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Abstract: In the present study, Apis mellifera propolis and essential oils (EOs) obtained from aromatic 
plants were evaluated as alternative antimicrobials. We aimed to establish the antimicrobial activity of 
ethanolic extracts of propolis (EEP) from Apis mellifera and of EOs from Caryophyllus aromaticus, Zingiber 
officinale, Cinnamomum zeylanicum and Mentha piperita against 32 Staphylococcus aureus and Escherichia 
coli strains from human clinical specimens. The antimicrobials were diluted in agar and the minimal 
inhibitory concentrations (MIC) were found whereas MIC90% values were calculated. Time-kill curve assays 
using mixtures containing one quarter of MIC90% for EEP with all EOs as well cinnamon EO were performed. 
The cinnamon EO was found to be the most efficient, with MIC90% values of 1.22 and 0.96 mg x mL–1 
respectively against S. aureus and E. coli, whereas MIC90% of EEP were 1.86 and 20.12 mg x mL–1 respectively 
against S. aureus and E. coli. The combinations of EEP with ginger and mint EOs, and cinnamon with ginger 
and clove EOs, showed synergistic effects. Consequently, further studies are necessary to confirm these 
activities in vivo and to evaluate the phytochemical characteristics of natural products.
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INTRODUCTION

The development of multidrug-resistant 
pathogens has been related to the occurrence of 
over- and under-dosage of antimicrobials (1, 2). 
One strategy employed to overcome resistance 
mechanisms is the use of combinations of drugs 
and several plant extracts, which had exhibited 
synergistic activity against microorganisms (3). 
Among the natural sources of antimicrobial 
agents utilized to treat infectious diseases, 
propolis and essential oils from aromatic plants 
were exhaustively studied (4-8).

Propolis has been used since ancient times by 
numerous populations, including the Assyrians, 
Greeks, Romans, Incas and Egyptians (9-10). It is 
a resinous bee product from buds and other parts 
of plants surrounding the hive, with addition of 

saliva, waxes and pollen (11-13). Bees mix the 
original propolis with beeswax and β-glucosidase 
that they secrete during propolis collection. The 
resulting material is used by bees to seal holes 
in the hives, to exclude draughts, to protect 
against external invaders and to mummify 
their carcasses (14). It has been shown that the 
antimicrobial activity of propolis is attributed 
to phenolic compounds, especially flavonoids – 
that are widely distributed trough leaves, fruits, 
seeds and other parts of plants – and which are 
recognized for their antioxidant activity (5, 15-
17). Mantovani et al. (18) evaluated the chemical 
composition of propolis samples collected in 
southern and southeastern Brazil, and reported 
that samples from the south had a higher amount 
of flavonoids, while the southeastern samples 
showed a higher amount of phenolic compounds. 
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Variations in the composition of propolis extracts 
are also responsible for different results in 
antimicrobial activity tests (19-20).

Aromatic plants are used for multiple purposes 
(e.g., maintaining health, hygiene and life quality) 
in the traditional culture of many countries 
such as India and Brazil (5, 21). The interest in 
aromatic plants and their essential oils is due to 
their numerous antimicrobial compounds with 
potential to directly or indirectly inhibit bacterial 
enzyme systems, resulting in bactericidal or 
bacteriostatic effects (22, 23). Sartoratto et al. (24) 
established that the presence of various chemical 
compounds in the essential oils of some plants is 
crucial for their antimicrobial properties. 

Eugenol is an active compound from clove 
essential oils (Caryophyllus aromaticus L., family 
Myrtaceae), which has been used as analgesic, 
antispasmodic, bactericidal, fungicidal and 
antiparasitic agent, as well as antiseptic agent 
in dentistry. Recent studies have shown the 
possibility of using clove EO as a replacement for 
some chemical additives in the preservation of 
meat and fish (25-27). 

Ginger (Zingiber officinale Roscoe, family 
Zingiberiaceae) is an important spice used as 
preservative in food and as an aphrodisiac. Some 
compounds found in its EO may act in stomach, 
facilitating digestion and inhibiting nausea and 
vomiting, and its major constituent is zingiberene 
(28, 29). In India, small pieces of ginger rhizome 
are mixed with honey and used to treat coughs, 
sore throat, fever and colds (30).

Peppermint (Mentha piperita L., family 
Lamiaceae) is utilized in several countries for several 
purposes, including Brazil, where it is employed 
as a local anesthetic to relieve cramps, headaches 
and muscle pain, and for influenza and throat 
infections, stimulating perspiration and fever. In 
addition, the plant is used to treat insect bites, and to 
promote restful sleep and healing. It is also utilized 
in cooking as a spice for salty foods or flavoring tea. 
The peppermint EO is consumed worldwide and 
menthone is of its main components (28). The EO  
has moderate antimicrobial activity against both 
gram-positive and gram-negative microorganisms, 
bactericidal effects against Staphylococcus aureus 
and Escherichia coli strains (2).

Cinnamon (Cinnamomum zeylanicum Blume, 
family Lauraceae) was employed by ancient Greeks, 
Romans and Jews to flavor wine and for religious 
purposes in India and China. It possess several 

biological activities such as analgesic, antispasmodic, 
astringent, aphrodisiac, hypoglycemic, carminative, 
haemostatic, insecticidal and antiparasitic 
properties. In folk medicine, it is used in elixirs and 
liquors for weakness and headaches, with its delicate 
aroma and sweet and spicy flavor, and it has been 
used as flavoring in meat and fast food, sauces, 
confectionery, beverages, pharmaceuticals, dental 
care products and perfumes, although it can be 
aggressive to the skin (28, 31). More recently, studies 
on the antimicrobial activity of cinnamon EO from 
leaves and bark were performed (32, 33). Chao et al. 
(34) reported that EO from cinnamon bark showed 
antimicrobial activity against several species of 
fungi, bacteria and viruses tested in clinical trials.

Several studies on the synergism among 
natural products were carried out (3, 7, 8, 35, 
36). It is expected that mixtures of propolis 
and EOs may lead to a better inhibitory action 
than that achieved by the substance alone (37). 
Combinations of EOs from several plants were 
analyzed by Gutierrez et al. (38), in order to 
find successful interactions among them. These 
authors also reported that such combinations, 
especially when oregano was used, were able to 
potentiate antimicrobial activity against Bacillus 
cereus, E. coli and Pseudomonas aeruginosa 
strains in food systems. Although the oils 
previously tested were not quite the same as those 
employed in our research, we aimed to verify the 
in vitro antimicrobial activity of propolis (EEP) 
from Apis mellifera and essential oils from clove, 
ginger, cinnamon and peppermint on E. coli and 
S. aureus strains from human specimens. The 
minimal inhibitory concentration (MIC) was 
determined through the agar dilution method 
and the synergism among these natural products 
was assayed by the time-kill curve method. 

MATERIALS AND METHODS

Ethanolic Extract of Propolis (EEP)
Propolis samples from Apis mellifera were 

collected at the experimental farm of the São 
Paulo State University (UNESP), Botucatu. The 
ethanolic extract of propolis (EEP) was prepared 
using 30 g of raw propolis diluted in 100 mL of 70% 
ethanol. After seven days at room temperature, 
the EEP was filtered and stored in dark bottles 
at 4°C. One milliliter was used to determine the 
dry weight of EEP by solvent evaporation at 50°C 
(13).
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Essential Oils (EOs)
EOs of clove (Caryophyllus aromaticus) 

(inflorescence) and ginger (Zingiber officinale) 
(fresh rhizomes) were prepared in a clevenger 
apparatus (model M480, Marconi, Brazil) at our 
laboratory. Peppermint (Mentha piperita) (leaves) 
and cinnamon (Cinnamomum zeylanicum) 
EOs were purchased from a Brazilian company 
that supplies natural products, where EOs were 
produced by steam distillation. One milliliter of 
each natural product was used to determine the 
dry weight of EEP and the density of EOs (39). 
These values were used to establish minimal 
inhibitory concentration (MIC) in mg x mL–1 
when the susceptibility assays were performed.

Bacterial Strains
Fifteen strains of S. aureus and fifteen of E. coli 

isolated from human biological material from 
patients of the Botucatu Medical School, UNESP, 
were used in the susceptibility assays. American 
Type Culture Collection (ATCC) strains of each 
species were used (S. aureus ATCC 33591 and E. coli 
ATCC 25922) to standardize the microbiological 
tests. The strains were stored at –70°C, and before 
the susceptibility tests they were inoculated in 
sheep blood agar (Difco, USA) to establish their 
viability. This work was approved by the Ethics 
Research Committee (CER) of UNESP. 

Susceptibility Tests
Minimal inhibitory concentration (MIC)

The MIC tests were performed by diluting the 
natural products in agar, as recommended by the 
CLSI guidelines (40), followed by determining 
their respective MIC90% values.

Petri dishes containing Mueller-Hinton agar 
(MHA) (Difco, USA) plus Tween 80 (0.3% v/v) 
and the natural products achieved concentrations 
ranging from 0.025% to 3.5% v/v for the EOs, and 
from 0.1% to 14% v/v for EEP and 70% ethanol. 
These concentrations were transformed into mg 
x mL–1 according to EOs and ethanol densities 
and EEP dry weight. The bacterial strains were 
inoculated in brain heart infusion (BHI) (Difco, 
USA) (37°C for 24 hours) and standardized at 
0.5 on the McFarland scale to achieve a bacterial 
suspension of circa 105 colony forming units 
(CFU x mL–1). Thirty-two bacterial strains (16 
S. aureus and 16 E. coli) were inoculated in Petri 
dishes using a Steers multiple inoculator and after 
24 hour at 37°C the MIC values were recorded 

(presence or absence of colonies of each of the 
bacterial strains) and the MIC90% values were 
established. The positive controls of growth of 
the bacterial strains in the absence of natural 
antimicrobials were performed by inoculating 
strains on Petri dishes containing MHA plus 3% 
of Tween 80 and incubation at 37°C for 24 hours.

Time-kill curve and interactions between 
natural antimicrobials

Bacterial counts of S. aureus and E. coli strains 
by the pour plate method on plate count agar 
(PCA) (Difco, USA) were performed in order 
to establish any synergistic effects when natural 
products were added to BHI plus Tween 80% 
(0.3% v/v). The mixtures reached values of one 
quarter of the MIC90% in natural products when 
EEP was combined with EOs and cinnamon EO 
with other EOs. The 105 CFU x mL–1 bacterial 
suspensions were inoculated in BHI tubes (time 
zero) and after 1.5, 3, 6, 9 and 24 hours at 37°C. 
Aliquots of each culture were recovered and 
plated on PCA by the pour plate method. After 
24 hours at 37°C, the CFU x mL–1 values were 
recorded. As in previous susceptibility tests in 
which the values of MIC were discovered, control 
assays were carried out and normal bacterial 
growth curve was also assessed when CFU x mL–1 
was achieved.

Statistical Analysis
Data were analyzed using analysis of variance, 

followed by the Student’s t-test, and p > 0.05 
indicated no significant difference between 
treatments. The statistical software SAS  version 
9.0, licensed by UNESP   in 2009, was employed.

RESULTS AND DISCUSSION

Essential Oils and EEP
EOs had different density values (Table 1), 

clove EO presented the highest value (1.101 mg x 
mL–1) and ginger EO had the lowest density (896 
mg x mL–1). During the extraction process, clove 
oil accumulated in the bottom of the Fiorentino 
distiller bottle, revealed the expected higher 
density of this oil. The dry weight of the EEP (172.2 
mg x mL–1) was in agreement with Fernandes 
Júnior et al. (13). In a scale of increasing densities 
and concentrations, the values were as follow: 
EEP < 70% ethanol < ginger EO < peppermint 
EO < cinnamon EO < clove EO.
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Table 1. Density values (mg x mL–1) of essential oils (EO) and 70% ethanol and EEP (ethanolic extract of 
propolis) dry weigh (mg x mL–1)

Ginger EO Peppermint EO Clove EO Cinnamon EO EEP Ethanol 70%

896.6 918.9 1101.0 1021.9 172.2 790.0

Table 2. Mean and standard deviation of minimal inhibitory concentration (MIC) values (mg x mL–1) for all 
antimicrobials against S. aureus and E. coli strains

Bacteria Ginger Peppermint Clove Cinnamon EEP 70% Ethanol 

S. aureus 1.1920 ± 0.75 
aA

3.67 ± 1.50 
aA

1.27 ± 0.48 
aB

1.15 ± 0.35 
aB

1.54 ± 0.62 
aA

71.68 ± 2.09 
bB

E. coli 7.0523 ± 3.13 
bB

31.25 ± 7.11 
dB

1.27 ± 0.48 
aB

0.99 ± 0.13 
aB

19.24 ± 2.20 
cB

70.12 ± 3.02 
eB

Different small letters indicate differences among the natural products (p ≤ 0.05). 
Different capital letters indicate differences among the bacterial strains (p ≤ 0.05).

Antimicrobial Activity of Natural Products

EOs and EEP had similar results for antimicrobial 
activity against S. aureus (Table 2) with no 
significant differences, and 70% ethanol control 
showed the lowest inhibitory activity. Cinnamon 
and clove EOs presented higher inhibitory 
activities against E. coli, followed by ginger EO 
and EEP. Peppermint EO was less active than the 
other EOs. Once again, 70% ethanol showed the 
lowest inhibitory activity against E. coli. Table 3 
presents the MIC90% values and the effects of MIC 
against the bacterial strains. All strains challenged 
in the susceptibility assays showed normal growth 
on control Petri plates with MHA plus Tween 80 
(0.3% v/v) when inoculated and incubated under 
the same conditions of the treatment assays. Thus, 
the absence of growth or absence of colonies of 
bacterial strains on Petri dishes containing natural 

antimicrobials can be explained by the inhibitory 
effect of antimicrobials and not due to nutritional 
or environmental failures during the cultivation.

The MIC90% values were distinct for the 
different bacterial strains. Peppermint EO (6.18 
mg x mL–1) showed a great inhibitory effect on 
S. aureus compared to its action on E. coli (30 
mg x mL–1), while regarding EEP, the MIC90% 
values were 1.86 mg x mL–1 and 20.12 mg x mL–1 
respectively against S. aureus and E. coli (Table 3). 
Ethanol, the EEP solvent, had no effect on EEP 
antimicrobial activity.

The structure of gram-negative bacterial wall, 
which presents an outer complex membrane, 
including two lipid bilayers, could be the reason for 
the obtained results (41, 42). These layers comprise 
physical barriers between microorganisms and 
the environment, preventing interactions of the 
bacterial cell with harmful substances. Gram-

Table 3. MIC90% and range of MIC values (mg x mL–1) of EO, EEP and 70% ethanol against 16 S. aureus and 
16 E. coli strains

Bacteria Ginger Peppermint Clove Cinnamon EEP 70% 
Ethanol 

S. aureus
MIC90% 1.7 6.2 1.6 1.2 1.8 72.4

Range of 
MIC 0.6-2.7 2.7-6.3 0.5-2.2 1.2-2.0 0.7-3.4 60.8-72.4

E. coli
MIC 90% 8.7 30.0 1.6 1,0 20.1 72.3

Range of 
MIC 0.8-13.5 4.6-33.0 0.5-2.2 0.5-1.0 15.5-

20.6 66.3-72.4
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positive bacteria present only one relatively 
permeable membrane, rendering them more 
susceptible to interactions with the environment 
(43). Another possible cause of the resistance 
against phytotherapeutics is the presence of 
multiresistant sites that promote the synthesis and 
secretion of amphipathic toxins (37).

In addition to the morphological differences 
among bacteria, there must be variations in the 
chemical compositions of EOs. Some plants 
have active ingredients that can easily penetrate 
bacteria, and some fail to interact with the 
bacterial cell, reducing their antimicrobial 
potential. Thus, the composition of EOs must 
be chemically analyzed to allow a study on the 
interactions alone. The chemical composition of 
EOs may present large variations according to 
several factors including age, time of harvest and 
origin of the plant, which may interfere with the 
presence/absence of some of the active chemical 
compounds, as well as may influence in the 
volatilization of these compounds (44).

Synergism between Natural Products
The time-kill curves of natural products 

alone, with their MIC90% values (or one quarter of 

MIC90% values) for EEP and EOs against S. aureus 
and E. coli strains are shown in Figures 1 and 2. 
The survival rates of S. aureus and E. coli strains 
in mixtures containing one quarter of MIC90% 
values of cinnamon EO with ginger, clove and 
peppermint EOs are displayed in Figures 3 and 4.

Synergism was shown in various combinations 
and three or more log reductions in the CFU x 
mL–1 of the initial inoculum provided evidence 
of bactericidal effect (45). Bacteriostatic activity 
was recorded when the scores were near the 
original number without going over the test 
scores obtained in the positive control of 
bacteria. Thus, MIC90% values established were 
bactericidal for clove, ginger and peppermint 
EOs, while cinnamon EO, EEP and 70% ethanol 
were bacteriostatic against S. aureus strains. 
Clove and cinnamon EOs showed bactericidal 
effects, while ginger and peppermint EOs as well 
as EEP and 70% ethanol showed bacteriostatic 
effect against E. coli strains.

Synergism with bacteriostatic effects 
was established in the assays when EEP was 
combined with ginger and peppermint EO, and 
in the mixtures with cinnamon and clove EOs 
and cinnamon and peppermint EOs on S. aureus 

Figure 1. Log CFU x mL–1 values in the time-kill curve of MIC90% values of the products alone and in 
combination with one quarter of MIC90% values for EEP with essential oils against S. aureus strain.
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Figure 2. Log CFU x mL–1 values in the time-kill curve of MIC90% values of the products alone and in 
combination with one quarter of MIC90% values for EEP with essential oils against E. coli strain.

Figure 3. Log CFU x mL–1 values in the time-kill curve of MIC90% values of the products separately and in 
combination with one quarter of MIC90% values for cinnamon oil with essential oils against S. aureus strain.
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growth (Figure 1). Synergism with bactericidal 
effect was also verified in the combination of 
cinnamon and ginger EOs (Figure 3) against 
S. aureus. Whereas there were significant 
differences in the antimicrobial activities of the 
natural products on the studied bacterial strains, 
synergism with bacteriostatic effect against E. 
coli strains by EEP with ginger and peppermint 
EOs and bactericidal effects of cinnamon 
EO with ginger and clove EOs are shown in 
Figures 2 and 4, respectively. Al-Bayati (46) 
reported that combinations of thyme (Thymus 
vulgaris) and anise (Pimpinella anisum) EOs 
showed inhibitory activity against pathogenic 
bacteria, and that these EOs were more efficient 
than the drug Maxipime in the assays. These 
authors also found that the association with 
EO potentiated the effects of the compounds 
of each plant, assuring that microorganism 
were inhibited by various chemical compounds 
at the same time, increasing the antibacterial 
activity of the products. This phenomenon was 
evident against P. aeruginosa strains, a pathogen 
resistant to isolated EOs, methanolic extracts 
and antimicrobial drugs. 

Moreover, the evaluation of the interactions 
between EEP and EOs should be clarified because 
Garedewa et al. (37) reported that the use of 
propolis at concentrations below the MIC could 
increase the growth of the microorganisms, 
whereas at higher levels they may inhibit or even 
kill them. This event is known as “hormesis”, 
and was first mentioned by Calabrese and 
Baldwin (47). Thus, because the present study 
provides information on propolis extract, 
which is frequently used for treatment of some 
common infectious diseases, and if employed at 
low concentrations, we believe that it can even 
worsen the disease. 

CONCLUSIONS

Our results showed antibacterial properties 
in all of the natural products studied. Moreover, 
combinations of EEP with ginger and peppermint 
EOs, and cinnamon with ginger and clove EOs 
showed synergistic effects that may be valuable 
in the development of phytotherapeutics with 
antimicrobial actions against gram-positive and 
gram-negative microorganisms. Since the tests 

Figure 4. Log CFU x mL–1 values in the time kill curve of MIC90% values of the products separately and in 
combination with one quarter of MIC90% values for cinnamon oil with essential oils against E. coli strain
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were performed in vitro, further studies focusing 
on the safe use of these substances in humans and 
animals, especially against S. aureus and E. coli 
infections, should be conducted. In addition, there 
is a global tendency towards the development of 
herbal drugs from different mixtures of natural 
products aiming at the standardization of active 
compounds in these products. 
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