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Abstract

The antimicrobial activity of the crude ethanol extract from Pimenta pseudocaryophyllus (Gomes)
L. R. Landrum (Myrtaceae), collected at two locations in Brazil, was investigated. Leaf samples were col-
lected in April 2005 and in September 2005, both in Brasilia, DF, Brazil, and in July 2000 in Sdo Gongalo do
Abaeté, MG, Brazil. They were dried, crushed and used to obtain three crude ethanol extracts. The agar
diffusion test was used for antimicrobial activity screening and the agar dilution method for determining
the minimal inhibitory concentration (MIC). In assay conditions, extracts |, Il and Ill demonstrated antimi-
crobial activity against Gram-positive Staphylococcus aureus, Micrococcus luteus, M. roseus, Bacillus cereus,
B. atrophaeus, and B. stearothermophilus (MIC 0.39062 to 12.5 mg/mL, MIC 0.78125 to 1.5625mg/mL and
MIC 0.39062 to 1.5625 mg/mL, respectively), against Gram-negative Pseudomonas aeruginosa (MIC 0.39062
to 3.125mg/mL, MIC 1.5625 mg/mL and MIC 0.78125 to 1.5625 mg/mL, respectively), against clinical iso-
lates of Pseudomonas stutzeri (MIC 0.39062 to 0.78125 mg/mL, MIC 0.78125 to 1.5625 mg/mL, MIC 0.78125
to 1.5625 mg/mL, respectively) and also against Candida albicans fungi (MIC 0.19531 mg/mL for the extracts
I, ITand Il). This study showed that the antimicrobial activity of P. pseudocaryophyllus might be considered
sufficient to encourage further studies to isolate and identify its active principles. Pharmacological and
toxicological studies are also necessary, followed by studies regarding the culturing and managing proc-

esses of this vegetable.
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Introduction

For the past five decades, the use of antibiotic or antimi-
crobial substances has represented one of the greatest
advances in pharmacotherapy. These substances are
among the most common pharmaceutical drugs used
in hospital settings and have drastically reduced the
risk of infection in the human body. However, microbial
resistance is a major problem in the hospital environ-
ment, where the use of antimicrobials is imperative
(Gales et al., 2005; Hsueh et al., 2005; Meyer et al., 2005;
Zhanel et al., 2005). Many infections caused by emerg-
ing or multiresistant microorganisms remain without

effective therapeutic options, not to mention the serious
side effects of some of the drugs available (Lima, 2001;
Tavares, 2001; Hardman et al., 2003).

Microorganisms acquire resistance to antimicrobial
substances faster than new antimicrobial agents can be
developed. Therapeutics have been strongly affected
by knowledge concerning new standards of microbial
resistance altering choice, dosage and substance com-
bination. The discovery of new, safer and more specific
drugs is, therefore, urgent (Helfand & Bonomo, 2005;
Meyer, 2005; Thomson & Bonomo, 2005).

The development of new antimicrobial agents can
be greatly aided by research involving natural products

Address for Correspondence: Joelma Abadia Marciano de Paula, Curso de Farmacia, Universidade Estadual de Goids, Br. 153, Km 98, PO Box 459, 75001-970,
Andpolis, Goids, Brazil. Tel./Fax: (62) 3328-1156. E-mail: joelmapaula@uol.com.br

(Received 06 February 2008; revised 11 August 2008; accepted 11 August 2008)

ISSN 1388-0209 print/ISSN 1744-5116 online © 2009 Informa UK Ltd
DOI: 10.1080/13880200902969462

http://www.informahealthcare.com/phb


mailto:joelmapaula@uol.com.br
http://www.informa.com/doifinder/10.1080/13880200902969462

988 Joelma Abadia Marciano de Paula et al.

(Lima, 2001). The diversity of compounds found in
plant species make these organisms promising sources
of new antimicrobial agents, with general or specific
effects. These findings have motivated several studies in
different parts of the world (Souza et al., 2002; Cunico
et al., 2004; Zuque et al., 2004; Hernandez et al., 2005;
Michelin et al., 2005; Yasunaka et al., 2005; Bugno et al.,
2007; Oliveira et al., 2007; Nair & Chanda, 2007).

Brazil is recognized as a mega-diversity country
(Mittermeier et al., 1997) and Brazilian folk medicine is
substantial. Therefore, the plant Pimenta pseudocaryo-
phyllus (Gomes) L.R. Landrum (Myrtaceae) was selected
for this study using an ethno-pharmacological approach.
This species is known as “pau-cravo” or “craveiro” and
occurs in the Brazilian Atlantic Forest and also rarely in
regions of the Brazilian savannah. It is a 4-10 m tall tree.
Its leaves are elliptical, obovate or elliptic-oblanceolate,
densely covered with long unicellular hairs below and
glabrous above. Its inflorescence is a dichasium or a
panicle (Landrum, 1986; Lorenzi, 2002).

In the folk medicine of Sdo Goncalo do Abaeté, MG,
Brazil, the leaves are used to make tea for influenza. In
the county of Campos do Jordao, SP, Brazil, the leaves
are infused to make a soothing tea as well as to regulate
digestion and menstruation (Nakaoka-Sakita et al., 1994).
According to Lima et al. (2006), the tea from the leaf is
also used as refreshment and as a diuretic. The literature
data supports that there is antimicrobial activity in the
essential oils of two specimens of P. pseudocaryophyl-
lus, collected at two locations in Sao Paulo state, Brazil,
against Candida albicans (ATCC 10231), Escherichia coli
(ATCC 8739), Pseudomonas aeruginosa (ATCC 9027) and
Staphylococcus aureus (ATCC 6538) (Lima et al., 2006).
The main purpose of this study is to assay the in vitro anti-
microbial activity of the crude ethanol extract obtained
from the leaves of three samples of P. pseudocaryophyllus
collected in two locations in Brazil.

Material and methods

Plant material

P. pseudocaryophyllus leaves were collected in two
counties: In Sdo Gongalo do Abaeté, MG, Brazil at
18°20'58.4” South; 45°55'23.4” West, 864 m altitude, in
June 2000, in the fructification period (post-anthesis).
The plant material was identified by Carolyn Elinore
Barnes Proenca, a specialist in Myrtaceae from the
University of Brasilia and a voucher specimen was
placed in the Herbarium of the Federal University of
Goidas, number UFG-27.159.

In Brasilia, DF, Brazil at 15°51’51.6” South; 47°49’43” West
and at 767m altitude, one sampling was taken in April
2005, during fructification (post-anthesis) and another

in September 2005, during flowering (anthesis). These
samplings were collected at about 10:00 am in sunny
weather. A voucher specimen of the plant material was
placed in the Ezechias Paulo Heringer Herbarium of
Brasilla Botanical Garden, DF, Brazil, number 21, 745-0,
and identified by specialists from this institution.

To obtain the pulverized plant material the leaves
were oven dried with forced ventilation at 40°C and then
crushed to a fine powder. The pulverized material was
used to obtain the crude ethanol extract.

Crude ethanol extract preparation

The crude ethanol extract was obtained by cold macera-
tion according to methodology adapted by Ferri (1996).
Five parts of ethanol 95% (V/V) were added to one part
pulverized plant material and submitted to mechanical
agitation for 4h. It was then filtered in filter paper and
concentrated in a Rotary evaporator. The procedure was
repeated twice more. The extracts obtained as previ-
ously described for each sample of both specimens were
identified and stored at room temperature.

Antimicrobial activity screening by the agar
diffusion method

The antimicrobial activity screening of the extracts was
performed as recommended by the National Committee
for Clinical Laboratory Standard (NCCLS, 2003), cur-
rently known as Clinical and Laboratory Standards
Institute (CLSI). Standard American Type Culture
Collection (ATCC) strains were used (Table 1).

The microorganisms stocked in simple inclined agar
(SIA) at 4°C were subcultured in a thioglycollate broth
and were incubated at 37°C for 24 to 48 h for reactivation
of the cultures. Following this, they were subcultured

Table 1. Microorganism strains used in triage.

ATCC
Gram-positive bacteria
Staphylococcus aureus 29213
Micrococcus roseus 1740
Sporulated Gram-positive bacteria
Bacillus cereus 14579
Bacillus stearothermophilus 1262
Bacillus atrophaeus 6633
Gram-negative bacteria
Enterobacter cloacae HMA/FT502
Enterobacter aerogenes 13048
Escherichia coli 8739
Escherichia coli 25922
Pseudomonas aeruginosa 9027
Pseudomonas aeruginosa 27253
Serratia marcescens 14756
Fungi
Candida albicans 1023




in SIA plates and incubated at 37°C for 24 h. Microbial
suspensions were then prepared, adding an inoculum to
2mL of sterile saline solution 0.85% (W/V) until turbid-
ity 1 on the MacFarland scale was obtained. Next, 100 pL
of the microbial suspension obtained were added to
10mL of Mueller Hinton liquefied agar, homogenized
and transferred rapidly onto the plates that contained a
base layer of 20mL of Mueller Hinton agar. Orifices of
5-mm diameter were distributed in a circle at equidistant
points on the plate leaving the center without orifice.

The crude ethanol extract of each sample was solubi-
lized in ethanol 95% (V/V) at a 1:1 ratio and 10 pL was
inoculated into each orifice. This step was performed
in triplicate. A control was made with the solvent used
in the dilution of the extract. The center of the Gram-
positive bacteria plates received a disk of penicillin
(Oxo0id® 10pg) as positive control, the Gram-negative
plates received a disk of erythromycin (Ox0id® 15ug)
as positive control. The plates were incubated at 37°C
for 24 h. The diameter of the inhibition halos was then
measured.

Minimal inhibitory concentration (MIC) bioassay

The agar dilution method was used according to the
NCCLS recommendation (2003). Double dilution series
were made in 9 test tubes for each sample: 1g of each
crude ethanol extract was added to a first sterile test tube
and the volume was completed to 2 mL with ethanol 95%
(V/V), then 1 mL of sterile distilled water was added to a
sequence of 8 sterile test tubes, an aliquot of 1 mL was
transferred from the first test tube to the second and so
on, successively, until the ninth tube, and at the end an
aliquot of 1 mL was discarded.

Next, 19mL of liquefied Mueller Hinton agar were
added, then homogenized and quickly transferred onto
the plate. In this manner the plates obtained contained
the crude ethanol extract of the specimens under study
in concentrations ranging from 25 to 0.0976 mg/mL.
Control plates were prepared containing the solvent
used in the extraction along with Mueller Hinton agar
and also containing only Mueller Hinton agar.

The strains used were the standard American Type
Culture Collection (ATCC) shown in Table 1 (except for
Serratia marcescens ATCC 14756) and Micrococcus luteus
ATCC 9341. Clinical isolates of Staphylococcus aureus
and Pseudomonas stutzeri kept in the Bacterial Culture
Collection in the Bacteriology Laboratory in the Tropical
Pathology and Public Health Institute of the Federal
University of Goids, Brazil, were also used (Table 2).

The microorganisms were subcultured in thiogly-
collate broth and incubated at 37°C for 24 to 48h for
reactivation. Next, they were subcultured in SIA plates
and once again incubated at 37°C for 24 h. After the
microbial growth, inocula of each microorganism
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Table 2. Microorganisms obtained from clinical isolates used in MIC
determination.

Number
Gram-positive bacteria - clinical isolates
Staphylococcus aureus 209
Staphylococcus aureus 223
Staphylococcus aureus 225
Staphylococcus aureus 234
Gram-negative bacteria - clinical isolates
Pseudomonas stutzeri 130B
Pseudomonas stutzeri 157D
Pseudomonas stutzeri 230B
Pseudomonas stutzeri 55B
Pseudomonas stutzeri 90A
Pseudomonas stutzeri 105D

were prepared in 2mL of sterile saline solution 0.85%
(W/V) standardized to an opacity equivalent to 1
on the MacFarland scale. 100uL. of each inoculum
was transferred to the Steers inoculator (Steers et al.,
1959), applied on the surface of the plates containing
the extract dilutions and their respective controls and
subsequently incubated at 37°C for 24 h. The smallest
concentration capable of inhibiting microbial growth
was considered to be the MIC.

Results and discussion

Antimicrobial activity screening by the agar
diffusion method

The crude ethanol extracts of the samples of P. pseudocary-
ophyllus analyzed by agar diffusion test presented antimi-
crobial activity against all Gram-positive bacteria tested.
They presented traces of growth inhibition in C. albicans
ATCC 1023. Regarding the Gram-negative bacteria, they
presented antimicrobial activity against both strains of
P aeruginosa studied and against S.marcescens ATCC
14756, but did not inhibit the growth of Enterobacter aero-
genes ATCC 13048, nor E. cloacae ATCC HMA/FT502 or
both E. coli strains analyzed (Table 3).

Several authors have studied the antimicrobial
activity of essential oils and plant extracts and have
found activity against Gram-positive bacteria (Cunico
et al., 2004; Zuque et al., 2004; Fernandes et al., 2005;
Hernandez et al., 2005; Michelin et al., 2005; Yasunaka
etal., 2005; Bugno et al., 2007; Oliveira et al., 2007; Nair
& Chanda, 2007). The antimicrobial activity against
Gram-positive bacteria B. cereus, B. atrophaeus and
B. stearothermophilus observed in this study was
relevant, since these are spore-forming microorgan-
isms, and can survive under adverse conditions for
several years. S. aureus is the most common cause of
pyogenic infections on the skin or in deeper regions
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Table 3. Haloaverages(mm)ofmicrobial growth inhibition obtained in the agar diffusion test using crude ethanol extracts of P. pseudocaryophyllus

specimens and controls.

Microorganisms Extract I Extract IT ExtractIII  Ethanol 95% (v/v) Penicillin 10 pg Erythromycin 15 pg
S. aureus ATCC 29213 17 19 17 0 18 NP
M. roseus ATCC 1740 27 29 28 0 NP NP
B. cereus ATCC 14579 16 18 16 0 0 NP
B. stearothermophilus ATCC 1262 13 15 13 0 13 NP
B. atrophaeus ATCC 6633 14 16 14 0 14 NP
E. cloacae ATCC HMA/FT502 0 0 0 0 NP 0
E. aerogenes ATCC 13048 0 0 0 0 NP 0
E. coli ATCC 8739 0 0 0 0 NP 0
E. coli ATCC 25922 0 0 0 0 NP 0
P. aeruginosa ATCC 9027 13 12 13 0 NP 0
P. aeruginosa ATCC 27253 13 15 16 0 NP 10
S. marcescens ATCC 14756 15 14 15 0 NP NP
Candida albicans ATCC 1023 T T T 0 NP NP

Extract I, leaves collected in Brasilia in April 2005; Extract II, leaves collected in Brasilia in September 2005; Extract III, leaves collected in Sao
Gongalo do Abaeté in July 2000; NP, not performed; T, traces of microbial growth inhibition.

and commonly inhabits the nasal cavity of 40-50% of
all human beings (Brooks et al., 2004). Considering
the clinical importance of this microorganism, the
selection of a few clinical isolates, beside the stand-
ard ATCC 29213 strains, was performed in order to
determine the MIC of the crude ethanol extracts of
P. pseudocaryophyllus.

None of the three extracts inhibited E. coli ATCC
8739 or ATCC 25922 strains. Analogous results were
also observed in other plant species (Zuque et al., 2004;
Fernandes et al., 2005; Yasunaka et al., 2005).

The P. pseudocaryophyllus extracts did not inhibit
E. aerogenes ATCC 13048 and E. cloacae ATCC HMA/
TF502, enterobacteria responsible for extra intestinal
infections and the cause of a great number of hospital
infections. Nair and Chanda (2007) found similar results
for E. aerogenes ATCC 13048 when researching Psidium
guajava L. leaf extracts. On the other hand, the entero-
bacteria S. marcescens ATCC 14756, which belongs to
the same group, was inhibited by the tested extracts.

Although the group of Gram-negative bacteria men-
tioned above did not present inhibition in the agar dif-
fusion test, all three extracts presented antimicrobial
activity against P. aeruginosa ATCC 9027 and ATCC
27253 strains. This microorganism normally inhabits
vegetables, water and soil and may be found on the
skin, excrement and throat of normal individuals. It is
opportunist and can be responsible for several infec-
tious diseases such as localized and urinary infections,
serious pneumonia and around 15% of bacteremia
caused by Gram-negative germs. It is among the most
frequent pathogens in hospital infection cases due to
its various virulence factors and to its multi-resistance
to several antimicrobial drugs (Thomson & Bonomo,
2005). Such findings justified the use of clinical isolates

of this microorganism as well as standard strains for MIC
determination.

Minimal inhibitory concentration (MIC) bioassay

Considering the results obtained from the screening
tests performed previously, the determination of the
minimal inhibitory concentration (MIC) for all three
crude ethanol extracts was considered necessary and
the results are shown in Table 4.

The results observed in the agar diffusion test are
qualitative and present limitations for substances with
low diffusion ability in the culture medium. The quanti-
tative step occurred in the agar dilution test.

The antimicrobial activity evidenced by the agar diffu-
sion test for Gram-positive bacteria was confirmed by the
agar dilution test. Ofall the Gram-positive bacteria tested,
60% (6 bacteria) were inhibited by the sample collected
in April 2005 (extract I) at a MIC of 0.78125 mg/mL and
70% (7 bacteria) by the sample collected in September
2005 (extract IT) at a MIC of 1.5625 mg/mL. The speci-
men from Minas Gerais (extract I1I) presented an inhibi-
tion pattern practically identical to the one collected in
Brasilia in April 2005.

Similar observations can be made regarding the MIC
of the three extracts against P. aeruginosa and P. stutzeri.
Extract I of the Brasilia sample inhibited 50% of the
Pseudomonas evaluated at a MIC of 0.78125mg/mL and
37.5% at an even lower concentration (0.39062 mg/mL).
Extract I of the Brasilia sample, on the other hand, inhib-
ited 87.5% of the Pseudomonas ata MIC of 1.5625 mg/mL.
ExtractIIl ofthe Minas Gerais sample presented an inhibi-
tion pattern very similar to the one presented by extract I
from Brasilia, inhibiting 87.5% of the Pseudomonas at a
minimal concentration of 0.78125 mg/mL.



Table 4. Minimal inhibitory concentration (mg/mL) of the crude
ethanol extracts of P. pseudocaryophyllus leaves.

Microorganisms Extract] ExtractIl ExtractIII
Gram-positive

S. aureus ATCC 29213 0.39062  0.78125  0.39062
S. aureus 209 0.78125  1.5625 0.78125
S. aureus 223 0.78125  1.5625 0.78125

S. aureus 225 12.5 1.5625 1.5625

S. aureus 234 0.78125  1.5625 0.78125
M. luteus ATCC 9341 0.78125 1.5625 0.78125
M. roseus ATCC 1740 0.78125 0.78125  0.78125
B. cereus ATCC 14579 0.39062 0.78125  0.78125
B. stearothermophilus ATCC 1262 0.78125  1.5625 0.78125
B. atrophaeus ATCC 6633 1.5625 1.5625 1.5625
Fungi

Candida albicans ATCC 1023 0.19531  0.19531  0.19531
Gram-negative

E. cloacae ATCC HMA/FT502 3.125 12.5 1.5625
E. aerogenes ATCC 13048 12,5 25 1.5625
E. coli ATCC 8739 12.5 1.5625 3.125
E. coli ATCC 25922 NI 25 25

P. aeruginosa ATCC 9027 3.125 1.5625 1.5625
P. aeruginosa ATCC 27253 0.39062  1.5625 0.78125
P. stutzeri130 B 0.78125  1.5625 0.78125
P. stutzeri 157 D 0.78125  1.5625 0.78125
P. stutzeri 230 B 0.78125  1.5625 0.78125
P. stutzeri55B 0.39062  1.5625 0.78125
P, stutzeri 90 A 0.78125  1.5625 0.78125
P, stutzeri 105 D 0.39062  0.78125 0.78125

Extract I, leaves collected in Brasilia in April 2005; Extract II, leaves
collected in Brasilia in September 2005; Extract III, leaves collected
in Sdo Gongalo do Abaeté in July 2000; NI, no inhibition of microbial
growth occurred with concentrations used in this test.

Such results may be explained by differences in
extract compositions, since the plant materials were col-
lected in different locations and times of the year. Plant
material of the specimens analyzed is rich in phenolic
compounds, such as tannins and flavonoids, and in
essential oils (Paula et al., 2008). It is probable that these
compounds are involved in the antimicrobial activity
assessed in this study.

Concerning the essential oils, Paula (2006) verified a
substantial variation in chemical yields and composi-
tions, as much in terms of geographical location as in
terms of stage of development for all three P. pseudo-
caryophyllus specimens studied. The fact that extract I
presented an inferior MIC than extract II may be related
to the higher yield of essential oil (0.8%) and to the
higher content of methyl eugenol verified in the first
sample. The Minas Gerais specimen (extract III), in spite
of presenting an antimicrobial inhibition pattern simi-
lar to the Brasilia sample (extract I), had a completely
different essential oil composition. Its antimicrobial
action can be justified by the predominance of citral
(neral and geranial) in its essential oil. It is important to

Antimicrobial activity from Pimenta 991

highlight that citral has an intense antiseptic effect, even
more potent than phenol (Santos & Mello, 2004; Simdes
& Spitzer, 2004; Zuanazzi & Montanha, 2004) and that
eugenol is a well-known antimicrobial agent (Dorman
& Deans, 2000). Recently, Lima et al. (2006) related the
differences in the chemical composition of the essential
oils of two specimens of P. pseudocaryophyllus to the dif-
ferent MIC observed against E. coli and C. albicans.

Data concerning the antimicrobial activity of extracts
obtained from P. pseudocaryophyllus leaves were not
found in the literature. However, other species of the
Myrtaceae family have been studied regarding antimi-
crobial activity attributed to essential oils or tannins
(Bara & Vanetti, 1998; Djipa et al., 2000; Estanislau et al.,
2001; Cimanga et al., 2002; Saenz et al., 2004; Li et al.,
2005; Oliveira et al., 2007).

Djipa et al. (2000) points out that tannins present in
different plant extracts do not present a common pat-
tern of microbial inhibition, since not all tannins have
antimicrobial action and each extract can have dif-
ferent concentrations of antimicrobial tannins. This
observation is important for the present study, since it
is noteworthy that among the group of Gram-negative
bacteria evaluated, the extracts proved to be more active
against Pseudomonas ssp. Considering tannins are partly
responsible for the antimicrobial activity of the extracts
analyzed in this work, this fact may be related to the
content of antimicrobial tannins in the extracts with spe-
cificities against P. aeruginosa and P. stutzeri. Therefore,
more precise studies to clarify the chemical composition
not only of tannins but also of the essential oil compo-
nents responsible for the antimicrobial activity of P. pseu-
docaryophyllus leaves will soon be vital. According to
Barreiro (2001), such compounds could serve as raw
material for the production of pharmaceutical drugs or
also serve as prototypes for the synthesis of new pharma-
ceutical drugs. Hence, the production of antimicrobial
substances active against P. aeruginosa, a microorgan-
ism that presents multi-resistance to the most modern
antimicrobial substances (Makedou et al., 2005) will be
invaluable.

The activity of the three extracts against the Gram-
positive bacteria studied and, especially against the
Gram-negative bacteria Pseudomonas ssp. has signifi-
cant clinical meaning. Such results indicate promising
propositions for controlling microorganisms and for the
production of new antimicrobial drugs as well as posi-
tively influencing the ethno-medicinal use of this plant.
Nevertheless, in order for this plant to become raw
material for the production of herbal medicines, phyto-
chemical, pharmacological and toxicological studies are
necessary, with a view to guaranteeing the effective and
safe application of this plant. Our research group is now
focused on these subjects. Besides, studies on the possi-
bility of cultivation and domestication to enable the use
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of this plant without causing negative environmental,
economic and social impacts are also recommended.
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