment. However, when water 
was used as a solvent, there was such effects.

All the microorganisms studied showed 
sensitivity to the propolis extract solubilized 
in DMSO, even though, at concentrations 
higher than that dissolved in ethanol. Among 
them, only the strain E. coli ATCC 25922 was 
resistant to the lethal effects of the extract at the 
concentrations used in this study. Dimethyl 
sulfoxide is a better solvent than water for 
many substances like proteins and steroids 
(Sturion et al.,1999); in addition, it does not 
have the disadvantages that ethanol has in 
terms of altering the sensory characteristics 
of food products (De Lima et al., 2016) and 
has less influence on the bactericidal action 
of the test chemical. Ethanol extracts of 
propolis are reported to  inhibit the growth of 
Gram-negative bacteria, through the action 
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Bacteria
MIC* MBC* 

Ethanol DMSO Ethanol DMSO

Escherichia coli ATCC 25922 26.67±11.54 80.0±0.0 26.67±11.54 >80.0

Escherichia coli (isolated) 20.0±0.0 40.0±0.0 10.0±0.0 60.0±28.2

Salmonella Enteretidis ATCC 13076 40.0±0.0 66.67±23.1 40.0±0.0 80.0±0.0

Salmonella Enteretidis (isolated) 20.0±0.0 40.0±0.0 10.0±0.0 80.0±0.0

Staphylococcus aureus ATCC 6538 8.33±2.88 20.0±0.0 10.0±0.0 80.0±0.0

Staphylococcus aureus (isolated) 1.67±0.72 26.67±11.54 5.0±0.0 66.67±23.1

Enterococcus faecalis ATCC 29212 10.0±0.0 40.0±0.0 26.67±11.54 80.0±0.0

Enterococcus faecalis (isolated) 5.0±0.0 53.33±23.1 13.33±5.77 60.0±28.3

* mean ± standard deviation 

Table 2. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC), 
expressed as mg/mL, obtained from the dry propolis extracted with ethanol and DMSO. 

of aromatic and flavonoid compounds in 
interrupting metabolism and destruction of 
the cell wall, only at higher concentrations 
(Anjum et al., 2019).

The antimicrobial activity of propolis is 
closely related to the solvent and the extraction 
method used, as its bioactive components 
depend on the combined action of the phenolic 
compounds extracted in the samples. For this 
reason, although the components responsible 
for the antimicrobial action are poorly soluble 
in water, caffeic acid for example, is soluble in 
water at higher temperature (Jug et al., 2014). 
However, use of water as a solvent to extract 
propolis requires specific techniques, and is 
not as efficient as ethanol (Silva et al., 2012).

Our results also showed that regardless of 
the solvent used, there was greater resistance 
from the reference strains in general, requiring 
larger amounts of the propolis extracts to 
inhibit growth. This result differs from the 
study by Silva et al., (2012), which found the  
inhibition concentrations to be lower for the 
reference cultures, suggesting the effectiveness 
of propolis in microorganisms resistant to 
antibiotics. Hur et al. (2012) demonstrated 
the resistance of clinical isolates of Salmonella 

sp. to combinations of antimicrobials, and 
proposed that the bacterial resistance genes 
act at different sites on the chromosome. 
However, Barros et al. (2013) suggested that the 
microbial isolates that were not certified, were 
likely to be only the colonizers, arguing that 
these bacteria were not able to express their 
pathogenicity, but merely survive, under the 
conditions and techniques used for collection, 
transport and storage. According to Freires 
et al. (2016), the mechanism of antimicrobial 
activity of propolis is complex and can be 
attributed to the presence of several bioactive 
compounds, mainly isoflavonoids. Damage 
to the cytoplasmic membrane, inhibition of 
nucleic acid synthesis due to topoisomerase 
inhibition, and reduced energy metabolism 
are reported.

CONCLUSIONS
Propolis from the Bay of Iguape, Brazil 

is rich in p-coumaric acid and ferulic acid, 
and is responsible for its antioxidant effect, 
in addition to the proven antibacterial action 
of this product, for use as a potential natural 
preservative.
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